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Unit 1 – Virology Basics: Virus Types &
Classification
1.1 History and scope of virology
Virology traces its origins to the late 1890s, when researchers first realized that some infectious agents
were too small to be bacteria. Since then, the field has expanded far beyond simply identifying viruses. It
now spans viral structure, replication, evolution, host interactions, and a wide range of applications in
medicine and biotechnology.

Milestones in Virology

Early Discoveries and Technological Advancements
In 1892, Dmitri Ivanovsky demonstrated that the agent causing tobacco mosaic disease could pass
through filters that trapped bacteria. Building on this work, Martinus Beijerinck in 1898 coined the term
contagium vivum fluidum ("living contagious fluid") to describe this new category of infectious agent.
Beijerinck is widely credited with establishing virology as a distinct discipline, since he argued that the
agent was fundamentally different from bacteria rather than just a smaller version of one.

• Electron microscopy (1930s) gave scientists the first direct look at viral particles. This revealed a
surprising range of shapes: rod-shaped (tobacco mosaic virus), spherical (influenza), and complex
structures (bacteriophages with head-tail morphology).

• Poliovirus tissue culture (1949): John Enders, Thomas Weller, and Frederick Robbins showed that
poliovirus could be grown in non-nervous tissue cells in the lab. This was a practical breakthrough
because it meant viruses could be produced at scale for research and, critically, for vaccine
development. They received the Nobel Prize in 1954.

• DNA double helix (1953): Watson and Crick's structural model of DNA provided the framework for
understanding how viral genomes encode information and how viruses hijack host cell machinery to
replicate.

Paradigm-Shifting Discoveries
Reverse transcriptase (1970): Howard Temin and David Baltimore independently discovered that
retroviruses carry an enzyme that copies RNA into DNA. This directly challenged the central dogma of
molecular biology, which held that genetic information flows only from DNA to RNA to protein. The
discovery revealed that RNA viruses could integrate their genetic material into host chromosomes, a
mechanism with profound implications for understanding both viral persistence and cancer.

HIV identification (1983): Luc Montagnier's group in Paris and Robert Gallo's group in the U.S. identified
HIV as the cause of AIDS. This discovery transformed retroviral biology from a niche research area into a
global health priority. It drove the development of antiretroviral therapies that have turned HIV from a death
sentence into a manageable chronic condition for many patients, and research toward an HIV vaccine
continues.

Modern Techniques and Applications
The 1980s and 1990s brought molecular tools that fundamentally changed how virologists work:
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• PCR (polymerase chain reaction) allows detection of tiny amounts of viral genetic material, making it
possible to diagnose infections rapidly and monitor viral load in patients over time.

• DNA sequencing enables full characterization of viral genomes, tracking of how viruses evolve and
spread, and identification of new viral strains during outbreaks.

Together, these techniques underpin modern diagnostics, epidemiological surveillance, and vaccine
design.

Scope of Virology

Fundamental Concepts and Research Areas
Virology covers a broad range of viral types: DNA viruses, RNA viruses, and retroviruses, each with distinct
replication strategies. Researchers study how viruses enter cells, commandeer host machinery, assemble
new particles, and spread to new hosts.

Beyond causing disease, viruses play significant ecological roles:

• They facilitate horizontal gene transfer, moving genetic material between organisms that aren't parent
and offspring.

• They exert selective pressure on host populations, driving evolutionary adaptation.

• In marine environments alone, viruses kill an estimated 20% of oceanic bacteria daily, profoundly
influencing nutrient cycling and microbial community structure.

Contributions to Molecular Biology and Biotechnology
Many foundational discoveries in molecular biology came from studying viruses. Research on
bacteriophages helped establish how genes are expressed and regulated. Work on viral replication
contributed to our understanding of DNA synthesis and RNA interference.

Viruses are also practical tools in biotechnology:

• Gene therapy vectors: Modified viruses (especially adeno-associated viruses and lentiviruses) deliver
therapeutic genes into patient cells.

• CRISPR delivery: Viral vectors can carry CRISPR-Cas9 components into target cells for gene editing.

• Recombinant protein production: Baculovirus expression systems are widely used to produce proteins
for research and pharmaceutical manufacturing.

Medical and Public Health Applications
Virology directly informs public health in several ways:

• Vaccines against diseases like influenza, HPV, hepatitis B, and COVID-19

• Antiviral drugs such as antiretrovirals for HIV and neuraminidase inhibitors (e.g., oseltamivir) for
influenza

• Diagnostic tools including PCR-based tests and serological assays for antibody detection

The field is also essential for responding to emerging infectious diseases. Outbreaks of COVID-19, Ebola,
and Zika virus all required rapid viral characterization, development of surveillance systems, and design of
containment strategies.
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A newer frontier is oncolytic virotherapy, where engineered viruses selectively infect and destroy cancer
cells. Viral vectors are also central to CAR-T cell therapy, in which a patient's immune cells are modified to
target tumors. Researchers are additionally exploring bacteriophages as potential alternatives to antibiotics
for treating drug-resistant bacterial infections.

Interdisciplinary Nature of Virology

Molecular and Cellular Biology Connections
Virology draws heavily on molecular biology, genetics, and biochemistry. Techniques like molecular
cloning, site-directed mutagenesis, and protein expression are standard tools for dissecting how viruses
function at the molecular level.

Immunology is especially tightly linked to virology. Understanding how innate and adaptive immune
responses combat viral infections is essential for designing vaccines and immunotherapies. Equally
important is studying how viruses evade immune detection, since these evasion strategies often explain
why certain infections persist or recur.

Public Health and Epidemiology Integration
Epidemiologists and virologists work together to track viral spread through populations, design intervention
strategies like vaccination campaigns and quarantine measures, and manage outbreaks through
surveillance systems.

Evolutionary biology intersects with virology in studying how viruses adapt to new hosts. Phylogenetic
analysis traces viral lineages and transmission patterns, which is crucial for understanding zoonotic
spillover events where viruses jump from animal reservoirs to humans.

Interdisciplinary Approaches and Techniques
• Structural biology: X-ray crystallography and cryo-electron microscopy (cryo-EM) reveal the
three-dimensional architecture of viral particles. These structures inform the design of antiviral drugs
that target specific viral proteins, such as fusion inhibitors that block viral entry into cells.

• Bioinformatics and computational biology: Viral genome analysis, protein structure prediction, and
mathematical modeling of viral dynamics all depend on computational approaches. These tools are
essential for rapid strain identification during outbreaks.

• Ecology and environmental science: Viral ecology examines how environmental factors like climate
change and habitat disruption affect viral transmission, how wildlife populations serve as viral
reservoirs, and how viruses contribute to ecosystem balance and biodiversity.

1.2 Virus characteristics and properties
Viruses are fascinating microorganisms that blur the line between living and non-living. They're incredibly
tiny parasites that hijack cells to reproduce, lacking the machinery for independent life. Their simple yet
diverse structures allow them to infect a wide range of hosts.

Viral characteristics set them apart from other microbes. They're much smaller than bacteria, can't grow or
divide on their own, and have simpler genetic structures. Understanding these properties is key to grasping
how viruses spread, cause disease, and evolve.
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Virus Properties and Characteristics

Fundamental Nature of Viruses
• Viruses function as non-cellular, obligate intracellular parasites requiring host cells for replication

• Viruses lack organelles, ribosomes, and cellular machinery needed for independent metabolism and
reproduction

• Viral replication occurs by hijacking host cell machinery to produce viral components and assemble
new virus particles

• Viruses exist in two states

• Extracellular virion form (inactive)

• Intracellular replicative form (active)

Viral Structure and Genome
• Basic virus structure comprises genetic material (DNA or RNA) enclosed within a protein coat called a
capsid

• Viral genomes exhibit diversity

• Single-stranded or double-stranded

• Composed of either DNA or RNA, never both

• Can be segmented or non-segmented

• May contain additional structures (5' cap, 3' poly-A tail)

• Viruses display extreme size diversity, ranging from ~20 nanometers to over 1000 nanometers in
diameter (bacteriophages, mimiviruses)

Viruses vs Other Microorganisms

Distinguishing Characteristics
• Viruses lack cellular structure and independent reproductive ability, unlike living organisms (bacteria,
fungi, protozoa)

• Viruses measure significantly smaller than most microorganisms, with the largest viruses smaller than
the smallest bacteria (poxviruses vs mycoplasmas)

• Viruses contain nucleic acids and possess more complex structures compared to prions (infectious
proteins)

• Viruses differ from genetic elements like plasmids and transposons

• Can exist outside host cells

• Have mechanisms for cell entry and exit

Unique Viral Properties
• Viruses do not grow or undergo cell division, instead assembling from pre-formed components
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• Viral genetic structure appears much simpler than cellular organisms, often containing only a few
genes

• Viruses can infect organisms across all domains of life, including other microbes (bacteriophages,
virophages)

Virus Structure and Components

Viral Capsid and Envelope
• Viral capsid functions as a protein shell encapsulating and protecting the viral genome

• Capsid shapes vary

• Icosahedral (adenoviruses)

• Helical (tobacco mosaic virus)

• Complex (bacteriophages)

• Some viruses possess an envelope

• Lipid bilayer derived from host cell membranes

• Contains viral proteins and glycoproteins

• Examples include influenza virus and HIV

Viral Proteins and Enzymes
• Structural proteins form the capsid and other viral structures

• Non-structural proteins involve in viral replication and host cell interactions

• Some viruses contain enzymes within their virions

• Reverse transcriptase in retroviruses

• RNA-dependent RNA polymerase in some RNA viruses (influenza)

• Viral surface proteins (spike proteins) play crucial roles in host cell recognition and attachment
(SARS-CoV-2)

Structural Complexity
• Viral structure complexity varies greatly

• Simple non-enveloped viruses (poliovirus)

• Complex viruses with multiple capsid layers and elaborate surface structures (poxviruses)

Virus Infectivity and Host Specificity

Virus Infectivity Concepts
• Virus infectivity describes the ability of a virus to

• Enter a host cell
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• Replicate within the host

• Produce infectious progeny virions

• Viral infectivity quantification uses measures such as

• Plaque-forming units (PFU)

• Tissue culture infectious dose (TCID50)

Host Specificity and Tropism
• Host specificity defines the range of host species or cell types a virus can infect

• Determined by

• Presence of specific receptors on host cells

• Corresponding viral attachment proteins

• Tissue tropism explains why certain viruses preferentially infect specific tissues or organs within a host
organism (hepatitis B virus targets liver cells)

• Host range varies

• Narrow (infecting one or few closely related species)

• Broad (infecting a wide range of hosts across different taxonomic groups)

Zoonotic Viruses and Host Factors
• Zoonotic viruses cross species barriers, infecting both animals and humans (rabies virus, influenza A
virus)

• Often lead to emerging infectious diseases

• Factors influencing host specificity include

• Viral surface proteins

• Host cell receptors

• Intracellular factors required for viral replication

• Host's immune response

1.3 Principles of virus taxonomy and classification systems
Virus classification is a complex puzzle. Scientists use genomic, structural, and host-related clues to group
viruses into families, genera, and species. It's like organizing a massive viral family tree, with each branch
revealing unique traits and relationships.

The International Committee on Taxonomy of Viruses (ICTV) plays referee in this viral sorting game. They
set the rules, maintain order, and keep everyone on the same page. But it's not easy – viruses are
constantly evolving, making classification an ongoing challenge.
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Virus Classification Principles

Genomic and Structural Characteristics
• Virus classification utilizes multiple characteristics including genomic composition (DNA or RNA),
nucleic acid structure (single-stranded or double-stranded), presence or absence of an envelope, and
virion morphology

• Host range and cell tropism reflect virus's ability to infect specific organisms or cell types (human
immunodeficiency virus targets CD4+ T cells)

• Genetic similarity and phylogenetic relationships determined through sequence analysis and
comparative genomics inform modern virus taxonomy

• Replication strategies and mechanisms of gene expression distinguish between different viral groups
(lytic vs lysogenic cycles)

Antigenic and Pathogenic Properties
• Antigenic properties determined by virus's surface proteins play a role in classification and are
important for serological studies and vaccine development

• Pathogenicity and disease manifestation in hosts provide additional information for virus classification
(influenza viruses causing respiratory infections)

• Combination of antigenic and pathogenic criteria with other factors enhances accuracy of
classification

Taxonomic Levels in Viruses

Hierarchical Classification System
• Virus classification includes four main taxonomic levels: order, family, genus, and species

• Species represent the most fundamental unit of virus taxonomy defined as a monophyletic group of
viruses with a specific ecological niche

• Genera (singular: genus) group closely related viruses with common genetic and biological properties

• Families based on shared morphological and genomic features among member viruses

• Orders represent the highest level of classification grouping related families with similar characteristics

• Some viruses classified into subfamilies between family and genus levels providing additional
organization for complex viral groups

Naming Conventions
• Virus orders denoted by suffix "-virales" (Mononegavirales)

• Virus families identified by suffix "-viridae" (Herpesviridae)

• Genera designated by suffix "-virus" (Orthopoxvirus)

• Subfamilies use suffix "-virinae" when applicable (Alphaherpesvirinae)

• Species names typically include host organism and disease caused (Zaire ebolavirus)
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Role of ICTV in Virus Classification

Standardization and Maintenance
• ICTV develops refines and maintains universal taxonomic scheme for viruses

• Establishes standardized naming conventions and classification criteria ensuring consistency across
scientific community

• Regularly publishes updated reports on virus taxonomy incorporating new discoveries and revisions

• Maintains open proposal system allowing researchers to submit new taxa or classification changes for
review

International Coordination
• Coordinates international efforts in virus classification through system of study groups

• Each study group focuses on specific viral families or groups (Herpesviridae Study Group)

• Integrates traditional phenotypic classification methods with modern molecular and genomic
approaches

• Facilitates collaboration between virologists worldwide to improve classification systems

Challenges in Virus Classification

Evolutionary and Genomic Complexities
• Rapid evolution and high mutation rates in viruses blur taxonomic boundaries especially for RNA
viruses

• Horizontal gene transfer and recombination events lead to mosaic genomes complicating
phylogenetic analysis

• Discovery of novel viruses through metagenomic studies often yields incomplete genomic data
making definitive classification challenging

• Vast diversity of viruses including many yet undiscovered poses ongoing challenges for
comprehensive classification

Unconventional Viral Entities
• Classification of satellite viruses viroids and other subcellular infectious agents presents unique
challenges

• Dependence on helper viruses or unconventional replication mechanisms complicates traditional
classification methods

• Differences between prokaryotic and eukaryotic viruses in replication strategies and host interactions
make uniform classification criteria difficult to apply

• Balancing stable taxonomic framework with rapid pace of viral discovery requires ongoing revision and
adaptation of classification systems
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1.4 Major virus families and their distinguishing features
Viruses come in many shapes and sizes, each with unique features. From DNA viruses like herpes to RNA
viruses like flu, they all have special ways of infecting cells and making us sick. Some even cause cancer
or lifelong infections.

Understanding virus families helps us fight diseases and make vaccines. Whether it's COVID-19 or HIV,
knowing how these tiny invaders work is key to keeping people healthy and stopping outbreaks before they
start.

Major Virus Families

DNA Virus Families
• Herpesviridae includes Herpes Simplex Virus (HSV-1 and HSV-2), Varicella-Zoster Virus (VZV),
Epstein-Barr Virus (EBV), and Cytomegalovirus (CMV)

• Poxviridae encompasses Variola virus (smallpox) and Vaccinia virus

• Adenoviridae comprises various human adenoviruses responsible for respiratory and gastrointestinal
infections

• Papillomaviridae contains Human Papillomavirus (HPV) types, some associated with cervical cancer

• Polyomaviridae includes JC virus and BK virus, which can cause serious infections in
immunocompromised individuals

• Parvoviridae contains B19 virus, which causes erythema infectiosum (fifth disease) in children

RNA Virus Families
• Coronaviridae includes SARS-CoV, MERS-CoV, and SARS-CoV-2 (responsible for COVID-19)

• Orthomyxoviridae encompasses Influenza A, B, and C viruses

• Paramyxoviridae contains measles virus, mumps virus, and respiratory syncytial virus (RSV)

• Rhabdoviridae includes rabies virus and vesicular stomatitis virus

• Filoviridae comprises Ebola virus and Marburg virus

• Picornaviridae contains poliovirus, rhinovirus, and hepatitis A virus

• Flaviviridae includes dengue virus, Zika virus, and hepatitis C virus

• Togaviridae encompasses rubella virus and chikungunya virus

Unique Replication Strategy Viruses
• Retroviridae includes Human Immunodeficiency Virus (HIV) and Human T-cell Lymphotropic Virus
(HTLV)

• Hepadnaviridae contains hepatitis B virus, which uses reverse transcription in its replication cycle



Fiveable archived study guides Page 11

Distinguishing Features of Virus Families

Morphological Characteristics
• Herpesviridae viruses have a large, double-stranded DNA genome enclosed in an icosahedral capsid
surrounded by a tegument and lipid envelope

• Poxviridae viruses are large, complex viruses with a double-stranded DNA genome and a distinctive
brick-shaped morphology

• Adenoviridae viruses have a non-enveloped, icosahedral capsid containing a double-stranded DNA
genome with characteristic fiber proteins extending from the vertices

• Coronaviridae viruses possess a positive-sense, single-stranded RNA genome enclosed in a helical
nucleocapsid and surrounded by a lipid envelope with distinctive spike proteins

• Orthomyxoviridae viruses have a segmented, negative-sense, single-stranded RNA genome enclosed
in a helical nucleocapsid and surrounded by a lipid envelope with surface glycoproteins

• Filoviridae viruses have a filamentous or thread-like appearance with a lipid envelope and a
negative-sense, single-stranded RNA genome

Genetic Features
• Retroviridae viruses contain two copies of a positive-sense, single-stranded RNA genome, which
undergoes reverse transcription into DNA during replication

• Flaviviridae viruses have a positive-sense, single-stranded RNA genome enclosed in an icosahedral
capsid surrounded by a lipid envelope

• Parvoviridae viruses possess a small, single-stranded DNA genome, making them among the
smallest known viruses

• Hepadnaviridae viruses have a partially double-stranded DNA genome that replicates through an RNA
intermediate using reverse transcription

• Polyomaviridae viruses contain a small, circular double-stranded DNA genome that replicates in the
nucleus of host cells

Genome Types and Replication Strategies

DNA Virus Replication
• DNA viruses include Herpesviridae, Poxviridae, Adenoviridae, Papillomaviridae, Polyomaviridae, and
Parvoviridae

• These viruses typically replicate in the nucleus, with some exceptions like Poxviridae which replicates
in the cytoplasm

• DNA viruses often utilize host cell machinery for genome replication and transcription

• Some DNA viruses (Herpesviridae) establish latent infections by maintaining their genome in host
cells without active replication
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RNA Virus Replication
• RNA viruses include Coronaviridae, Orthomyxoviridae, Paramyxoviridae, Rhabdoviridae, Filoviridae,
Picornaviridae, Flaviviridae, and Togaviridae

• These viruses generally replicate in the cytoplasm of host cells

• Positive-sense RNA viruses (Coronaviridae, Flaviviridae) have genomes that can serve directly as
mRNA for protein synthesis

• Negative-sense RNA viruses (Orthomyxoviridae, Paramyxoviridae) require RNA-dependent RNA
polymerase to produce mRNA before protein synthesis can occur

• Some RNA viruses (Orthomyxoviridae) have segmented genomes, allowing for genetic reassortment
between different strains

Unique Replication Strategies
• Retroviruses (Retroviridae) have a unique replication strategy involving reverse transcription of their
RNA genome into DNA, which integrates into the host genome

• Hepadnaviridae viruses have a partially double-stranded DNA genome but replicate through an RNA
intermediate, utilizing reverse transcription

• Some viruses (Orthomyxoviridae) use cap-snatching to obtain 5' caps for their mRNAs from host cell
transcripts

Clinically and Economically Important Viruses

Respiratory and Systemic Pathogens
• Herpesviridae Herpes Simplex Virus causes cold sores and genital herpes

• Varicella-Zoster Virus leads to chickenpox and shingles

• Epstein-Barr Virus associates with infectious mononucleosis and certain cancers (nasopharyngeal
carcinoma)

• Orthomyxoviridae Influenza viruses cause annual epidemics and occasional pandemics

• Result in significant morbidity, mortality, and economic losses due to healthcare costs and lost
productivity

• Coronaviridae SARS-CoV-2, the causative agent of COVID-19, has had massive global health and
economic impacts

• MERS-CoV and SARS-CoV have also caused significant outbreaks with high mortality rates

Oncogenic and Chronic Disease-Associated Viruses
• Papillomaviridae Certain Human Papillomavirus types associate with cervical, anal, and
oropharyngeal cancers

• Significant in public health due to their role in cancer development and the importance of vaccination
programs

• Retroviridae HIV, the causative agent of AIDS, has had a profound impact on global health
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• HTLV associates with certain types of leukemia and neurological disorders

• Hepadnaviridae Hepatitis B virus causes acute and chronic liver infections

• Can lead to cirrhosis and hepatocellular carcinoma, making it a major global health concern

Vector-Borne and Zoonotic Viruses
• Flaviviridae Dengue virus, Zika virus, and Yellow fever virus are important arthropod-borne pathogens
affecting millions globally

• Hepatitis C virus causes chronic liver disease and is a leading cause of liver transplantation

• Filoviridae Ebola virus causes severe hemorrhagic fever with high mortality rates

• Outbreaks have significant economic impacts on affected regions due to disruption of trade and
healthcare systems

• Rhabdoviridae Rabies virus remains a significant public health concern, especially in developing
countries

• Requires expensive post-exposure prophylaxis and can be fatal if left untreated



Fiveable archived study guides Page 14

Unit 2 – Virus Structure and Components
2.1 Viral capsid structures and symmetry
Viral capsids are the protein shells that protect a virus's genetic material. They come in different shapes
and sizes, with icosahedral (spherical) and helical (rod-shaped) being the main types. These structures
play a crucial role in how viruses infect cells and survive outside their hosts.

Capsids are made up of smaller units called capsomeres, which fit together like puzzle pieces. The way
these pieces arrange determines the capsid's shape and affects how the virus interacts with host cells,
evades the immune system, and withstands environmental stresses.

Viral Capsid Structure

Protein Shell Composition and Function
• Virus capsids form protein shells enclosing and protecting viral genomes

• Capsids comprise multiple copies of protein subunits called capsomeres

• Capsomere arrangement determines overall capsid geometric shape

• Capsid proteins often contain specific binding sites for host cell receptors

• These binding sites play a crucial role in viral attachment and entry

• Some viruses have additional structural features

• Lipid envelope surrounding the capsid

• Protein spikes protruding from capsid surface

Capsid Size and Diversity
• Viral capsid size ranges from ~20 to 400 nanometers in diameter

• Larger viruses generally have more complex capsid structures

• Two main categories of capsids based on symmetry

• Icosahedral (spherical)

• Helical (rod-shaped)

• Capsid structure varies among virus types

• Influences viral properties and behavior

Icosahedral vs Helical Symmetry

Structural Characteristics
• Icosahedral capsids

• Spherical or near-spherical shape

• 20 triangular faces and 12 vertices



Fiveable archived study guides Page 15

• Composed of pentamers and hexamers of capsid proteins

• More rigid structure

• Helical capsids

• Rod-like or filamentous structure

• Formed by a single type of capsomere arranged in a spiral

• More flexible structure, allowing variation in length

Assembly and Genome Packing
• Icosahedral symmetry

• Allows efficient packing of subunits to enclose spherical space

• Assembly often occurs from preformed capsomere clusters

• Helical symmetry

• More suitable for enclosing linear genomes

• Forms by sequential addition of subunits to one end

• Icosahedral capsids common in DNA viruses and some RNA viruses

• Helical capsids predominantly found in RNA viruses (particularly single-stranded)

Capsid Structure and Viral Function

Environmental Stability and Protection
• Capsid structure influences virus's ability to withstand environmental stresses

• Temperature changes

• pH variations

• Enzymatic degradation

• Capsid stability crucial for

• Protecting viral genome during transmission between hosts

• Maintaining infectivity outside host cell

Host Cell Interaction and Entry
• Capsid protein arrangement determines positioning of receptor binding sites

• Affects virus's ability to recognize and attach to host cells

• Capsid structure influences mechanism of viral entry (endocytosis, membrane fusion)

• Some capsids allow conformational changes upon host cell interaction

• Facilitates release of viral genome into host cell
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Immune Evasion and Replication
• Certain capsid structures can evade or modulate host immune responses

• Contributes to virus's overall infectivity and persistence

• Capsid structural integrity essential for proper assembly and disassembly

• Crucial during viral replication cycle

Capsomere Types and Assembly

Basic Capsomere Structures
• Capsomeres serve as basic building blocks of viral capsids

• Typically composed of multiple copies of one or more capsid proteins

• Common capsomere types

• Pentamers (five protein subunits)

• Hexamers (six protein subunits)

• Monomers (single protein subunits in helical capsids)

• Specialized capsomeres in some viruses

• Trimers (three protein subunits)

• Dimers (two protein subunits)

Capsomere Roles and Interactions
• Pentamers often found at vertices of icosahedral capsids

• Crucial for initiating capsid curvature

• Hexamers form faces of icosahedral capsids

• Contribute to overall capsid structure

• In helical capsids, single protein subunits polymerize to form helical structure

• Capsomeres interact through non-covalent bonds

• Allows for reversible assembly and disassembly of capsid

• Arrangement and interactions between capsomere types determine

• Final capsid geometry

• Overall capsid stability

2.2 Enveloped and non-enveloped viruses
Viruses come in two main flavors: enveloped and non-enveloped. The envelope is like a stolen jacket from
the host cell, giving some viruses extra tricks for infection. But it's not all good - this coat makes them more
vulnerable to certain attacks.
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Non-enveloped viruses are tougher cookies, surviving harsh conditions better. But they miss out on some
sneaky infection moves. This difference shapes how viruses spread, survive, and evolve. It's key to
understanding their behavior and how to fight them.

Enveloped vs Non-enveloped Viruses

Structural Differences and Composition
• Enveloped viruses possess an outer lipid bilayer membrane derived from host cell membranes

• Non-enveloped viruses lack this additional layer, typically having a protein capsid as their outermost
layer

• Viral envelope contains viral glycoproteins playing crucial roles in host cell recognition, attachment,
and entry

• Protein capsid in non-enveloped viruses provides protection for the viral genome

• Envelope composition varies among virus families, reflecting adaptations to specific host
environments and transmission routes

• Some envelopes incorporate host cell proteins, aiding in immune evasion or providing additional
functionalities

Susceptibility and Stability
• Enveloped viruses demonstrate greater susceptibility to environmental factors and disinfectants
compared to non-enveloped viruses

• Non-enveloped viruses exhibit higher resistance to heat, desiccation, and UV radiation

• Lipid solvents and detergents more effectively inactivate enveloped viruses

• Enveloped viruses show increased sensitivity to neutralization by host antibodies targeting envelope
proteins

• Non-enveloped viruses tend to survive longer on surfaces and in various environmental conditions

Examples and Transmission Routes
• Enveloped virus examples include influenza, HIV, and SARS-CoV-2

• Non-enveloped virus examples include poliovirus, adenovirus, and norovirus

• Enveloped viruses often associated with respiratory or bloodborne transmission routes

• Non-enveloped viruses more commonly linked to fecal-oral transmission

• Presence or absence of an envelope influences viral stability, transmission routes, and host range

• Understanding these differences crucial for developing effective public health measures and
intervention strategies
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Composition and Function of the Viral Envelope

Structural Components
• Viral envelope primarily composed of a lipid bilayer derived from the host cell membrane during
budding process

• Viral envelope proteins, including glycoproteins, embedded within the lipid bilayer

• Fusion proteins facilitate merging of viral and host cell membranes during viral entry

• Envelope provides protection for internal components (nucleocapsid and genome) during extracellular
transit

• Composition varies among virus families, reflecting adaptations to specific host environments

• Some envelopes incorporate host cell proteins, aiding in immune evasion or providing additional
functionalities

Functional Roles
• Envelope proteins play essential roles in virus-host interactions

• Glycoproteins mediate host cell recognition and attachment

• Fusion proteins enable viral entry through membrane fusion mechanisms

• Envelope allows for greater flexibility in altering surface proteins to evade host immune responses

• Incorporation of host cell proteins can aid in immune evasion or enhance cellular entry

• Envelope facilitates budding from host cells without necessarily causing cell lysis, allowing for
persistent infections

Evolutionary Implications
• Presence of envelope influences viral evolution

• Allows for more rapid antigenic drift and shift in surface proteins

• Envelope composition adaptations reflect specific host environments and transmission routes

• Trade-offs between advantages and disadvantages of envelopes lead to diverse viral strategies

• Envelope proteins serve as targets for host immune responses and antiviral therapies

• Understanding envelope composition and function crucial for vaccine development and antiviral drug
design

Advantages and Disadvantages of Viral Envelopes

Advantages of Viral Envelopes
• Enhanced ability to enter host cells through membrane fusion mechanisms

• Greater flexibility in altering surface proteins to evade host immune responses

• Potential for incorporating host cell proteins to aid in immune evasion or cellular entry
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• Ability to bud from host cells without necessarily causing cell lysis, allowing for persistent infections

• Facilitation of more diverse and complex virus-host interactions

• Potential for broader host range due to adaptable surface proteins

Disadvantages of Viral Envelopes
• Increased susceptibility to environmental factors (heat, desiccation, UV radiation)

• Greater sensitivity to lipid solvents and detergents, making enveloped viruses easier to inactivate

• Potential for neutralization by host antibodies targeting envelope proteins

• More complex assembly and release processes compared to non-enveloped viruses

• Generally shorter survival time outside the host organism

• Increased vulnerability to certain types of immune responses targeting envelope components

Evolutionary Trade-offs
• Balance between advantages and disadvantages leads to diverse viral strategies

• Envelope presence influences viral adaptation to different environments and host species

• Trade-offs affect transmission dynamics, host range, and viral persistence

• Enveloped viruses often evolve mechanisms to compensate for environmental sensitivity

• Non-enveloped viruses develop alternative strategies for cell entry and immune evasion

• Understanding these trade-offs crucial for predicting viral behavior and developing control strategies

Envelope Presence and Virus Transmission

Environmental Stability and Transmission
• Enveloped viruses generally less stable in the environment compared to non-enveloped viruses

• Non-enveloped viruses tend to survive longer on surfaces and in various environmental conditions

• Envelope presence often results in respiratory or bloodborne transmission routes

• Non-enveloped viruses more commonly associated with fecal-oral transmission

• Fragility of enveloped viruses can limit spread through indirect contact or fomites

• Non-enveloped viruses show enhanced ability to spread through contaminated water or food sources

Infection Control and Public Health Implications
• Enveloped viruses more susceptible to inactivation by alcohol-based disinfectants and lipid solvents

• Influences infection control strategies in healthcare settings (hand hygiene protocols, surface
disinfection)

• Non-enveloped viruses require more robust disinfection methods (chlorine-based products, prolonged
contact times)
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• Understanding envelope presence crucial for developing effective public health measures

• Impacts design of appropriate disinfection protocols and targeted intervention strategies

• Influences risk assessment and management in various settings (hospitals, schools, public spaces)

Vaccine Development and Storage
• Stability differences impact vaccine development and storage requirements

• Enveloped virus vaccines often require more stringent cold chain management

• Non-enveloped virus vaccines may demonstrate greater thermostability

• Envelope presence influences choice of vaccine platforms and delivery methods

• Impacts strategies for global vaccine distribution and implementation

• Understanding these factors crucial for effective immunization programs and pandemic preparedness

2.3 Viral proteins and their functions
Viral proteins are the workhorses of viruses, performing crucial roles in their life cycles. From building the
virus structure to hijacking host cells, these proteins come in different types: structural, non-structural, and
regulatory. Each type has specific jobs that help viruses survive and spread.

Viral proteins are incredibly diverse and multifunctional. They protect the viral genome, help viruses enter
cells, replicate, and even dodge our immune system. Some viral proteins are so sneaky they can take over
our cellular machinery, turning our own cells into virus factories.

Viral Protein Types and Roles

Structural, Non-Structural, and Regulatory Proteins
• Viral proteins categorized into structural, non-structural, and regulatory proteins serve distinct
functions in viral life cycle

• Structural proteins form physical structure of virus particle and protect viral genome

• Include capsid proteins and envelope proteins

• Non-structural proteins involved in viral genome replication, transcription, and protein processing

• Include viral enzymes and replication proteins

• Regulatory proteins control viral gene expression and modulate host cell processes to favor viral
replication

• Accessory proteins enhance viral fitness and contribute to pathogenesis

• Not essential for viral replication

Multifunctionality and Diversity
• Many viral proteins perform different roles at various stages of viral life cycle

• Composition and functions of viral proteins vary significantly between virus families

• Reflect diverse replication strategies
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• Protein functions can include genome protection, host cell entry, replication, and immune evasion

• Some viral proteins interact with host cellular components to hijack cellular machinery (ribosomes)

Capsid Proteins in Virus Structure

Structural Role and Assembly
• Capsid proteins form primary structural components of viral protein shell (capsid) encasing and
protecting viral genome

• Self-assemble into specific geometric structures determined by virus type and size

• Icosahedral formations (adenoviruses)

• Helical formations (tobacco mosaic virus)

• Binding sites on capsid proteins facilitate packaging of genetic material during virus assembly

• In enveloped viruses, capsid proteins interact with envelope proteins maintaining structural integrity of
virion

• Assembly of capsid proteins highly regulated process

• Often involves interactions with cellular chaperones and other viral proteins

Functional Aspects of Capsid Proteins
• Some capsid proteins play role in receptor recognition and binding during initial stages of viral entry
into host cells

• Undergo conformational changes in response to environmental triggers

• Facilitate processes such as cell entry or genome release

• Can shield viral genome from host immune responses (nucleocapsid proteins of coronaviruses)

• May contain nuclear localization signals guiding viral genome to host cell nucleus (hepatitis B virus
core protein)

Viral Enzymes in Replication

RNA Virus Replication Enzymes
• RNA-dependent RNA polymerases essential for replication of RNA virus genomes

• Transcribe viral mRNAs in negative-sense RNA viruses (influenza virus)

• Reverse transcriptases in retroviruses convert viral RNA genomes into DNA for integration into host
genome (HIV)

• Some RNA viruses encode methyltransferases and other enzymes for capping and modifying viral
mRNAs

• Mimic host cell mRNAs and evade immune detection (flaviviruses)
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DNA Virus Replication Enzymes
• DNA-dependent DNA polymerases utilized by some DNA viruses for genome replication

• Used when host cell polymerases are insufficient (poxviruses)

• Helicases unwind double-stranded DNA during replication (herpes simplex virus)

• Primases synthesize short RNA primers for DNA replication initiation (bacteriophage T7)

Proteases and Integrases
• Proteases cleave viral polyproteins into functional individual proteins

• Critical step in maturation of many viruses (HIV protease)

• Integrases in retroviruses catalyze integration of viral DNA into host cell genome (HIV integrase)

Attachment and Fusion Proteins in Entry

Attachment Proteins and Viral Tropism
• Attachment proteins on viral surface recognize and bind to specific receptors on host cells

• Initiate entry process

• Specificity of attachment proteins largely determines viral tropism

• Influences which cell types and organisms virus can infect

• Examples of attachment proteins include:

• Hemagglutinin in influenza viruses

• Spike protein in coronaviruses

Fusion Proteins and Membrane Merging
• Fusion proteins mediate merging of viral and cellular membranes

• Allow viral genome to enter host cell cytoplasm

• Undergo conformational changes triggered by receptor binding or environmental factors like pH

• Expose fusion peptides

• Some viruses use single protein for both attachment and fusion

• Others have separate proteins for these functions

• Examples of fusion proteins:

• Gp41 in HIV

• F protein in paramyxoviruses

Impact on Viral Infectivity
• Efficiency of attachment and fusion processes significantly impact viral infectivity
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• Affect speed of viral spread within host

• Understanding structure and function of attachment and fusion proteins crucial for:

• Developing antiviral therapies

• Creating vaccines targeting viral entry

2.4 Viral nucleic acids and genome types
Viral nucleic acids come in two flavors: DNA and RNA. These genetic blueprints dictate how viruses
replicate and evolve. DNA viruses tend to be more stable, while RNA viruses mutate faster, leading to
quick adaptations.

The Baltimore classification system groups viruses based on their genome type and replication strategy.
This helps scientists understand how different viruses infect cells and make copies of themselves. Some
viruses even split their genomes into segments, adding another layer of complexity.

DNA vs RNA Genomes

Structural Differences and Replication Sites
• DNA viral genomes exist as single-stranded or double-stranded, linear or circular structures

• RNA viral genomes typically appear as single-stranded and linear molecules

• DNA viruses generally replicate within the host cell nucleus

• RNA viruses typically carry out replication in the cytoplasm

• DNA viruses often encode their own DNA polymerases for replication

• RNA viruses require RNA-dependent RNA polymerases or reverse transcriptases

Genome Stability and Mutation Rates
• DNA viral genetic material demonstrates higher stability

• DNA viruses exhibit lower mutation rates compared to RNA viruses

• RNA viral genomes show increased susceptibility to mutations

• Higher mutation rates in RNA viruses contribute to rapid evolution and adaptability

• DNA viruses generally possess larger genomes than RNA viruses (ranges from 3.2 kb for hepatitis B
virus to 2400 kb for pandoraviruses)

• RNA virus genome sizes typically span from 3 kb (bacteriophage MS2) to 32 kb (coronaviruses)

RNA Genome Types and Integration
• RNA viral genomes classified as positive-sense, negative-sense, or ambisense

• Each RNA genome type necessitates distinct replication strategies

• Some DNA viruses can integrate their genomes into host cell DNA (human papillomavirus)

• Integration process rarely observed in RNA viruses, with exceptions (retroviruses)
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Viral Genome Classification

Baltimore Classification System
• Categorizes viruses into seven classes based on nucleic acid type and replication strategy

• Class I: Double-stranded DNA genomes (herpesviruses, adenoviruses)

• Class II: Single-stranded DNA genomes (parvoviruses)

• Class III: Double-stranded RNA genomes (reoviruses)

• Class IV: Positive-sense single-stranded RNA genomes (picornaviruses, flaviviruses)

• Class V: Negative-sense single-stranded RNA genomes (orthomyxoviruses, rhabdoviruses)

• Class VI: Positive-sense single-stranded RNA viruses using reverse transcription (retroviruses)

• Class VII: Double-stranded DNA genomes using reverse transcription (hepadnaviruses)

Genome Structure and Replication Strategies
• Class I viruses utilize host cell DNA polymerases for genome replication

• Class IV viruses can immediately begin protein synthesis upon cell entry

• Class V viruses must first synthesize complementary positive-sense RNA before protein production

• Class VI and VII viruses require reverse transcription as part of their replication cycle

• Genome structure influences cellular localization of viral replication (nucleus for DNA viruses,
cytoplasm for RNA viruses)

• Genome complexity often correlates with sophistication of replication strategies

• More complex genomes enable greater manipulation of host cell processes (poxviruses)

Genome Segmentation in Viruses

Characteristics and Distribution
• Genome segmentation involves division of viral genome into multiple discrete nucleic acid molecules

• More prevalent in RNA viruses, but also occurs in some DNA viruses

• Number of segments varies from two (arenaviruses) to twelve (some reoviruses)

• Each segment typically encodes one or more specific viral proteins

• Individual segments may possess their own regulatory elements

• Segmentation allows for genetic reassortment during co-infection (influenza viruses)

• Proper packaging of all segments into a single virion crucial for maintaining infectivity

Implications for Viral Evolution
• Genome segmentation contributes to viral evolution through genetic reassortment

• Reassortment can lead to emergence of new strains with altered virulence or host range
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• Facilitates rapid adaptation to new environments or hosts

• Presents unique challenges in virus assembly and packaging

• Segmented genomes may offer advantages in gene regulation and expression

• Allows for modular evolution of viral components (influenza virus surface proteins)

Genome Type and Replication Strategies

DNA Virus Replication
• DNA viruses generally utilize host cell DNA polymerases for genome replication

• Replication typically occurs in the nucleus (exceptions include poxviruses)

• Some DNA viruses encode their own DNA polymerases (herpes simplex virus)

• DNA viruses often manipulate host cell cycle to optimize replication conditions

• Integration into host genome observed in some DNA viruses (human papillomavirus)

RNA Virus Replication
• RNA viruses require specialized viral enzymes for replication

• Positive-sense RNA viruses use their genome directly as mRNA for protein synthesis

• Negative-sense RNA viruses must first synthesize complementary positive-sense RNA

• Retroviruses employ reverse transcription to convert RNA genome into DNA

• RNA virus replication generally occurs in the cytoplasm (exceptions include influenza viruses)

Replication Fidelity and Evolution
• Error rates during replication higher in RNA viruses compared to DNA viruses

• Higher mutation rates in RNA viruses lead to more rapid evolution and adaptability

• DNA viruses exhibit greater genome stability and lower mutation frequencies

• Replication fidelity influences viral population diversity and adaptability to host defenses

• Some RNA viruses possess error-correction mechanisms to maintain genome integrity
(coronaviruses)
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Unit 3 – Viral Genomes and Genome
Organization
3.1 DNA and RNA viral genomes
Viral genomes come in two flavors: DNA and RNA. Each type has unique features that affect how viruses
replicate, evolve, and interact with their hosts. Understanding these differences is key to grasping viral
behavior and developing strategies to combat them.

DNA viruses tend to have larger, more stable genomes that replicate in the nucleus. RNA viruses, on the
other hand, have smaller, more mutation-prone genomes that usually replicate in the cytoplasm. These
distinctions shape viral life cycles and impact how they evade host defenses.

DNA vs RNA Genomes

Molecular Composition and Structure
• DNA viral genomes consist of deoxyribonucleic acid while RNA viral genomes contain ribonucleic acid
resulting in fundamental differences in their chemical structure and properties

• DNA viral genomes can be single-stranded or double-stranded, linear or circular while RNA viral
genomes are typically single-stranded but can also be double-stranded in some cases (rotaviruses)

• The sugar component in DNA viral genomes involves deoxyribose whereas RNA viral genomes
contain ribose affecting the overall stability and flexibility of the genetic material

• DNA viral genomes utilize thymine as one of the four nucleotide bases while RNA viral genomes
replace thymine with uracil

• Molecular weight and size of DNA viral genomes are generally larger than RNA viral genomes with
some exceptions (mimivirus)

• DNA genomes range from a few thousand base pairs to over a million base pairs

• RNA genomes typically range from a few thousand to tens of thousands of bases

Genome Organization and Complexity
• DNA viruses like herpesviruses have complex genomes with multiple genes and regulatory elements
while RNA viruses often have more compact genomes with overlapping reading frames

• RNA viral genomes can be positive-sense, negative-sense, or ambisense each requiring different
replication strategies

• Positive-sense RNA genomes act as mRNA (hepatitis C virus)

• Negative-sense RNA genomes require complementary RNA synthesis (influenza virus)

• Ambisense RNA genomes contain both positive and negative-sense regions (arenaviruses)

• Many RNA viral genomes possess unique structures facilitating translation and replication

• Cap analogs mimic host mRNA 5' caps (flaviviruses)



Fiveable archived study guides Page 27

• Internal ribosome entry sites (IRES) allow cap-independent translation (picornaviruses)

• Genome-linked proteins (VPg) act as primers for RNA synthesis (poliovirus)

• Some DNA and RNA viral genomes exhibit segmentation where genetic material divides into multiple
distinct molecules

• Influenza viruses (RNA) have 8 segments

• Some bacteriophages (DNA) have segmented genomes (φ6 phage)

• Certain DNA and RNA viral genomes contain repetitive sequences or inverted terminal repeats
playing crucial roles in replication and packaging

• Adenoviruses (DNA) have inverted terminal repeats for replication initiation

• Bunyaviruses (RNA) have complementary terminal sequences for genome circularization

Implications of Genome Type

Replication Strategies and Cellular Localization
• DNA viruses typically replicate in the host cell nucleus utilizing host cell machinery for transcription
while most RNA viruses replicate in the cytoplasm using virus-encoded RNA-dependent RNA
polymerases

• Genome type influences the viral replication cycle

• DNA viruses often follow a DNA-to-RNA-to-protein pathway (herpes simplex virus)

• RNA viruses may directly produce proteins from genomic RNA (picornaviruses) or require an
intermediate step (retroviruses)

• RNA viral genomes particularly those of retroviruses can integrate into the host genome through
reverse transcription potentially leading to long-term persistence and altered host gene expression
(HIV)

Host Interactions and Immune Responses
• Genome type affects virus susceptibility to host antiviral responses with RNA viruses often triggering
different innate immune pathways compared to DNA viruses

• RNA viruses activate RIG-I-like receptors (RLRs) (influenza virus)

• DNA viruses stimulate cyclic GMP-AMP synthase (cGAS) (herpes simplex virus)

• Complexity and size of viral genomes influence their ability to encode proteins modulating host cell
processes and immune responses

• Larger DNA viruses generally have more diverse arsenals of immunomodulatory proteins (poxviruses)

• RNA viruses often encode multifunctional proteins to maximize coding capacity (flaviviruses)

• Genome type impacts virus ability to undergo recombination and reassortment which are important
mechanisms for viral evolution and emergence of new strains

• Influenza viruses (RNA) undergo frequent reassortment leading to antigenic shift

• Coronaviruses (RNA) exhibit high rates of recombination contributing to cross-species transmission
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Stability and Mutation Rates

Genome Stability and Mutation Frequency
• DNA viral genomes are generally more stable than RNA viral genomes due to inherent chemical
stability of DNA and presence of proofreading mechanisms in many DNA polymerases

• RNA viral genomes have higher mutation rates typically  to  mutations per nucleotide per
replication cycle compared to DNA viral genomes with rates around  to  mutations per
nucleotide per replication cycle

• Higher mutation rates of RNA viruses contribute to their rapid evolution and ability to escape host
immune responses but also increase likelihood of deleterious mutations

• DNA viruses often employ host cell DNA repair mechanisms to maintain genome integrity while RNA
viruses lack access to these systems contributing to their higher mutation rates

• Mismatch repair corrects DNA replication errors in herpesviruses

• Base excision repair removes damaged bases in poxviruses

Factors Influencing Mutation Rates
• Error-prone nature of RNA-dependent RNA polymerases which lack proofreading activity serves as a
major factor in high mutation rates observed in RNA viruses

• Concept of quasispecies a cloud of closely related viral variants appears more pronounced in RNA
virus populations due to their higher mutation rates affecting their adaptability and pathogenesis

• HIV exists as a diverse population of variants within a single host

• Hepatitis C virus quasispecies contribute to treatment resistance

• Stability differences between DNA and RNA viral genomes influence their persistence in the
environment and ability to maintain infectivity outside of host cells

• DNA viruses like smallpox can remain infectious in scabs for extended periods

• RNA viruses such as influenza are generally less stable outside the host

3.2 Genome structures and organization strategies
Viral genomes come in various shapes and sizes, each with unique strategies for replication and survival.
From tiny RNA strands to massive DNA molecules, these genetic blueprints dictate how viruses infect and
spread. Understanding their structure is key to grasping viral behavior and developing treatments.

Genome organization is a viral superpower. Through clever tricks like overlapping genes and alternative
splicing, viruses squeeze maximum information into minimal space. This efficiency allows them to rapidly
replicate and adapt, making them formidable foes in the microscopic world.

Viral Genome Structures

Linear, Circular, and Segmented Genomes
• Viral genomes consist of DNA or RNA with diverse structural configurations adapted to replication
strategies and host interactions
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• Linear genomes occur in many viruses (herpesviruses, influenza viruses) often with terminal
structures like telomeres or covalently attached proteins

• Circular genomes form covalently closed loops in viruses (papillomaviruses, polyomaviruses)
facilitating replication and gene expression

• Segmented genomes comprise multiple discrete nucleic acid molecules, each encoding one or more
genes (influenza viruses, reoviruses)

• Some viruses possess diploid genomes, carrying two copies of their genetic material (retroviruses)

• Viral genome sizes vary greatly, ranging from a few thousand nucleotides in small RNA viruses to
hundreds of thousands of base pairs in large DNA viruses

• Small RNA viruses (picornaviruses) typically have genomes around 7-8 kilobases

• Large DNA viruses (poxviruses) can have genomes exceeding 200 kilobases

Genome Composition and Size Variations
• Nucleic acid composition affects viral replication strategies and host cell interactions

• DNA viruses generally replicate in the nucleus, utilizing host cell machinery

• RNA viruses often replicate in the cytoplasm, requiring their own replication enzymes

• Genome size influences viral complexity and replication kinetics

• Smaller genomes (bacteriophages) allow for rapid replication cycles

• Larger genomes (herpesviruses) enable more complex gene regulation and host interactions

• Terminal structures play crucial roles in genome replication and stability

• Telomeres in linear genomes protect from degradation (adenoviruses)

• Covalently attached proteins can serve as primers for replication (parvoviruses)

Single-stranded vs Double-stranded Genomes

Single-stranded Genome Characteristics
• Single-stranded (ss) genomes exist as positive-sense (+) or negative-sense (-), determining their
immediate functionality upon host cell entry

• Positive-sense ssRNA genomes serve directly as mRNA for protein synthesis (picornaviruses,
flaviviruses)

• Allows for rapid initiation of viral protein production

• Requires less packaged viral enzymes

• Negative-sense ssRNA genomes require complementary RNA synthesis before protein production
(influenza viruses, rhabdoviruses)

• Necessitates packaging of viral RNA-dependent RNA polymerase

• Provides an additional layer of regulation in the viral life cycle
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• ssDNA genomes typically require conversion to a double-stranded form for replication and gene
expression (parvoviruses, circoviruses)

• Often rely on host cell machinery for second strand synthesis

• Can exploit host cell cycle phases for efficient replication

Double-stranded Genome Properties
• Double-stranded (ds) genomes, whether DNA or RNA, provide greater genetic stability but often
require more complex replication mechanisms

• dsDNA genomes (herpesviruses, adenoviruses) often mimic host chromosomes in structure and
replication

• Utilize host DNA replication machinery

• Can integrate into host genomes (retroviruses)

• dsRNA genomes (reoviruses) are less common and require specialized replication strategies

• Often remain encapsidated during replication to avoid triggering host immune responses

• Utilize segmented genome structures for efficient packaging and replication

• Genome structure influences susceptibility to host defense mechanisms

• dsRNA acts as a potent trigger for innate immune responses (interferon production)

• ssDNA and RNA can form secondary structures to evade host recognition

Genome Organization Strategies

Coding Capacity Maximization
• Overlapping genes allow multiple protein-coding sequences to share the same nucleotide sequence,
maximizing coding capacity in size-constrained genomes

• Hepatitis B virus uses this strategy extensively, with every nucleotide in its genome part of at least one
open reading frame

• Influenza A virus segment 8 encodes both NS1 and NEP proteins in overlapping reading frames

• Polyproteins are large precursor proteins cleaved into multiple functional proteins, efficiently encoding
the proteome of many RNA viruses

• Picornaviruses produce a single polyprotein that is cleaved into structural and non-structural proteins

• Flaviviruses use a polyprotein strategy for both structural and non-structural proteins

• Alternative splicing of viral mRNAs produces multiple protein isoforms from a single gene, increasing
genomic coding capacity

• HIV-1 generates over 40 different mRNA species through complex splicing patterns

• Adenoviruses use alternative splicing to produce different isoforms of their fiber protein
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Gene Expression Regulation
• Frameshifting or ribosomal slippage produces different proteins from the same genomic region,
expanding the viral protein repertoire

• HIV-1 uses a -1 frameshift to produce the Gag-Pol polyprotein

• Coronaviruses employ both -1 and -2 frameshifting in their replication strategy

• Strategic positioning of regulatory sequences (promoters, enhancers, terminators) controls gene
expression and replication timing

• Early and late promoters in adenoviruses orchestrate temporal gene expression

• Hepatitis B virus uses enhancers to regulate transcription from four overlapping open reading frames

• Cis-acting elements within viral genomes play crucial roles in replication, packaging, and other life
cycle aspects

• Internal ribosome entry sites (IRES) in picornaviruses facilitate cap-independent translation

• Packaging signals in retroviruses ensure specific encapsidation of genomic RNA

Genome Structure and Pathogenesis

Replication Mechanisms and Efficiency
• Genome structure directly impacts viral replication mechanism and efficiency

• Circular genomes often allow for rolling circle replication (papillomaviruses)

• Linear genomes may require terminal repeat sequences for efficient replication initiation
(herpesviruses)

• Terminal repeats or specific sequences facilitate genome circularization or template switching during
replication

• Adenoviruses use inverted terminal repeats for replication initiation

• Retroviruses employ template switching during reverse transcription to generate long terminal repeats
(LTRs)

• Segmented genomes enable genetic reassortment between different viral strains, potentially leading
to new pathogenic variants

• Influenza viruses can undergo antigenic shift through genome segment reassortment

• Bunyaviruses can exchange genome segments, altering their host range or virulence

Pathogenesis and Host Interactions
• Organization of early and late genes in complex viruses orchestrates a temporal program of gene
expression crucial for efficient replication

• Poxviruses have a cascade of early, intermediate, and late gene expression

• Herpesviruses employ immediate-early, early, and late gene expression patterns
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• Viral genome structure affects susceptibility to host restriction factors and ability to evade innate
immune responses

• RNA viruses with double-stranded replication intermediates must shield these from cellular sensors

• DNA viruses often encode proteins to counteract host restriction factors (APOBEC3 proteins)

• Location and regulation of virulence genes within the genome directly influence pathogenesis and
host range

• Presence of certain genes in poxviruses determines their host specificity

• Pathogenicity islands in bacterial viruses can alter the virulence of their bacterial hosts

• Genome organization strategies impact the rate of evolution and adaptation to new hosts or
environments

• Segmented genomes allow for rapid evolution through reassortment (influenza viruses)

• Error-prone replication of RNA viruses facilitates rapid adaptation to selective pressures

3.3 Viral genetic elements and their roles
Viral genetic elements are the DNA or RNA sequences that control gene expression and replication in
viruses. These include promoters, enhancers, and origins of replication. They play crucial roles in
regulating viral life cycles and interactions with host cells.

Understanding these elements is key to grasping how viruses work. They help viruses hijack host
machinery, evade immune responses, and adapt to cellular environments. This knowledge is vital for
developing antiviral drugs, vaccines, and gene therapy tools.

Viral Genetic Elements

Types and Functions of Viral Genetic Elements
• Viral genetic elements consist of specific DNA or RNA sequences within the viral genome regulating
gene expression and replication

• Promoters serve as binding sites for RNA polymerase and transcription factors to initiate gene
transcription

• Located upstream of genes

• Control timing and level of viral gene expression

• Enhancers increase transcription rate when bound by specific proteins

• Can be located upstream, downstream, or within genes

• Amplify gene expression by increasing transcription initiation frequency

• Origins of replication (ori) initiate DNA replication

• Contain binding sites for proteins involved in the replication process

• Control timing and frequency of genome duplication

• Other elements include silencers, insulators, and response elements
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• Fine-tune gene expression

• Block enhancer effects on inappropriate promoters

• Respond to specific cellular signals

Examples of Viral Genetic Elements
• SV40 virus early and late promoters regulate gene expression at different stages of infection

• Retrovirus long terminal repeat (LTR) promoter drives viral gene expression

• Cytomegalovirus immediate-early promoter initiates rapid gene expression upon infection

• Hepatitis B virus enhancer II and core promoter (EnhII/CP) complex regulates viral gene expression
and replication

• Internal ribosome entry sites (IRES) allow cap-independent initiation of protein synthesis

• Found in viruses like hepatitis C and poliovirus

• Alternative splicing regulatory elements maximize coding capacity

• HIV-1 uses multiple splice sites to produce over 40 different mRNAs from a single transcript

Regulation of Viral Gene Expression

Temporal Regulation and Gene Expression Programs
• Viral genetic elements create temporal programs of gene expression

• Ensure early and late genes express at appropriate times during viral life cycle

• Promoters control timing and level of viral gene expression

• Recruit host cell transcription factors and RNA polymerase

• Enhancers amplify gene expression in tissue-specific or temporal manner

• Increase frequency of transcription initiation

• Origins of replication control timing and frequency of genome duplication

• Serve as assembly sites for viral and cellular replication proteins

• Alternative splicing regulated by specific elements produces multiple protein isoforms

• Maximizes coding capacity of compact viral genomes

• Example: HIV-1 produces regulatory and structural proteins from single transcript

Interaction with Host Cellular Factors
• Viral promoters contain binding sites for host transcription factors

• Hijack cellular machinery for viral gene expression

• Enhancers interact with host enhancer-binding proteins

• Increase efficiency of viral gene transcription in specific cell types or conditions
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• Viral origins of replication recruit host replication factors

• Helicases and DNA polymerases initiate and carry out viral genome replication

• Some elements mimic host cell sequences

• Allow viral integration into host genome or evasion of immune responses

• Viruses encode proteins modifying function of viral genetic elements

• HIV Tat protein enhances transcription from viral LTR promoter

• Certain elements respond to host cell signaling pathways

• Allow viruses to sense and adapt to changes in cellular environment

• Viruses utilize host splicing machinery to process transcripts

• Rely on host factors to recognize splice sites and regulatory elements in viral RNA

Viral Element-Host Interactions

Hijacking Host Machinery
• Viral promoters recruit host transcription factors for gene expression

• Example: Adenovirus E1A protein interacts with host TBP to activate viral promoters

• Enhancers in viral genomes interact with host enhancer-binding proteins

• Increase efficiency of viral gene transcription in specific cell types

• Example: Epstein-Barr virus EBNA1 protein binds host cell enhancers to activate viral genes

• Viral origins of replication recruit host replication factors

• Helicases and DNA polymerases initiate and carry out viral genome replication

• Example: SV40 large T antigen recruits host replication protein A (RPA) to ori

Viral Adaptation and Evasion Strategies
• Some viral genetic elements mimic host cell sequences

• Allow viral integration into host genome (retroviruses)

• Evade host immune responses (poxviruses mimicking host cytokine receptors)

• Viruses encode proteins modifying function of viral genetic elements

• HIV Tat protein enhances transcription from viral LTR promoter

• Herpes simplex virus ICP4 protein regulates viral gene expression

• Certain elements respond to host cell signaling pathways

• Allow viruses to sense and adapt to changes in cellular environment

• Example: Hepatitis B virus enhancer activated by liver-specific transcription factors

• Viruses utilize host splicing machinery to process transcripts
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• Rely on host factors to recognize splice sites and regulatory elements in viral RNA

• Example: Influenza virus NS1 protein interacts with host splicing factors to regulate viral mRNA
processing

Significance of Viral Elements in Therapies

Antiviral Drug Development
• Understanding viral genetic elements enables design of targeted antiviral drugs

• Drugs targeting specific regulatory sequences or interactions with host factors

• Example: Nucleoside analogs inhibiting viral DNA polymerase at replication origins

• Knowledge of viral origins of replication leads to replication inhibitors

• Drugs inhibit viral genome replication without affecting host cell DNA synthesis

• Example: Acyclovir targeting herpesvirus DNA polymerase at viral ori

• Targeting common regulatory mechanisms for broad-spectrum antivirals

• Drugs affecting shared viral genetic element functions across multiple virus families

• Example: Ribavirin targeting IRES-mediated translation in various RNA viruses

Vaccine and Gene Therapy Applications
• Engineering viral promoters and enhancers creates attenuated viruses for live vaccines

• Reduces virulence while maintaining immunogenicity

• Example: Modified vaccinia Ankara (MVA) with altered promoter activity

• Viral genetic elements exploited to create viral vectors for gene therapy

• Utilize natural ability to efficiently express genes in host cells

• Example: Adeno-associated virus (AAV) vectors with tissue-specific promoters

• Development of novel biotechnology tools from viral genetic elements

• Strong promoters for protein expression in research and industry

• Example: Cytomegalovirus (CMV) promoter widely used in expression vectors

• Analysis of viral genetic elements guides universal vaccine design

• Identifying conserved regulatory regions across virus strains

• Example: Targeting conserved influenza virus promoter sequences for universal flu vaccine

3.4 Genome replication and expression mechanisms
Viruses employ diverse strategies to replicate their genomes and express their genes. DNA viruses
typically use host machinery in the nucleus, while RNA viruses rely on their own enzymes in the cytoplasm.
Some viruses, like retroviruses, even convert their RNA to DNA.
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Viral replication involves synthesizing new genetic material through various mechanisms. The process
differs between DNA and RNA viruses, with each type using specific enzymes and strategies.
Understanding these mechanisms is crucial for developing effective antiviral treatments and vaccines.

Viral Genome Replication Mechanisms

DNA and RNA Virus Replication Strategies
• Viral genome replication synthesizes new copies of viral genetic material (DNA or RNA)

• DNA viruses typically replicate in host cell nucleus using host enzymes and viral proteins

• RNA viruses replicate in cytoplasm using virus-encoded RNA-dependent RNA polymerases (RdRp)

• Some RNA viruses (retroviruses) use reverse transcription to convert RNA to DNA before integration

• Replication involves forming complementary strands through semiconservative replication (DNA
viruses) or complementary negative-sense RNA synthesis (RNA viruses)

• Replication strategies classified as conservative, semiconservative, or dispersive based on parental
and new strand distribution

• Conservative: Parental strands remain together, new strands form separate double helix

• Semiconservative: Each new double helix contains one parental and one new strand

• Dispersive: Fragments of parental and new DNA interspersed in new double helices

• Replication efficiency and fidelity impact viral fitness, evolution, and antiviral resistance development

• High fidelity limits mutations but reduces adaptability

• Low fidelity increases mutation rate, potentially yielding beneficial adaptations

Genome Replication Process
• DNA virus replication steps: 1. Attachment to host DNA 2. Unwinding of DNA by helicases 3. Primer
synthesis by primase 4. DNA synthesis by DNA polymerase 5. Removal of RNA primers 6. Gap filling
and ligation

• RNA virus replication steps: 1. Uncoating of viral genome 2. Translation of viral proteins (if +RNA) 3.
Synthesis of complementary -RNA strand 4. Use of -RNA as template for +RNA synthesis 5. Packaging
of new genomes into virions

• Retroviruses employ unique replication strategy: 1. Reverse transcription of RNA to DNA 2.
Integration of viral DNA into host genome 3. Transcription of viral genes 4. Translation of viral proteins
5. Assembly and budding of new virions

Viral Enzymes in Genome Replication

Polymerases and Their Functions
• Viral polymerases catalyze synthesis of new nucleic acid strands during genome replication

• DNA-dependent DNA polymerases used by DNA viruses (Herpes simplex virus)

• RNA-dependent RNA polymerases employed by RNA viruses (Influenza virus)
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• Reverse transcriptases convert RNA to DNA in retroviruses (HIV)

• Polymerase processivity determines length of nucleic acid synthesized before dissociation

• High processivity enzymes (T7 DNA polymerase) synthesize long stretches without dissociating

• Low processivity enzymes (Taq polymerase) dissociate more frequently

• Polymerase fidelity influences mutation rate and viral evolution

• High fidelity polymerases (T7 DNA polymerase) make fewer errors

• Low fidelity polymerases (Influenza virus RNA polymerase) generate more mutations

Helicases and Accessory Enzymes
• Viral helicases unwind double-stranded nucleic acids for replication

• Use energy from ATP hydrolysis to break hydrogen bonds between base pairs

• Examples include SV40 large T antigen and hepatitis C virus NS3 helicase

• Primases synthesize short RNA primers for DNA replication initiation

• Often associated with helicases in enzyme complexes

• Primase-helicase complexes found in bacteriophage T7 and herpes simplex virus

• Topoisomerases relieve DNA torsional stress during replication

• Type I topoisomerases make single-strand breaks

• Type II topoisomerases make double-strand breaks

• Poxviruses encode their own topoisomerases for efficient genome replication

Transcription and Translation Strategies

DNA Virus Gene Expression
• DNA viruses utilize host cell transcription machinery to produce mRNA

• Temporal regulation of gene expression common in DNA viruses

• Immediate early genes: Expressed first, often regulatory proteins

• Early genes: Involved in genome replication

• Late genes: Typically structural proteins for virion assembly

• Examples of DNA virus gene expression strategies:

• Herpesviruses: Cascade of immediate early, early, and late gene expression

• Adenoviruses: Complex splicing patterns generate multiple mRNAs from single transcripts

RNA Virus Gene Expression
• Positive-sense RNA genomes serve directly as mRNA for translation

• Examples include poliovirus and hepatitis C virus
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• Negative-sense RNA viruses synthesize complementary positive-sense RNA for translation

• Examples include influenza virus and rabies virus

• Ambisense RNA viruses contain both positive and negative-sense RNA segments

• Example: Arenaviruses

• Cap-snatching mechanism used by some viruses (Influenza)

• Viral endonuclease cleaves host mRNA caps

• Stolen caps used to prime viral mRNA synthesis

• Polyprotein production and processing in many RNA viruses

• Single large protein cleaved by viral proteases into functional units

• Examples include picornaviruses and flaviviruses

Viral Replication and Pathogenesis

Impact on Host Cells and Tissues
• Viral genome replication rate influences speed of viral spread

• Rapid replication leads to faster progression of infection (Influenza)

• Slow replication may result in persistent infections (Hepatitis B virus)

• Replication errors generate mutations affecting virulence and host range

• Antigenic drift in influenza virus due to mutations in surface proteins

• Host range expansion in avian influenza adapting to mammalian hosts

• Viral gene expression modulates host immune response

• Epstein-Barr virus latent proteins inhibit apoptosis in infected B cells

• HIV Nef protein downregulates CD4 and MHC class I molecules

• Hijacking host machinery causes cellular stress and dysfunction

• Picornavirus infection shuts down host protein synthesis

• Hepatitis C virus induces endoplasmic reticulum stress

Tissue Tropism and Disease Manifestation
• Viral genome replication in specific cell types determines tropism

• HIV infects CD4+ T cells and macrophages, leading to immunodeficiency

• Poliovirus replicates in motor neurons, causing paralysis

• Timing of viral gene expression influences infection course

• Early genes in herpesviruses establish latency in neurons

• Late genes in poxviruses produce structural proteins for virion assembly
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• Persistent infections established through regulated replication

• Hepatitis B virus maintains low-level replication in hepatocytes

• Herpes simplex virus enters latency in sensory neurons

Antiviral Drug Targets in Viral Replication

Polymerase and Replication Complex Inhibitors
• Viral polymerases serve as prime targets due to essential role and structural differences from host
enzymes

• Nucleoside and nucleotide analogs act as chain terminators or mutagens

• Acyclovir inhibits herpes simplex virus DNA polymerase

• Remdesivir targets RNA-dependent RNA polymerase of SARS-CoV-2

• Non-nucleoside inhibitors bind to allosteric sites on viral polymerases

• Nevirapine inhibits HIV reverse transcriptase

• Helicase inhibitors prevent unwinding of viral genomes

• Umifenovir (Arbidol) targets influenza virus helicase

Targeting Viral Gene Expression and Processing
• Protease inhibitors prevent polyprotein processing

• Lopinavir inhibits HIV protease

• Telaprevir targets hepatitis C virus NS3/4A protease

• Transcription inhibitors disrupt viral gene expression

• Cidofovir inhibits cytomegalovirus DNA polymerase and immediate early gene transcription

• Compounds interfering with genome packaging or assembly

• Bevirimat prevents HIV capsid maturation

• Combination therapies target multiple replication steps

• HAART (Highly Active Antiretroviral Therapy) for HIV combines multiple drug classes

• Direct-acting antiviral combinations for hepatitis C target different viral proteins
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Unit 4 – Virus Replication Cycles – Lytic
and Lysogenic
4.1 Overview of lytic and lysogenic cycles
Viruses have two main ways to replicate: lytic and lysogenic cycles. The lytic cycle destroys host cells
quickly, releasing new viruses. The lysogenic cycle lets viruses hide in host cells, sometimes for years.
These strategies help viruses survive and spread.

Understanding these cycles is key to grasping how viruses work. Lytic cycles cause quick infections, while
lysogenic cycles lead to long-term persistence. Viruses can switch between these methods, adapting to
different conditions and shaping their evolution alongside hosts.

Lytic vs Lysogenic Replication

Fundamental Differences
• Lytic cycles destroy host cells immediately while lysogenic cycles allow viruses to remain dormant
within host cells

• Viral genes express immediately upon infection in lytic cycles whereas most viral genes repress in
lysogenic cycles

• Lytic cycles produce new virions rapidly while lysogenic cycles integrate viral DNA into host genomes
for long-term persistence

• Acute infections typically associate with lytic cycles while chronic or latent infections often link to
lysogenic cycles

• Lytic cycles become irreversible once initiated whereas lysogenic cycles can switch to lytic under
certain conditions (environmental stressors)

Comparative Outcomes
• Host cell destruction occurs in lytic cycles releasing numerous new viral particles capable of infecting
other cells

• Host cell survival and continued division happens in lysogenic cycles with viral genome replication as
part of host chromosome

• Rapid viral proliferation and spread results from lytic cycles potentially causing acute symptoms in
host organisms (high fever)

• Long-term viral persistence within host populations enables through lysogenic cycles often without
causing immediate symptoms

• Lysogenic conversion confers beneficial traits to host cells in some lysogenic cycles (increased
antibiotic resistance in bacteria)
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Stages of Viral Replication

Lytic Cycle Stages
• Attachment binds viral surface proteins to specific receptors on host cells (influenza virus binding to
sialic acid receptors)

• Penetration introduces viral genetic material into host cells (endocytosis or membrane fusion)

• Biosynthesis replicates viral genetic material and synthesizes viral proteins (using host cell machinery)

• Maturation assembles new viral particles (capsid formation and genome packaging)

• Release allows newly formed virions to exit host cells often through cell lysis (bursting of bacterial
cells in bacteriophage infections)

Lysogenic Cycle Stages
• Attachment and penetration occur similarly to lytic cycle (adsorption of bacteriophage to bacterial cell
wall)

• Integration incorporates viral DNA into host cell's genome (formation of prophage in bacterial
chromosomes)

• Replication of viral genome happens passively along with host cell division (vertical transmission to
daughter cells)

• Induction triggers switch from lysogenic to lytic cycle through environmental factors (UV radiation
exposure)

Outcomes of Viral Replication

Host Cell Impacts
• Lytic cycle destroys host cells releasing numerous new viral particles (cell death in influenza
infections)

• Lysogenic cycle allows host cell survival and continued division (Epstein-Barr virus in B lymphocytes)

• Rapid viral proliferation from lytic cycles potentially causes acute symptoms (sudden onset of flu-like
symptoms)

• Long-term viral persistence enabled by lysogenic cycles often without immediate symptoms (latent
herpesvirus infections)

• Lysogenic conversion can confer beneficial traits to host cells (increased virulence in
Corynebacterium diphtheriae)

Viral Population Dynamics
• Lytic cycles result in rapid viral proliferation and spread (exponential growth of bacteriophage
populations)

• Lysogenic cycles enable long-term viral persistence within host populations (maintenance of HIV
reservoirs)
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• Switch from lysogenic to lytic cycle triggered by various factors (stress-induced reactivation of herpes
simplex virus)

• Balance between lytic and lysogenic strategies influences virus-host coevolution (temperate phage
interactions with bacterial hosts)

Evolutionary Significance of Viral Replication Strategies

Adaptive Flexibility
• Switching between lytic and lysogenic cycles provides viruses with adaptive flexibility in different
environmental conditions

• Lysogeny allows viruses to persist during low host density or unfavorable transmission conditions
(bacteriophage survival in nutrient-poor environments)

• Lytic replication enables rapid viral population growth in favorable conditions maximizing transmission
opportunities (outbreak situations)

• Altering replication strategy based on multiplicity of infection optimizes viral survival and spread
(bacteriophage decision-making in high vs. low host density)

Ecological and Evolutionary Impacts
• Lysogenic cycle facilitates horizontal gene transfer between bacterial species contributing to bacterial
evolution and adaptation (acquisition of antibiotic resistance genes)

• Existence of both strategies allows viruses to exploit different ecological niches and host types (broad
host range of some bacteriophages)

• Balance between lytic and lysogenic strategies influences dynamics of viral epidemics (seasonal
patterns of influenza outbreaks)

• Virus-host coevolution shaped by interplay between replication strategies (arms race between
bacterial CRISPR systems and phage anti-CRISPR mechanisms)

4.2 Stages of viral replication
Viruses follow a complex lifecycle, from attaching to host cells to releasing new viral particles. This process
involves key stages like entry, uncoating, replication, assembly, and release. Each step presents unique
challenges and opportunities for viral survival and spread.

Understanding these stages is crucial for developing effective antiviral strategies. By targeting specific
points in the viral lifecycle, scientists can create drugs that disrupt replication and limit infection. This
knowledge forms the foundation for combating viral diseases and preventing outbreaks.

Viral Replication Stages

Attachment and Entry
• Viral replication initiates with attachment involving specific interactions between viral surface proteins
and host cell receptors

• Determines viral tropism and host range

• Examples: HIV gp120 protein binding to CD4 receptors, influenza hemagglutinin binding to sialic acid
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• Penetration follows attachment through various mechanisms

• Endocytosis (clathrin-mediated or caveolae-dependent)

• Membrane fusion (pH-dependent or pH-independent)

• Direct injection of viral genetic material

• Examples: Influenza enters via endocytosis, HIV via membrane fusion

Uncoating and Replication
• Uncoating removes the viral capsid exposing the viral genome within the host cell

• Facilitated by changes in pH, cellular enzymes, or viral proteins

• Example: Adenovirus uses its own protease to partially digest capsid proteins

• Replication synthesizes viral genomic material and proteins using host cell machinery

• Occurs in cytoplasm or nucleus depending on virus type

• Involves transcription of viral genes, translation of viral proteins, and genome replication

• Example: Hepatitis C virus replicates in cytoplasm, herpes simplex virus in nucleus

Assembly and Release
• Assembly packages newly synthesized viral genomes into capsids

• Acquires envelope proteins for enveloped viruses

• May involve scaffolding proteins or self-assembly mechanisms

• Example: HIV Gag protein orchestrates virion assembly at the plasma membrane

• Release of mature virions occurs through various mechanisms

• Cell lysis (non-enveloped viruses)

• Exocytosis

• Budding from host cell membrane (enveloped viruses)

• Examples: Poliovirus released by cell lysis, influenza by budding

Molecular Processes in Replication

Attachment and Entry Mechanisms
• Attachment mediated by specific ligand-receptor interactions

• Viral spike proteins or capsid components bind to host cell surface molecules

• Example: SARS-CoV-2 spike protein binds to ACE2 receptors

• Penetration triggered by conformational changes in viral proteins

• Activates cellular endocytosis pathways or initiates membrane fusion

• Example: Influenza hemagglutinin undergoes pH-induced conformational change to mediate fusion
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Genome Replication and Protein Synthesis
• Transcription of viral genes uses viral or host RNA polymerases

• DNA viruses typically use host RNA polymerase II

• RNA viruses often encode their own RNA-dependent RNA polymerases

• Translation of viral proteins hijacks host ribosomes and translation factors

• Some viruses shut off host protein synthesis to prioritize viral protein production

• Genome replication strategies vary by virus type

• DNA viruses use host or viral DNA polymerases

• RNA viruses use viral RNA-dependent RNA polymerases

• Retroviruses employ reverse transcriptase to convert RNA to DNA

Virion Assembly and Release Processes
• Coordinated production and localization of viral structural proteins and genomic material

• May involve viral chaperones or host cell compartments

• Example: Hepatitis B virus core particles assemble in the cytoplasm around pregenomic RNA

• Release mechanisms often hijack cellular transport systems

• ESCRT pathway used by many enveloped viruses for budding

• Some viruses induce cell death pathways to facilitate egress

• Example: Influenza virus neuraminidase cleaves sialic acids to release virions from cell surface

Replication Stages: Comparisons

Replication Site and Genome Type
• DNA viruses typically replicate in host cell nucleus

• Exceptions include poxviruses which replicate in cytoplasm

• Utilize host DNA replication machinery

• RNA viruses usually replicate in cytoplasm

• Exceptions include influenza viruses which replicate in nucleus

• Carry their own RNA-dependent RNA polymerases

• Retroviruses have unique replication cycle

• Reverse transcribe RNA genome into DNA

• Integrate DNA into host genome

• Example: HIV integrates its DNA into host chromosomes
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Virus Structure and Release Mechanisms
• Enveloped viruses acquire lipid envelope by budding from cellular membranes

• Examples: HIV, influenza, coronaviruses

• Non-enveloped viruses released through cell lysis

• Examples: Poliovirus, adenovirus

• Latent infections established by some viruses

• Viral genomes persist without active replication

• Example: Herpesviruses maintain latency in neurons

• Rapid lytic cycles characteristic of other viruses

• Continuous replication and release of virions

• Example: Picornaviruses complete replication cycle in hours

Genetic Diversity and Replication Complexity
• Segmented genome viruses can reassort genetic material during coinfection

• Leads to genetic diversity and potential emergence of new strains

• Example: Influenza A virus with 8 RNA segments

• Viral replication machinery complexity varies greatly

• Simple viruses rely heavily on host factors

• Large DNA viruses encode many of their own replication proteins

• Example: Bacteriophage T4 encodes over 100 proteins including its own DNA polymerase

Antiviral Targets in Replication

Entry and Uncoating Inhibitors
• Attachment and entry inhibitors block viral binding or prevent membrane fusion

• Example: Enfuvirtide prevents HIV fusion with host cells

• Uncoating inhibitors disrupt capsid disassembly

• Example: Amantadine blocks M2 ion channel in influenza A, preventing uncoating

Replication and Assembly Inhibitors
• Viral polymerase inhibitors target replication of viral genetic material

• Example: Acyclovir inhibits herpesvirus DNA polymerase

• Protease inhibitors interfere with processing of viral polyproteins

• Examples: Lopinavir for HIV, simeprevir for hepatitis C virus

• Assembly inhibitors prevent formation of mature viral particles
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• Example: Bevirimat disrupts HIV capsid maturation

Release Inhibitors and Host-Targeting Antivirals
• Egress inhibitors prevent release of newly formed virions

• Example: Oseltamivir inhibits influenza neuraminidase, preventing viral release

• Host-targeting antivirals modulate cellular processes required for viral replication

• Broader approach to antiviral therapy

• Potential advantages in reducing viral resistance

• Example: Cyclophilin inhibitors block essential host factors for HCV replication

4.3 Comparison of lytic and lysogenic cycles in different virus families
Viruses employ two main replication strategies: lytic and lysogenic cycles. The lytic cycle involves rapid
reproduction and host cell destruction, while the lysogenic cycle allows viruses to integrate into host
genomes for long-term survival. Different virus families favor specific cycles based on their genetic makeup
and host interactions.

Understanding these cycles is crucial for grasping viral pathogenesis and developing treatments. DNA
viruses often use both cycles, while RNA viruses typically stick to lytic replication. Factors like genome
type, viral enzymes, and host cell conditions influence cycle choice, shaping viral behavior and disease
outcomes.

Lytic vs Lysogenic Cycles

Prevalence in Virus Families
• DNA viruses (herpesviruses, bacteriophages) often exhibit both lytic and lysogenic cycles

• RNA viruses (influenza viruses, coronaviruses) predominantly use lytic cycle for replication

• Retroviridae incorporates elements of both lytic and lysogenic strategies in unique replication cycles

• Lysogenic cycles occur more frequently in viruses infecting prokaryotes, especially bacteriophages

• Poxviridae and Filoviridae exclusively employ lytic cycle for replication

• Environmental factors and host cell types influence prevalence of lytic vs lysogenic cycles within virus
families

• Temperature changes can trigger switch from lysogenic to lytic cycle in some bacteriophages

• Nutrient availability in host cells can affect decision between lytic and lysogenic replication

Factors Affecting Cycle Choice
• Genome type impacts ability to undergo lysogeny

• DNA viruses more capable of genome integration (bacteriophage lambda)

• RNA viruses generally limited to lytic replication (influenza virus)

• Specific enzymes essential for establishing lysogeny
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• Integrases facilitate viral DNA integration into host genome (HIV integrase)

• Recombinases enable site-specific recombination for lysogeny (bacteriophage P1)

• Viral genome size affects replication cycle choice

• Larger genomes more likely to support lysogenic cycles due to increased genetic complexity
(herpesviruses)

• Smaller genomes often associated with lytic replication (picornaviruses)

• Viral capsid and envelope structure impacts cell entry and exit efficiency

• Complex enveloped viruses may favor lysogenic cycles for prolonged survival (herpesviruses)

• Simple non-enveloped viruses often utilize rapid lytic cycles (adenoviruses)

• Host cell type and cellular machinery availability influence cycle preference

• Dividing cells more conducive to lysogenic replication (Epstein-Barr virus in B lymphocytes)

• Non-dividing cells may favor lytic replication (influenza virus in respiratory epithelial cells)

Molecular Mechanisms of Viral Replication

Lytic Cycle Mechanisms
• Viral entry initiates lytic cycle through receptor binding and membrane fusion or endocytosis

• Viral genome replication occurs using host cell machinery and viral enzymes

• DNA viruses replicate in nucleus (herpes simplex virus)

• RNA viruses often replicate in cytoplasm (poliovirus)

• Viral protein synthesis follows, utilizing host ribosomes and translation factors

• Virion assembly involves packaging of viral genomes into newly formed capsids

• Host cell lysis releases mature virions, completing the lytic cycle

• Bacteriophages use enzymes like lysozyme to break bacterial cell walls

• Animal viruses often induce apoptosis or necrosis for cell lysis

Lysogenic Cycle Mechanisms
• Viral genome integration into host chromosome marks beginning of lysogenic cycle

• Site-specific integration (bacteriophage lambda attP site)

• Random integration (retroviruses)

• Expression of viral genes maintains lysogeny and suppresses lytic cycle

• Bacteriophage lambda CI repressor protein inhibits lytic gene expression

• Herpesvirus latency-associated transcripts (LATs) suppress lytic genes

• Epigenetic modifications crucial for maintaining viral latency
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• Histone deacetylation silences viral gene expression (Epstein-Barr virus)

• DNA methylation of viral promoters (human cytomegalovirus)

• Stress signals or stimuli trigger switch from lysogenic to lytic cycle

• UV radiation induces SOS response in bacteria, activating prophage

• Hormonal changes reactivate latent herpesviruses

Virus Family Influence on Replication

Genome-Based Replication Strategies
• DNA virus families often capable of both lytic and lysogenic cycles

• Herpesviridae establish latent infections in neurons and lymphocytes

• Adenoviridae primarily use lytic cycle but can persist in lymphoid tissues

• RNA virus families predominantly utilize lytic cycle

• Orthomyxoviridae (influenza viruses) cause acute respiratory infections

• Flaviviridae (dengue virus, Zika virus) replicate rapidly in host cells

• Retroviridae employs unique replication strategy with lysogenic-like features

• HIV integrates proviral DNA into host genome

• HTLV-1 can establish latency in T cells

Structural and Enzymatic Influences
• Presence of specific viral enzymes shapes replication cycle choice

• Poxviridae carries its own DNA-dependent RNA polymerase for cytoplasmic replication

• Hepadnaviridae (hepatitis B virus) uses reverse transcriptase for DNA synthesis

• Viral capsid and envelope complexity affects entry and exit mechanisms

• Simplexviruses (HSV-1, HSV-2) have complex envelopes facilitating cell-to-cell spread

• Picornaviridae (poliovirus, rhinovirus) have simple capsids for rapid replication and release

• Anti-apoptotic genes in certain families enable prolonged host cell survival

• Herpesviridae express multiple anti-apoptotic proteins (vBcl-2, vFLIP)

• Poxviridae produce serpins to inhibit host cell apoptosis

Implications of Replication Cycles for Disease

Clinical Manifestations
• Lytic cycle viruses often cause acute infections with rapid symptom onset

• Influenza virus leads to sudden fever, body aches, and respiratory symptoms

• Norovirus causes acute gastroenteritis with vomiting and diarrhea
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• Lysogenic cycle viruses can lead to persistent or latent infections

• Herpes simplex virus establishes latency in sensory ganglia with periodic reactivations

• Epstein-Barr virus causes infectious mononucleosis and remains latent in B cells

• Tissue damage patterns differ between lytic and lysogenic infections

• Lytic viruses cause more immediate and severe tissue destruction (rabies virus in neurons)

• Lysogenic viruses may contribute to long-term complications (HPV in cervical cancer)

Treatment and Prevention Strategies
• Antiviral drug development targets different stages of viral replication

• Lytic cycle inhibitors focus on blocking viral entry, replication, or assembly (oseltamivir for influenza)

• Lysogenic cycle treatments aim to prevent reactivation or maintain latency (acyclovir for herpes
viruses)

• Vaccine approaches vary based on viral replication strategy

• Lytic virus vaccines often prevent initial infection (measles vaccine)

• Lysogenic virus vaccines may focus on preventing reactivation or limiting viral shedding (shingles
vaccine)

• Understanding specific replication cycles crucial for targeted interventions

• Combination antiretroviral therapy for HIV targets multiple stages of viral replication

• Prophylactic treatments for herpesvirus reactivation in immunocompromised patients

4.4 Factors influencing cycle selection and switching
Viruses have two main replication cycles: lytic and lysogenic. The choice between these cycles is
influenced by various factors, including host cell conditions, viral genes, and environmental stressors.
Understanding these factors is crucial for grasping how viruses interact with their hosts.

The decision between lytic and lysogenic cycles has significant evolutionary implications. It allows viruses
to adapt to changing environments, persist during unfavorable conditions, and even contribute to host
evolution. This dynamic interplay shapes microbial communities and ecosystems.

Lytic vs Lysogenic Cycle Factors

Host Cell Influences
• Host cell physiology affects cycle choice through nutrient availability and metabolic state

• Multiplicity of infection (MOI) impacts selection with higher MOIs favoring lytic cycle

• Host cell stress responses influence choice by activating DNA damage and SOS response

• Environmental factors like temperature, pH, and UV radiation impact cycle selection

• Alter function of host and viral proteins

• Trigger stress responses
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• Presence of competing microorganisms affects selection through:

• Resource competition

• Altered host cell physiology

Viral Determinants
• Specific viral genes act as key determinants in lytic-lysogenic decision

• cI repressor in bacteriophage lambda maintains lysogeny

• Cro protein antagonizes cI and promotes lytic cycle

• Concentration and stability of viral regulatory proteins at infection time critically determine cycle choice

• Viral proteins interact with host factors to modulate DNA accessibility and gene expression

Molecular Mechanisms of Cycle Choice

Regulatory Protein Interactions
• Complex interplay of viral and host transcription factors regulates lytic-lysogenic decision

• In bacteriophage lambda:

• cI repressor binds operator sites to repress lytic genes

• Cro protein binds same sites with different affinities to promote lytic cycle

• Positive feedback loops with cI and negative loops with Cro create bistable genetic switch

• Host factors modulate DNA bending and regulatory region accessibility

• Integration host factor (IHF)

• HU proteins

Protein Modifications and Concentrations
• Post-translational modifications alter protein activities affecting cycle selection

• Phosphorylation

• Proteolysis

• Concentration of key regulatory proteins at infection time critically determines decision

• Protein stability influences duration of effects on gene expression

Triggers for Lysogenic to Lytic Switch

DNA Damage and SOS Response
• DNA damage activates host SOS response triggering prophage induction

• UV radiation

• Certain chemicals
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• Increased RecA expression facilitates cI repressor autocleavage in lambda phage

• Oxidative stress leads to prophage induction through multiple pathways

• Reactive oxygen species

• Metabolic disruption

Environmental Stressors
• Nutrient depletion promotes switch to lytic cycle by destabilizing lysogeny

• Temperature or pH changes alter lysogeny-maintaining protein stability/activity

• Certain antibiotics induce lytic cycle through:

• DNA damage

• Metabolic disruption

• Host cell quorum sensing molecules influence induction

• Links viral replication to bacterial population density

Evolutionary Significance of Cycle Selection

Viral Adaptation Strategies
• Cycle switching provides survival advantage in fluctuating environments

• Lysogeny allows viral persistence during unfavorable conditions

• Serves as reservoir for viral genetic material

• Rapid adaptation to changes in host density and environmental conditions

• Optimizes reproductive strategies

Host-Virus Coevolution
• Prophage integration confers beneficial host traits

• Immunity to superinfection

• Increased virulence

• Prophage induction acts as bacterial population control mechanism

• Influences microbial community dynamics

• Affects ecosystem function

• Lysogenic conversion contributes to bacterial evolution

• Spreads virulence factors

• Balance between cycles drives development of:

• Host resistance mechanisms

• Viral counteradaptations
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Unit 5 – Bacteriophages and Bacterial
Viruses
5.1 Structure and classification of bacteriophages
Bacteriophages, viruses that infect bacteria, come in various shapes and sizes. Their structure, from
protein capsids to tail fibers, plays a crucial role in how they attack and infect their bacterial hosts.
Understanding these structures is key to grasping phage behavior.

Classifying bacteriophages helps scientists organize and study them better. Based on their shape, genetic
material, and infection strategies, phages are grouped into families. This classification system aids in
predicting phage behavior and potential applications in research and medicine.

Bacteriophage Structure

Capsid and Genetic Material
• Bacteriophages consist of a protein capsid enclosing genetic material

• Capsid (head) typically icosahedral in shape

• Composed of protein subunits arranged symmetrically

• Phage genetic material varies

• DNA or RNA

• Single-stranded or double-stranded

• Depends on specific phage type

• Capsid size and shape determine amount of genetic material packaged

• Affects potential for carrying additional genes

• Influences host range or virulence

Tail Structure and Components
• Most bacteriophages possess a tail structure

• Facilitates host attachment and DNA injection

• Tail includes hollow tube

• Allows genetic material injection into host cell

• Tail fibers or spikes located at tail base

• Responsible for host recognition

• Attach to specific receptors on bacterial cell surface

• Some phages have collar or neck region

• Connects head to tail



Fiveable archived study guides Page 53

• Provides structural support

• Facilitates DNA passage during infection

• Contractile tail sheaths present in some phage types

• Assist in penetrating host cell wall during infection

• Tail structure length and flexibility influence infection efficiency

• Affects ability to penetrate host cell wall

• Impacts delivery of genetic material

Bacteriophage Classification

Morphology-based Classification
• International Committee on Taxonomy of Viruses (ICTV) classifies bacteriophages into 14 families

• Based on morphology and nucleic acid type

• Tailed phages (order Caudovirales) comprise majority of known bacteriophages

• Further divided into three families (Myoviridae, Siphoviridae, Podoviridae)

• Morphological classifications include

• Tailed phages (most common)

• Polyhedral phages

• Filamentous phages

• Pleomorphic phages

• Tailless phages less common

• Include icosahedral and filamentous morphologies

Nucleic Acid and Genomic Classification
• Phages categorized as DNA or RNA viruses

• DNA phages more common

• Further classified as single-stranded or double-stranded

• Baltimore classification system groups phages based on mRNA production method

• Ranges from Class I (dsDNA) to Class VII (reverse-transcribing dsDNA)

• Genomic organization and replication strategies contribute to classification

• Distinguishes between temperate and virulent phages

• DNA phage examples (T4, lambda)

• RNA phage examples (MS2, Φ6)
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Bacteriophage Families

Tailed Phage Families
• Myoviridae phages

• Have contractile tails

• Typically larger in size

• Well-studied example (T4 phage)

• Siphoviridae phages

• Possess long, non-contractile tails

• Model organism (lambda phage)

• Podoviridae phages

• Have short, non-contractile tails

• Exemplified by T7 phage

Tailless and Unique Phage Families
• Microviridae

• Small, tailless phages

• Single-stranded DNA genomes

• Example (ΦX174 phage)

• Inoviridae

• Filamentous phages

• Single-stranded DNA genomes

• Used in molecular biology applications (M13 phage)

• Leviviridae

• Small, spherical RNA phages

• Prominent example (MS2 phage)

• Cystoviridae

• Unique segmented double-stranded RNA genome

• Type species (Φ6 phage)

Structure vs Host Specificity

Structural Elements Influencing Host Range
• Tail fibers and baseplate proteins crucial for host recognition and attachment

• Determine host range specificity
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• Composition and arrangement of tail fiber proteins allow binding to specific receptors

• Influences host tropism

• Capsid structure affects phage particle stability

• Impacts survival in various environmental conditions

• Influences potential for infection

Infectivity and Host Interactions
• Contractile tail sheaths in Myoviridae provide additional force for DNA injection

• Potentially increases infectivity in certain host species

• Structural proteins on phage surface interact with host immune systems

• Affects phage's ability to persist and infect in complex environments

• Tail structure's length and flexibility influence penetration of host cell wall

• Impacts efficiency of genetic material delivery

• Size and shape of phage head determine amount of packaged genetic material

• Affects potential for carrying genes influencing host range or virulence

5.2 Phage life cycles and replication strategies
Bacteriophages, the viruses that infect bacteria, have two main life cycles: lytic and lysogenic. The lytic
cycle leads to immediate bacterial death, while lysogeny allows the phage to integrate into the host's
genome. These cycles shape bacterial evolution and ecology.

Phage replication involves several steps: infection, genome entry, replication, protein synthesis, assembly,
and release. Various factors influence a phage's choice between lytic and lysogenic pathways, including
host conditions, environmental factors, and microbial interactions. These processes have significant
implications for bacterial populations and evolution.

Lytic vs Lysogenic Phage Cycles

Cycle Characteristics and Outcomes
• Lytic cycle results in immediate bacterial cell lysis and release of new phage particles

• Lysogenic cycle allows phage genome integration into host bacterial chromosome

• Lytic phages rapidly replicate and produce new virions

• Lysogenic cycle maintains phage genome as dormant prophage

• Lytic cycle duration spans minutes to hours

• Lysogenic cycle persists for multiple bacterial generations (weeks to years)

• Lytic phages always kill their host cells

• Lysogenic phages coexist with hosts for extended periods
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Cycle Transition and Visualization
• Prophage induction triggers switch from lysogenic to lytic cycle

• Environmental stressors (UV radiation, antibiotics) induce prophage

• Spontaneous induction occurs at low frequencies

• Lytic phages produce clear plaques on bacterial lawns

• Lysogenic phages form turbid plaques due to lysogenized bacteria growth

Implications and Applications
• Lytic-lysogenic choice impacts phage-host interactions

• Cycle selection influences bacterial evolution (gene transfer, selective pressure)

• Biotechnology applications utilize phage life cycles (phage therapy, genetic engineering)

• Medical applications exploit phage properties (antibacterial treatments, diagnostics)

Bacteriophage Replication Steps

Infection and Genome Entry
• Adsorption initiates phage attachment to bacterial cell surface receptors

• Tail fibers or specialized structures mediate phage-host recognition

• Penetration injects phage genetic material (DNA or RNA) into host cell

• Phage-encoded enzymes facilitate genome entry process

• Eclipse period redirects host cell metabolism towards phage replication

• Host cellular machinery ceases normal functions during eclipse phase

Genome Replication and Protein Synthesis
• Phage genome replication produces multiple nucleic acid copies

• Host or phage-encoded enzymes catalyze genome replication

• Phage protein synthesis generates structural and functional components

• Capsid proteins form protective shell for new phage particles

• Tail proteins assemble into complex structures for host recognition and infection

• Enzymatic proteins aid in host cell lysis and phage genome replication

Assembly and Release
• Assembly organizes newly synthesized phage components into complete virions

• Capsid formation precedes genome packaging in many phages

• Tail attachment completes virion structure in tailed phages
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• Release liberates mature phage particles from host cell

• Phage-encoded lysis proteins mediate host cell rupture (endolysins, holins)

• Some phages utilize extrusion or budding for release without cell lysis (filamentous phages)

Factors Influencing Phage Pathway Choice

Host Cell Conditions
• Multiplicity of infection (MOI) affects pathway selection

• Higher MOI favors lysogenic pathway

• Lower MOI promotes lytic cycle

• Nutritional status of host cell influences phage decision

• Well-nourished hosts support lytic growth

• Nutrient-limited conditions favor lysogeny

• Host cell physiology impacts life cycle choice

• Growth phase (exponential vs. stationary) affects phage replication

• Metabolic state of bacterial host influences pathway selection

Environmental and Genetic Factors
• Environmental stressors induce lysogenic to lytic switch

• UV radiation triggers prophage induction

• Chemical mutagens activate lytic cycle

• Antibiotics stimulate prophage excision

• Phage-encoded regulatory proteins balance lytic and lysogenic pathways

• Cro protein promotes lytic cycle

• CI repressor maintains lysogenic state

• Genetic elements predispose phages towards specific growth patterns

• Integration sites affect lysogenic stability

• Replication origins influence lytic efficiency

Microbial Interactions
• Presence of competing phages impacts pathway decision

• Superinfection immunity prevents multiple lysogenic infections

• Mixed infections alter phage replication dynamics

• Bacterial defense mechanisms influence phage life cycle choice

• CRISPR-Cas systems target phage genomes
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• Restriction-modification systems degrade foreign DNA

• Quorum sensing affects bacterial susceptibility to phage infection

Phage Life Cycles and Bacterial Evolution

Population Dynamics and Community Structure
• Lytic phages reduce bacterial populations

• Phage predation alters ecosystem dynamics

• Microbial community structures shift due to phage activity

• Lysogenic phages confer new phenotypes to bacterial hosts

• Lysogenic conversion enhances bacterial fitness

• Prophages increase bacterial virulence (toxin genes)

• Phage-mediated horizontal gene transfer contributes to bacterial genome plasticity

• Antibiotic resistance genes spread through transduction

• Metabolic genes transfer between bacterial species

Evolutionary Pressures and Adaptations
• Phage predation exerts selective pressure on bacterial populations

• Bacteria evolve phage resistance mechanisms (receptor modification, CRISPR-Cas)

• Phage-bacteria arms race drives co-evolution

• Diverse phage recognition systems emerge

• Bacterial defense mechanisms become more sophisticated

• Lysogeny provides temporary immunity to superinfection

• Prophages protect hosts from related phage infections

• Population dynamics of phages and bacteria intertwine

Ecological and Medical Implications
• Phage life cycles influence bacterial biofilm formation and dispersal

• Lytic phages disrupt biofilm structures

• Prophages regulate biofilm-associated genes

• Bacterial persistence in various environments depends on phage interactions

• Phage therapy utilizes lytic phages to combat bacterial infections

• Lysogenic phages contribute to bacterial pathogenicity in medical contexts

• Understanding phage-bacteria dynamics informs microbial ecology and medical interventions
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5.3 Applications of phages in research and biotechnology
Bacteriophages, viruses that infect bacteria, have become powerful tools in research and biotechnology.
From genetic engineering to pathogen detection, these tiny viruses offer unique advantages in
manipulating and studying bacterial systems.

Phages serve as vectors for introducing foreign DNA, enzymes for molecular biology techniques, and
platforms for displaying novel peptides. They're also used in biosensors, biocontrol agents, and even as
alternatives to antibiotics, showcasing their versatility in various fields.

Bacteriophages for Genetic Engineering

Phage Vectors and Cloning Systems
• Bacteriophages serve as efficient vectors for introducing foreign DNA into bacterial cells led to
advancements in genetic engineering and recombinant DNA technology

• Phage-based cloning vectors (λ phage and M13 phage) accommodate large DNA inserts enabled
DNA library construction and gene expression studies

• Site-specific recombination systems derived from bacteriophages (Cre-lox system from phage P1)
allow precise genetic manipulations across various organisms

• Example: Cre-lox system used to create conditional gene knockouts in mice

• Bacteriophage-mediated transduction transfers genetic material between bacterial strains facilitated
horizontal gene transfer studies and bacterial genome engineering

• Example: Using P1 phage to move antibiotic resistance genes between E. coli strains

Phage-Derived Enzymes and CRISPR Systems
• Phage-derived enzymes play crucial roles in molecular biology techniques

• T4 DNA ligase catalyzes phosphodiester bond formation between DNA fragments

• T7 RNA polymerase enables high-yield in vitro transcription of specific genes

• CRISPR-Cas systems, originally bacterial defense mechanisms against phages, revolutionized
genome editing across multiple species

• Applications include gene knockout, gene insertion, and base editing

• Example: CRISPR-Cas9 used to correct disease-causing mutations in human cells

Phage Display for Novel Peptides

Phage Display Technology
• Phage display screens bacteriophages expressing peptides or proteins on their surface identified
molecules with specific binding properties

• Process involves creating large libraries of peptides or antibody fragments fused to phage coat
proteins (filamentous phages M13 or fd)

• Biopanning, a key step, uses iterative rounds of selection and amplification isolated phages displaying
high-affinity peptides or proteins for target molecules
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• Example: Selecting peptides that bind to cancer cell surface proteins

• Phage display revolutionized discovery of novel peptides for various applications (drug development,
biosensors, targeted therapy)

• Example: Development of peptide-based drugs for autoimmune diseases

Antibody Engineering and Discovery
• Phage display technology instrumental in developing fully human monoclonal antibodies reduced
immunogenicity and improved therapeutic efficacy

• Technique enables engineering antibodies with enhanced properties (increased affinity, stability,
specificity)

• Example: Affinity maturation of antibodies for improved binding to antigens

• Recent advancements include development of synthetic antibody libraries and use of next-generation
sequencing accelerated discovery process

• Example: Creating diverse libraries of billions of antibody variants for screening

Bacteriophages in Pathogen Detection

Phage-Based Biosensors
• Bacteriophages serve as highly specific and sensitive biosensors for rapid detection of bacterial
pathogens (food, water, clinical samples)

• Phage-based detection methods utilize reporter genes or bioluminescence indicated presence of
target bacteria faster than traditional culture-based methods

• Example: Using luciferase-expressing phages to detect Mycobacterium tuberculosis in sputum
samples

• Specificity of bacteriophages allows targeted detection of pathogenic bacteria while preserving
beneficial microbiota made them attractive alternatives to broad-spectrum detection methods

Industrial and Clinical Applications
• Food industry employs bacteriophages as natural antimicrobials to control foodborne pathogens
(Listeria monocytogenes, Salmonella) in various food products

• Example: Phage-based sprays for decontamination of meat products

• Phage therapy, using bacteriophages to treat bacterial infections, gains renewed interest as
alternative to antibiotics for multidrug-resistant bacterial infections

• Example: Treating antibiotic-resistant Pseudomonas aeruginosa infections in burn patients

• Wastewater treatment explores bacteriophages as biocontrol agents reduced bacterial loads and
improved water quality

• Example: Using phages to target specific bacterial species in sewage treatment plants
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Bacteriophages as Biocontrol Agents

Agricultural Applications
• Bacteriophages offer sustainable and environmentally friendly approach to controlling plant pathogens
reduced reliance on chemical pesticides in agriculture

• Phage-based biocontrol targets specific bacterial pathogens without harming beneficial
microorganisms or affecting plant growth maintained ecological balance

• Example: Using phages to control Xanthomonas campestris in tomato plants

• Application of bacteriophages in pre-harvest and post-harvest stages reduces crop losses and
improves food quality and safety

• Example: Phage treatment of seeds to prevent bacterial infections during germination

Food Safety and Preservation
• Bacteriophages in food processing and packaging extend shelf life and reduce risk of foodborne
illnesses caused by bacterial contamination

• Example: Phage-based sprays for ready-to-eat foods to control Listeria

• Phage cocktails, containing multiple phage types, broaden spectrum of activity and reduce likelihood
of bacterial resistance development

• Example: Combining phages targeting different strains of E. coli O157:H7 in meat products

Challenges and Future Directions
• Challenges in phage biocontrol include environmental stability, phage resistance development, and
regulatory considerations for use in food and agriculture

• Example: Developing phage formulations resistant to UV degradation for field applications

• Ongoing research focuses on improving phage formulations, delivery methods, and understanding
phage-host interactions enhanced efficacy of phage-based biocontrol strategies

• Example: Encapsulating phages in biodegradable nanoparticles for controlled release in soil

5.4 Phage therapy and its potential in medicine
Phage therapy uses viruses to fight bacterial infections. It's like sending tiny assassins to take out bad
bacteria while leaving the good ones alone. This approach could be a game-changer in treating
antibiotic-resistant superbugs.

While phage therapy shows promise, it's not without challenges. Matching the right phage to the right
bacteria is tricky, and our bodies might fight off the phages before they can do their job. Still, it's an exciting
frontier in the battle against harmful bacteria.

Phage therapy: Definition and principles

Fundamentals of phage therapy
• Phage therapy utilizes bacteriophages (viruses that infect bacteria) to treat bacterial infections
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• Bacteriophages target specific bacterial species or strains while leaving beneficial bacteria and human
cells unharmed

• Lytic cycle drives phage therapy mechanism infecting, replicating within, and lysing host bacterial cells

• Administration routes include oral, topical, intravenous, or inhaled depending on infection site

• Self-replicating nature of phages enables potential single-dose treatment multiplying at infection site
until target bacteria elimination

• Phage cocktails contain multiple phage types broadening bacterial target spectrum and reducing
resistance likelihood

Phage therapy administration and efficacy
• Accurate bacterial identification crucial for matching appropriate phages to infection

• Phage cocktail composition tailored to target multiple bacterial strains present in infection

• Dosing frequency potentially lower than antibiotics due to phage self-replication at infection site

• Treatment duration varies based on infection severity and bacterial load

• Monitoring bacterial load and phage titers during treatment helps assess efficacy

• Combination with antibiotics (phage-antibiotic synergy) explored to enhance treatment outcomes

Phage therapy: Advantages vs Limitations

Advantages over conventional antibiotics
• High specificity reduces normal microbiome disruption minimizing side effects (gut flora preservation)

• Potential to combat antibiotic-resistant bacteria offering alternative for multi-drug resistant infections
(MRSA, VRE)

• Self-replicating nature allows lower and less frequent dosing compared to antibiotics

• Effective biofilm penetration and disruption improving chronic infection treatment outcomes (cystic
fibrosis lung infections)

• Potential for personalized treatment targeting specific bacterial strains in individual patients

• Lower likelihood of developing secondary infections due to preserved beneficial bacteria

Limitations and challenges
• High specificity necessitates accurate bacterial identification and phage matching time-consuming
process

• Potential immunogenicity may lead to rapid phage clearance by immune system reducing efficacy

• Regulatory challenges and lack of standardized production protocols hinder widespread clinical
adoption

• Limited stability of phage preparations compared to chemical antibiotics (temperature sensitivity)

• Potential for rapid bacterial resistance development through evolutionary pressure
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• Difficulty in patenting naturally occurring phages impacting commercial development

Phage therapy: Challenges and considerations

Technical and biological challenges
• Phage isolation and characterization require specialized techniques and facilities (transmission
electron microscopy)

• Narrow host range necessitates large phage libraries or personalized cocktails for effective treatment

• Potential horizontal gene transfer between phages and bacteria raises virulence factor or antibiotic
resistance gene spread concerns

• Standardization of phage preparation crucial for ensuring safety and consistency (endotoxin removal,
sterility testing)

• Pharmacokinetics and pharmacodynamics differ significantly from antibiotics requiring new dosing
approaches

• Rapid bacterial resistance to phages necessitates ongoing research into phage-bacteria coevolution

Regulatory and practical considerations
• Evolving regulatory frameworks present challenges in clinical trial design and approval processes

• Lack of established quality control standards for phage preparations complicates manufacturing

• Intellectual property protection for phage therapies complex due to naturally occurring nature of
phages

• Limited financial incentives for pharmaceutical companies due to personalized nature of treatments

• Ethical considerations in using genetically modified phages for therapy (public perception,
environmental impact)

• Need for specialized training of healthcare professionals in phage therapy administration and
monitoring

Phage therapy: Research and clinical trials

Current clinical trials and compassionate use
• Ongoing clinical trials evaluate safety and efficacy for various conditions (chronic otitis, diabetic foot
ulcers, prosthetic joint infections)

• Compassionate use programs show promising results in multi-drug resistant infections (Pseudomonas
aeruginosa in cystic fibrosis patients)

• Phase I and II trials explore phage therapy for urinary tract infections and burn wound infections

• Veterinary clinical trials investigate phage therapy for animal infections (bovine mastitis, aquaculture
diseases)
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Advanced research and future directions
• Optimization of phage delivery methods using nanoparticles and hydrogels improves stability and
targeted delivery

• Synthetic biology approaches engineer phages with enhanced properties (extended host range,
improved tissue penetration)

• Combination therapies using phages and antibiotics investigated for synergistic effects and resistance
reduction

• Large-scale genomic and metagenomic studies expand phage diversity understanding informing
therapy development

• Regulatory agencies (FDA, EMA) develop new frameworks facilitating clinical development and
approval of phage-based therapeutics

• Exploration of phage-derived enzymes (endolysins, depolymerases) as alternative antimicrobial
agents

• Investigation of phage therapy in non-bacterial applications (cancer treatment, microbiome
modulation)
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Unit 6 – Plant Viruses and Their Impact
6.1 Major plant virus families and their characteristics
Plant viruses come in diverse families, each with unique characteristics. From the rod-shaped Tobacco
mosaic virus to the twinned particles of Geminiviridae, these pathogens showcase a variety of structures
and genome types. Understanding their differences is key to grasping their impact on agriculture.

This topic dives into major plant virus families like Potyviridae and Bromoviridae, exploring their particle
morphology and genome organization. We'll also look at replication strategies, classification systems, and
how these viruses interact with their host plants, causing diseases that affect crops worldwide.

Plant Virus Families

Major Plant Virus Families
• Potyviridae stands as the largest plant virus family

• Characterized by flexuous filamentous particles

• Contains single-stranded positive-sense RNA genome

•

Examples include Potato virus Y and Turnip mosaic virus

•

Geminiviridae viruses feature unique twinned icosahedral particles

• Possess single-stranded circular DNA genome

• Transmitted by whiteflies

•

Cause significant crop losses worldwide (cassava mosaic disease, tomato yellow leaf curl)

•

Bromoviridae family encompasses viruses with varied morphology

• Exhibit icosahedral or bacilliform particles

• Contain tripartite genome of positive-sense single-stranded RNA

• Examples include Brome mosaic virus and Cucumber mosaic virus

Unique Plant Virus Families
• Caulimoviridae viruses stand out among plant viruses

• Contain double-stranded DNA genome

• Replicate via reverse transcription

• Known as plant pararetroviruses
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•

Examples include Cauliflower mosaic virus and Banana streak virus

•

Tombusviridae family comprises small icosahedral viruses

• Possess positive-sense single-stranded RNA genome

• Often transmitted through soil or water

•

Examples include Tomato bushy stunt virus and Carnation mottle virus

•

Luteoviridae family consists of phloem-limited viruses

• Transmitted persistently by aphids

• Contain single-stranded positive-sense RNA genome

•

Examples include Barley yellow dwarf virus and Potato leafroll virus

•

Closteroviridae family includes largest known plant RNA viruses

• Feature long, flexuous particles

• Possess complex genome organization

• Examples include Citrus tristeza virus and Beet yellows virus

Plant Virus Structure and Genome

Virus Particle Morphology
• Plant virus particles (virions) exhibit diverse shapes and sizes

• Icosahedral (spherical) particles measure ~20-30 nm in diameter (Tombusvirus)

• Rod-shaped particles range from 300-500 nm in length (Tobacco mosaic virus)

•

Filamentous particles can reach up to 2000 nm in length (Potyvirus)

•

Capsid composition plays crucial roles in virus function

• Constructed from multiple copies of one or few types of coat proteins

• Protects viral genome from environmental degradation

• Facilitates virus transmission between hosts
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• Mediates interactions with host cellular components

Genome Types and Organization
• Plant virus genomes display diverse nucleic acid compositions

• Single-stranded or double-stranded

• DNA or RNA based

•

Segmented or non-segmented

•

Positive-sense single-stranded RNA genomes predominate

• Serve directly as mRNA for protein synthesis upon infection

•

Examples include Tobacco mosaic virus and Potato virus X

•

Negative-sense RNA genomes require additional steps

• Found in viruses like plant rhabdoviruses (Lettuce necrotic yellows virus)

•

Necessitate complementary RNA synthesis before protein production

•

Genome organization maximizes coding capacity

• Utilizes overlapping open reading frames

• Employs polyprotein strategy (common in Potyviridae)

•

Produces subgenomic RNAs for efficient gene expression

•

Movement proteins feature prominently in plant virus genomes

• Essential for cell-to-cell movement through plasmodesmata

• Examples include the 30K protein of Tobacco mosaic virus and the triple gene block of potexviruses

Plant Virus Replication Strategies

RNA Virus Replication
• RNA-dependent RNA polymerase (RdRp) plays a central role

• Synthesizes complementary strands and new genomic RNA
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•

Often encoded by the viral genome

•

Positive-sense RNA viruses employ direct translation strategy

• Genomic RNA serves as mRNA upon entering host cell

• Produces viral proteins, including RdRp for genome replication

•

Examples include viruses from Potyviridae and Bromoviridae families

•

Negative-sense RNA viruses require additional steps

• Virion-associated RdRp synthesizes complementary positive-sense RNA

• Resulting RNA serves as template for protein production and genome replication

• Examples include plant rhabdoviruses (Sonchus yellow net virus)

DNA Virus Replication
• DNA plant viruses utilize varied replication mechanisms

• Geminiviruses replicate in the nucleus using host DNA polymerases

• Employ rolling circle mechanism for genome amplification

•

Examples include Maize streak virus and Tomato yellow leaf curl virus

•

Caulimoviruses use unique reverse transcription strategy

• Replicate dsDNA genome via pre-genomic RNA intermediate

• Reverse transcriptase enzyme synthesizes new DNA strands

• Examples include Cauliflower mosaic virus and Cassava vein mosaic virus

Replication Complexes and Strategies
• Many plant viruses form specialized replication complexes

• Associated with cellular membranes (endoplasmic reticulum, chloroplasts)

• Concentrate viral and host factors necessary for replication

•

Examples include the cylindrical inclusions of potyviruses

•
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Subgenomic RNA production serves as expression strategy

• Allows expression of genes located internally on genomic RNA

• Commonly used by viruses with larger genomes

• Examples include Tobacco mosaic virus and Brome mosaic virus

Plant Virus Classification

Baltimore Classification System
• Groups plant viruses into seven classes based on genome and replication

• Class I: dsDNA viruses (Caulimoviridae)

• Class II: ssDNA viruses (Geminiviridae)

• Class III: dsRNA viruses (Reoviridae)

• Class IV: (+)ssRNA viruses (Potyviridae, Bromoviridae)

• Class V: (-)ssRNA viruses (Rhabdoviridae)

• Class VI: ssRNA-RT viruses (not found in plants)

•

Class VII: dsDNA-RT viruses (Caulimoviridae)

•

System facilitates understanding of viral replication strategies

• Provides insights into genome structure and expression mechanisms

• Allows for comparison of viruses across different host types

Morphological Classification
• Categorizes plant viruses based on particle shape and structure

• Icosahedral (spherical) viruses

• Rod-shaped viruses

•

Filamentous viruses

•

Icosahedral viruses feature symmetrical protein shells

• Composed of multiple copies of one or few coat protein types

•

Examples include viruses from Bromoviridae and Tombusviridae families

•
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Rod-shaped viruses exhibit helical symmetry

• Coat proteins arranged around RNA genome in spiral formation

•

Tobacco mosaic virus serves as classic example

•

Filamentous viruses possess flexible, elongated particles

• Coat proteins encapsidate RNA genome in long, thin structures

• Potyviruses and closteroviruses exemplify this morphology

Unique Morphological Features
• Geminiviruses display distinctive twinned particle structure

• Consist of two incomplete icosahedra joined together

•

Reflect their bipartite genome organization

•

Some plant viruses exhibit complex structures

• Rhabdoviruses feature enveloped, bacilliform particles

• Contain additional structural proteins (nucleocapsid, matrix proteins)

• Examples include Lettuce necrotic yellows virus and Potato yellow dwarf virus

6.2 Plant virus transmission and host range
Plant viruses are sneaky invaders that use clever tricks to spread and infect crops. They hitch rides on
insects, contaminate seeds, and exploit our farming practices to move between plants. Some viruses are
picky eaters, while others will infect almost anything.

Understanding how plant viruses travel and choose their victims is crucial for protecting our food supply. By
learning their transmission modes and host preferences, we can develop better strategies to stop these
microscopic menaces from ruining harvests.

Plant virus transmission modes

Vector-mediated and mechanical transmission
• Vector-mediated transmission involves biological agents (insects, nematodes, fungi) carrying viruses
externally or internally

• Insect vectors (aphids, whiteflies, leafhoppers, thrips) efficiently spread many plant viruses between
hosts

• Mechanical transmission occurs through physical contact and wounding

• Facilitated by agricultural practices (pruning, harvesting)
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• Plant-to-plant contact in dense crop stands

• Contaminated tools and equipment spread viruses between plants

• Soil-borne transmission enabled by viruses persisting in soil and infecting roots

• Often facilitated by vector organisms (fungi, nematodes)

Seed and vegetative transmission
• Seed transmission passes viruses from infected parents to offspring

• Leads to widespread dissemination in new plantings (lettuce mosaic virus)

• Vegetative propagation methods spread viruses

• Grafting of infected plant material

• Use of virus-containing cuttings for propagation

• Particularly important in horticulture/agriculture (potato viruses)

• Efficiency and prevalence of transmission modes vary among virus species

• Influences virus epidemiology and control strategies

• Some viruses rely primarily on one mode, others use multiple (tobacco mosaic virus)

Insect vectors in virus spread

Transmission modes and mechanisms
• Insect vector transmission categorized into distinct modes:

• Non-persistent: Rapid acquisition/inoculation within seconds to minutes

• Stylet-borne viruses on mouthparts (cucumber mosaic virus)

• Semi-persistent: Intermediate retention time of hours to days

• Viruses bind to foregut (cauliflower mosaic virus)

• Persistent: Longer acquisition periods, virus circulates through insect body

• May replicate in vector (propagative transmission)

• Examples: Tomato yellow leaf curl virus, rice tungro virus

• Specific molecular interactions evolve between viruses and vectors

• Enhances transmission efficiency and specificity

• Viral coat proteins often involved in vector binding

Vector ecology and management
• Vector feeding behavior influences virus spread

• Probing activity of aphids spreads non-persistent viruses

• Extended phloem feeding transmits persistent viruses
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• Population dynamics affect disease pressure

• Seasonal fluctuations in vector numbers impact transmission rates

• Migration patterns of vectors

• Long-distance movement spreads viruses to new areas (whitefly-transmitted geminiviruses)

• Management of vector populations key for virus control

• Insecticides reduce vector numbers

• Cultural practices like reflective mulches repel vectors

• Resistant plant varieties deter vector feeding

Host range of plant viruses

Viral and host factors
• Viral genetic factors determine host specificity

• Presence of specific genes or protein domains

• Ability to overcome plant resistance mechanisms

• Plant cellular factors essential for infection

• Appropriate receptors for virus attachment

• Susceptibility genes supporting viral replication

• Compatibility between viral and host proteins crucial

• Interactions required for replication and movement

• Host translation factors needed for viral protein synthesis

• Co-evolution shapes virus-host relationships

• Plants develop resistance mechanisms

• Viruses adapt to overcome plant defenses

• Results in varying host ranges (narrow vs broad)

Environmental and ecological influences
• Environmental conditions affect infection and replication

• Temperature impacts viral replication rates

• Humidity influences vector activity and plant susceptibility

• Light levels alter plant defense responses

• Presence and abundance of vectors indirectly affect host range

• Determines likelihood of transmission to different plant species

• Absence of vectors limits spread to potential hosts
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• Ecosystem diversity influences host availability

• Monocultures increase risk of host-adapted viruses

• Diverse plant communities may limit virus spread

Virus movement within the host

Intracellular and cell-to-cell movement
• Intracellular movement transports viral genomes

• From replication sites to cell periphery

• Utilizes host cytoskeleton (microtubules, actin filaments)

• Endomembrane system aids transport (endoplasmic reticulum)

• Cell-to-cell movement occurs through modified plasmodesmata

• Viral movement proteins increase size exclusion limit

• Allows passage of viral nucleoprotein complexes

• Some viruses form tubular structures through plasmodesmata

• Enables entire virion passage (cauliflower mosaic virus)

Systemic spread and factors affecting movement
• Long-distance movement through phloem enables systemic spread

• Specific viral proteins required for vascular entry/exit

• Phloem-limited viruses restricted to vascular tissue (luteoviruses)

• Movement speed and efficiency varies

• Depends on virus species, host plant, and environment

• Influences symptom development and disease progression

• Plant developmental stage affects viral movement

• Some tissues more permissive at different growth stages

• Mature plant resistance can limit systemic spread

• Environmental factors impact movement

• Temperature affects protein function and plasmodesmata structure

• Water stress alters phloem transport dynamics

6.3 Plant-virus interactions and disease symptoms
Plant viruses are sneaky invaders that mess with plants' inner workings. They slip past cell walls, hijack
plant machinery, and spread through tiny tunnels between cells. Plants fight back with immune responses
and RNA interference, but viruses have tricks to dodge these defenses.
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Viral infections cause all sorts of weird plant symptoms. Leaves might get spotty or curly, plants can end up
stunted, and fruits may develop funky patterns. These symptoms happen because viruses disrupt normal
plant processes, throwing off growth and messing with hormones.

Plant-Virus Interactions

Viral Entry and Movement
• Plant viruses overcome physical barriers (cell wall, plasma membrane) to enter plant cells and initiate
infection

• Viruses utilize mechanisms for cell-to-cell movement

• Plasmodesmata modification

• Production of movement proteins

• Viral replication complexes form in association with host cell membranes

• Lead to reorganization of cellular structures (endoplasmic reticulum, Golgi apparatus)

Plant Immune Responses
• Plant immune system recognizes viral components through pattern recognition receptors (PRRs)

• Initiates PAMP-triggered immunity (PTI)

• Activates defense-related genes (pathogenesis-related proteins)

• RNA interference (RNAi) serves as a defense mechanism against viruses

• Targets and degrades viral RNA

• Limits viral replication and spread

• Plant hormones mediate antiviral responses and systemic acquired resistance

• Salicylic acid induces expression of defense genes

• Jasmonic acid activates wound response pathways

Viral Countermeasures
• Viruses employ suppressors of RNA silencing to counteract plant's RNAi defense

• P19 protein of tombusviruses sequesters siRNAs

• HC-Pro of potyviruses inhibits RISC assembly

• Some plant viruses manipulate host gene expression

• Create favorable environment for viral replication

• Suppress host defense responses (downregulation of resistance genes)

• Viral proteins interact with host factors

• Disrupt normal cellular processes (protein synthesis, cell cycle regulation)

• Enhance viral replication and movement (recruitment of host proteins)
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Plant Viral Symptoms

Leaf and Stem Symptoms
• Mosaic patterns develop on leaves

• Irregular patches of light and dark green or yellow areas

• Caused by uneven distribution of chlorophyll (Tobacco Mosaic Virus)

• Leaf deformation occurs due to altered cell growth and division

• Curling, crinkling, or distortion of leaves

• Examples include leaf curl in tomatoes (Tomato Yellow Leaf Curl Virus)

• Chlorosis results from chlorophyll degradation or inhibited synthesis

• Yellowing of leaves, often starting between veins

• Observed in plants infected with Cucumber Mosaic Virus

• Vein-related symptoms appear in vascular tissues

• Vein clearing: lightening of leaf veins

• Vein banding: darkening of leaf veins

• Common in plants infected with Potato Virus Y

Whole Plant and Fruit Symptoms
• Stunting reduces overall plant growth and development

• Smaller plant size and reduced yield

• Often seen in cereals infected with Barley Yellow Dwarf Virus

• Necrosis causes localized death of plant tissues

• Brown or black lesions on leaves, stems, or fruits

• Example: local lesions caused by Tobacco Necrosis Virus

• Ringspots form circular patterns on leaves or fruits

• Chlorotic or necrotic tissue in ring-like formations

• Characteristic symptom of Tomato Spotted Wilt Virus

Disease Development in Plants

Cellular and Metabolic Disruptions
• Viral interference with chloroplast function and structure leads to chlorosis and mosaic patterns

• Disrupts photosynthesis and chlorophyll production

• Alters thylakoid membrane organization

• Virus-induced changes in carbohydrate metabolism affect plant growth



Fiveable archived study guides Page 76

• Redirects nutrients to support viral replication

• Impairs sugar transport from source to sink tissues

• Viral proteins interact with host factors involved in cellular processes

• Disrupt chloroplast function (inhibition of RuBisCO)

• Alter protein synthesis (hijacking of host ribosomes)

• Interfere with cell cycle regulation (induction of cell division in mature tissues)

Hormonal and Developmental Effects
• Altered hormone balances caused by viral infection result in abnormal growth patterns

• Contributes to leaf deformation and stunting

• Disrupts apical dominance and branching patterns

• Viral movement proteins accumulate in plasmodesmata

• Affects cell-to-cell communication

• Causes developmental abnormalities (leaf malformation, stem fasciation)

• Viral suppression of RNA silencing disrupts normal gene expression patterns

• Alters developmental timing (delayed flowering)

• Affects organ formation and differentiation

Plant Defense Responses
• Programmed cell death (PCD) triggered by hypersensitive response (HR) forms necrotic lesions

• Restricts viral spread to infected areas

• Can lead to systemic necrosis in severe cases

• Systemic acquired resistance (SAR) induces defense responses throughout the plant

• Upregulates pathogenesis-related (PR) proteins

• Primes uninfected tissues for future infections

Environmental Influence on Plant-Virus Interactions

Abiotic Factors
• Temperature fluctuations affect viral replication rates and plant defense responses

• Higher temperatures can increase symptom severity (Potato Virus Y)

• Lower temperatures may suppress viral symptoms (Tobacco Mosaic Virus)

• Light intensity and photoperiod impact photosynthesis and plant metabolism

• Low light conditions can exacerbate chlorosis symptoms

• Altered day length affects viral movement in some plant species
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• Soil nutrients and water availability affect plant vigor and stress levels

• Nutrient deficiencies can increase susceptibility to viral infections

• Drought stress may enhance viral symptom expression

Biotic and Environmental Stressors
• Humidity levels influence survival and spread of viral vectors

• High humidity favors aphid reproduction, increasing virus transmission

• Low humidity can reduce vector populations, limiting disease spread

• Air pollution and other abiotic stresses weaken plant defenses

• Ozone exposure can increase susceptibility to viral infections

• Heavy metal contamination may exacerbate viral symptoms

• Presence of other pathogens or pests creates synergistic or antagonistic effects

• Co-infection with multiple viruses can lead to more severe symptoms

• Some bacterial infections may enhance plant resistance to viruses

Climate Change Impacts
• Climate change-induced alterations affect virus and vector distribution

• Warmer temperatures expand geographical range of certain viruses

• Changes in precipitation patterns influence vector populations

• Extreme weather events impact plant-virus interactions

• Increased frequency of storms can damage plants, facilitating viral entry

• Extended drought periods may increase plant susceptibility to viruses

6.4 Economic impact and control strategies for plant viral diseases
Plant viruses can devastate crops, causing huge economic losses. They slash yields, ruin quality, and
mess with trade. Farmers face higher costs and lower income, while food security takes a hit in hard-hit
areas.

Luckily, we've got tools to fight back. From virus-free seeds to resistant varieties, there are ways to prevent
and manage outbreaks. But it's tricky – viruses evolve fast, and climate change is shaking things up. We
need smart, flexible strategies to stay ahead.

Economic Impacts of Plant Viruses

Crop Yield and Quality Reduction
• Plant viral diseases significantly reduce crop yield, quality, and marketability in agriculture and
horticulture

• Viral infections decrease photosynthetic capacity and stunt growth
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• Altered plant physiology results in reduced crop production

• Certain viral diseases render entire crops unmarketable (tomato spotted wilt virus in tomatoes)

• Economic losses vary based on virus type, host plant, environment, and location (potato virus Y in
potatoes)

Direct and Indirect Economic Losses
• Direct losses stem from reduced harvests and crop failure

• Indirect costs associated with disease management and prevention

• Increased expenses for pesticides and vector control

• Implementation of cultural practices for disease mitigation

• Long-term consequences include increased production costs and reduced farm income

• Potential food security issues arise in severely affected regions (cassava mosaic disease in Africa)

Global Trade and Market Impacts
• Infected crops face import restrictions or bans in international trade

• Economic ripple effects on related industries (food processing, transportation)

• Market price fluctuations due to supply shortages caused by viral outbreaks

• Long-term shifts in crop production patterns to avoid high-risk areas

Control Strategies for Plant Viruses

Preventive Measures and Cultural Practices
• Use virus-free planting material to prevent initial infection

• Implement quarantine regulations to limit virus introduction and spread

• Manage virus vectors through various techniques (insect-proof screens, reflective mulches)

• Employ crop rotation to break disease cycles (rotating tomatoes with non-solanaceous crops)

• Adjust planting dates to avoid peak vector populations

• Modify irrigation and fertilization regimes to reduce plant stress and susceptibility

Chemical and Biological Control Methods
• Apply insecticides or other pest control products to manage virus vectors (aphids, whiteflies)

• Utilize natural enemies of virus vectors for biological control (parasitoid wasps for aphid control)

• Implement cross-protection techniques using mild virus strains

• Integrate multiple control strategies in IPM approaches for sustainable management

• Combine cultural practices with targeted chemical applications

• Monitor virus presence and vector populations to inform control decisions
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Resistant Crop Varieties and Breeding
• Develop virus-resistant crop varieties through conventional breeding

• Utilize genetic engineering to create resistant plants

• Incorporate genes from resistant wild relatives

• Introduce synthetic resistance genes

• Implement resistance gene pyramiding for enhanced protection

• Carefully manage resistant variety deployment to prevent resistance-breaking virus strains

Genetic Resistance to Plant Viruses

Mechanisms of Genetic Resistance
• Immunity prevents virus infection and replication completely

• Tolerance reduces symptom expression without eliminating the virus

• Recovery involves initial infection followed by resistance to subsequent infections

• Molecular mechanisms include:

• Restriction of virus replication (RNA silencing)

• Inhibition of cell-to-cell movement (modified plasmodesmata)

• Prevention of long-distance virus transport (phloem-based resistance)

Sources and Development of Resistance
• Identify natural genetic resistance in wild relatives or landraces of crop plants

• Introgress resistance genes into commercial varieties through breeding programs

• Utilize transgenic approaches for novel resistance forms

• RNA interference (RNAi) to target viral genes

• CRISPR-Cas9 gene editing to modify host susceptibility factors

• Combine multiple resistance mechanisms for enhanced durability

• Pyramid resistance genes from different sources

• Integrate different resistance mechanisms (immunity + tolerance)

Management and Deployment of Resistant Varieties
• Carefully plan resistant variety deployment to maintain long-term effectiveness

• Monitor for emergence of resistance-breaking virus strains

• Implement resistance management strategies

• Rotate different resistance sources in cropping systems

• Use resistant varieties in combination with other control measures
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• Continually develop new resistance sources to stay ahead of virus evolution

Challenges in Controlling Plant Viruses

Viral Evolution and Diversity
• Rapid evolution of plant viruses challenges development of durable control measures

• High genetic diversity among virus populations complicates resistance breeding

• Viruses quickly adapt to overcome resistance or control strategies

• Mutations in viral genomes lead to new pathogenic variants

• Recombination between different virus strains creates novel threats

Complex Pathosystems and Environmental Factors
• Intricate interactions between viruses, plant hosts, and vectors hinder universal control measures

• Limited understanding of molecular mechanisms in virus-host interactions

• Climate change alters virus-vector-host dynamics

• Shifts in vector distribution and abundance

• Changes in plant susceptibility due to environmental stress

• Emergence of new or previously uncharacterized plant viruses requires constant vigilance

Economic and Regulatory Constraints
• Resource limitations in developing countries restrict implementation of advanced control strategies

• Regulatory hurdles slow down the approval and adoption of genetically engineered resistant varieties

• Economic pressures may lead to overreliance on single control methods, increasing risk of resistance
breakdown

• Potential ecological consequences of control measures must be carefully evaluated

• Impacts on non-target organisms (beneficial insects, soil microbiota)

• Disruption of ecosystem services (pollination, natural pest control)
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Unit 7 – Animal Viruses – Overview and
Key Families
7.1 Classification and characteristics of major animal virus families
Animal viruses come in many shapes and sizes, but they all share one goal: to infect and replicate inside
host cells. From tiny parvoviruses to massive poxviruses, these microscopic invaders use clever tricks to
sneak into our bodies and hijack our cellular machinery.

Understanding how viruses are classified helps us make sense of their diverse strategies. Whether they
use DNA or RNA, envelopes or naked capsids, each viral family has evolved unique ways to spread and
cause disease. Let's break down the key players and their sneaky tactics.

Animal Virus Classification

Nucleic Acid-Based Classification
• Animal viruses classified primarily by nucleic acid type (DNA or RNA) and strand configuration
(single-stranded or double-stranded)

• Baltimore classification system categorizes viruses into seven groups based on genome and
replication strategy

• Group I: dsDNA viruses (Herpesviridae)

• Group II: ssDNA viruses (Parvoviridae)

• Group III: dsRNA viruses (Reoviridae)

• Group IV: (+)ssRNA viruses (Coronaviridae)

• Group V: (-)ssRNA viruses (Rhabdoviridae)

• Group VI: ssRNA-RT viruses (Retroviridae)

• Group VII: dsDNA-RT viruses (Hepadnaviridae)

• Viral replication strategies determined by genome nature

• Direct translation for (+)ssRNA viruses

• Complementary mRNA production for (-)ssRNA and dsRNA viruses

• Reverse transcription for retroviruses and hepadnaviruses

Taxonomic Classification System
• International Committee on Taxonomy of Viruses (ICTV) provides standardized classification system

• ICTV incorporates genetic, structural, and biological properties for comprehensive classification

• Hierarchical classification system organizes viruses into families, subfamilies, genera, and species

• Virus families subdivided based on shared characteristics and evolutionary relationships
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• Examples of virus families: Orthomyxoviridae (influenza viruses), Flaviviridae (dengue virus, Zika
virus)

Animal Virus Structure

Basic Structural Components
• Viral structures consist of nucleic acid genome, protein capsid, and sometimes lipid envelope

• Capsid symmetry serves as key morphological feature

• Icosahedral symmetry (adenoviruses, polioviruses)

• Helical symmetry (influenza viruses, measles virus)

• Enveloped viruses acquire lipid bilayer from host cell membranes

• Viral glycoproteins embedded in envelope crucial for cell entry (hemagglutinin in influenza viruses)

• Specific structural proteins play important roles

• Matrix proteins in some enveloped viruses aid in virion assembly and stability (M1 protein in influenza
viruses)

Complex Virus Structures
• Complex viruses possess additional structural elements

• Poxviruses have lateral bodies and surface tubules

• Herpesviruses contain tegument layer between capsid and envelope

• Virus size varies greatly among families

• Small non-enveloped viruses: 20-30 nm (parvoviruses)

• Large, complex viruses: 200-400 nm (poxviruses, mimiviruses)

• Unique structural features in certain virus families

• Filoviruses (Ebola virus) have filamentous morphology

• Rhabdoviruses (rabies virus) exhibit bullet-shaped structure

Animal Virus Replication

General Replication Stages
• Attachment: virus binds to specific receptors on host cell surface

• Entry: viruses enter cells through various mechanisms (endocytosis, membrane fusion)

• Uncoating: viral genome released into host cell

• Gene expression: viral genes transcribed and translated using host or viral machinery

• Genome replication: viral genomes copied using host or viral enzymes

• Assembly: viral components come together to form new virions
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• Release: mature virions exit the cell through budding or cell lysis

Replication Strategies of Different Virus Families
• DNA virus families typically replicate in nucleus

• Herpesviridae use host RNA polymerase II for transcription

• Adenoviridae encode their own DNA-dependent DNA polymerase

• RNA virus families often replicate in cytoplasm

• Flaviviridae use virus-encoded RNA-dependent RNA polymerase

• Orthomyxoviridae replicate in nucleus, unique among RNA viruses

• Retroviruses (Retroviridae) employ unique replication strategy

• Reverse transcription of RNA genome into DNA

• Integration of viral DNA into host genome as provirus

• Some virus families use complex replication strategies

• Hepadnaviridae involve both DNA and RNA intermediates

• Reverse transcription of pregenomic RNA to produce DNA genome

Temporal Regulation of Viral Gene Expression
• Viral gene expression often temporally regulated

• Immediate-early genes: expressed first, often regulatory proteins

• Early genes: involved in genome replication and protein production

• Late genes: typically structural proteins for virion assembly

• Examples of temporal regulation:

• Herpesviruses have distinct immediate-early, early, and late gene phases

• Adenoviruses express early genes before DNA replication, late genes after

Animal Virus Pathogenesis

Virus-Host Interactions
• Virus tropism determines ability to infect specific cell types or tissues

• Influenced by receptor specificity (CD4 receptor for HIV)

• Cellular factors affect replication (transcription factors, enzymes)

• Transmission modes vary among virus families

• Respiratory droplets (influenza viruses)

• Bodily fluids (HIV, hepatitis B virus)

• Vector-borne transmission (dengue virus, Zika virus)
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• Viral pathogenesis mechanisms include:

• Direct cell lysis (poliovirus in motor neurons)

• Immune-mediated damage (liver damage in hepatitis B infection)

• Alteration of host cell function (oncogenic viruses)

Infection Patterns and Disease Outcomes
• Some virus families establish latent infections

• Herpesviridae (herpes simplex virus, varicella-zoster virus)

• Periodic reactivation leads to recurrent symptoms

• Other families cause acute infections with rapid clearance

• Picornaviridae (common cold viruses)

• Short-lived symptoms followed by recovery

• Certain virus families associated with oncogenesis

• Papillomaviridae (human papillomavirus causing cervical cancer)

• Retroviridae (human T-cell lymphotropic virus causing leukemia)

• Mechanisms of viral oncogenesis:

• Integration into host genome disrupting tumor suppressor genes

• Expression of viral oncoproteins (E6 and E7 in HPV)

Immune Response and Viral Evasion
• Immune response to viral infections varies among families

• Innate immune responses (type I interferons, natural killer cells)

• Adaptive immune responses (antibodies, cytotoxic T cells)

• Viruses evolve mechanisms to evade or suppress host immunity

• Antigenic drift in influenza viruses

• Immune exhaustion in chronic hepatitis B virus infection

• Examples of immune evasion strategies:

• Herpesviruses encode proteins that interfere with antigen presentation

• HIV targets and depletes CD4+ T cells, compromising immune function

7.2 Host range and tissue tropism
Viruses are picky eaters, choosing specific hosts and tissues to infect. This selectivity, known as host
range and tissue tropism, shapes how viruses spread and cause disease. Understanding these
preferences is key to grasping viral behavior and impact.
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From rabies targeting mammals to influenza infecting birds and humans, viral host choices vary widely.
These preferences are influenced by viral features, host factors, and environmental conditions. Knowing a
virus's dining habits helps us predict its spread and develop targeted treatments.

Host range and tissue tropism

Definitions and significance
• Host range encompasses the spectrum of host species a virus infects and replicates within, varying
from narrow (one or few closely related species) to broad (multiple diverse species)

• Tissue tropism determines virus specificity for certain cell types or tissues within a host organism,
affecting primarily infected organs or systems

• Interconnected concepts influence virus capacity to infect different host species and specific tissues

• Fundamental properties help classify and characterize viruses, providing insights into evolutionary
history and cross-species transmission potential

• Critical factors determine epidemiology, pathogenesis, and zoonotic risk of animal viruses

Classification and characterization
• Narrow host range viruses infect limited species (rabies virus primarily infects mammals)

• Broad host range viruses infect diverse species (influenza A viruses infect birds, humans, pigs)

• Tissue tropism examples include hepatotropic viruses (hepatitis B virus) and neurotropic viruses
(rabies virus)

• Host range and tissue tropism aid in virus taxonomy and classification systems

• Provide insights into virus evolution and adaptation to new hosts or tissues

Factors influencing host range

Viral factors
• Viral surface proteins, particularly receptor-binding proteins, mediate attachment to specific host cell
receptors

• Genome composition impacts host range by requiring specific host factors for replication or gene
expression

• Replication strategies vary among viruses, affecting their ability to utilize host cell machinery

• Genetic mutations in viral genomes lead to host range alterations, potentially causing emerging
infectious diseases

• Viral stability under different environmental conditions (temperature, pH) affects infectivity across
hosts

Host factors
• Presence and distribution of cellular receptors in different species and tissues determine viral tropism

• Intracellular factors availability (host cell machinery, restriction factors) affect viral replication
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• Host immune response (innate and adaptive immunity) selectively controls viral replication in tissues
or species

• Species-specific differences in cellular metabolism or gene expression influence virus ability to
complete life cycle

• Host genetics play a role in susceptibility or resistance to viral infections

Environmental factors
• Temperature affects viral stability and replication efficiency in different host species (avian influenza
viruses)

• pH conditions in various host environments impact viral particle stability and entry mechanisms

• Humidity levels influence viral transmission and survival outside the host (respiratory viruses)

• Seasonality affects prevalence and transmission of certain viruses (influenza viruses in winter months)

• Geographical distribution of host species impacts viral ecology and evolution

Viral recognition of host cells

Attachment and entry mechanisms
• Viral attachment proteins (spike proteins, fiber proteins) recognize and bind specific cellular receptors

• Multiple receptors or co-receptors utilized by some viruses for cell entry (HIV uses CD4 and
chemokine receptors)

• Receptor-mediated endocytosis common for viral entry, exploiting various pathways
(clathrin-mediated, caveolin-mediated)

• Membrane fusion facilitated by viral fusion proteins, triggered by specific cellular conditions (low pH in
endosomes)

• Alternative entry mechanisms include direct penetration or cell-to-cell spread

Post-entry events
• Uncoating and genome release often dependent on cell-type specific factors

• Initial replication steps require host cell machinery and may be cell-type specific

• Host cell factors (transcription factors, proteases) contribute to tropism and successful infection
establishment

• Viral genome replication and protein synthesis utilize host cell resources differently across cell types

• Assembly and release of viral particles may depend on cell-type specific mechanisms

Implications of host range and tissue tropism

Impact on viral pathogenesis
• Host range directly affects zoonotic transmission potential and emergence of new human pathogens
(SARS-CoV-2)
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• Tissue tropism determines primary viral replication sites, influencing clinical manifestations and
disease severity

• Changes in viral tropism lead to altered pathogenesis and potentially more severe or novel clinical
presentations

• Infection of immune cells affects host's ability to mount effective immune responses (HIV targeting
CD4+ T cells)

• Organ-specific tropism results in targeted damage or dysfunction, contributing to overall infection
pathology

Public health and medical implications
• Understanding host range and tissue tropism crucial for developing targeted antiviral therapies

• Influences effective vaccination strategies by impacting drug delivery and immune response induction

• Evolution of viral host range and tropism leads to new strains with altered virulence or transmission
patterns

• Challenges disease control efforts and requires continuous surveillance for emerging threats

• Informs risk assessment and preparedness planning for potential pandemics

7.3 Transmission and spread of animal viruses
Animal viruses spread through various routes, from direct contact to airborne transmission. Understanding
these pathways is crucial for controlling outbreaks. Factors like viral load, host susceptibility, and
environmental conditions all play a role in how efficiently viruses move between hosts.

Viral transmission mechanisms are complex, involving zoonotic events, within-host replication, and
evolutionary adaptations. These processes shape how viruses spread within and between species.
Studying transmission dynamics helps us develop better strategies for preventing and controlling viral
diseases in both animals and humans.

Routes of Animal Virus Transmission

Direct and Indirect Contact Transmission
• Direct contact transmission involves physical transfer of virus particles between infected and
susceptible hosts

• Occurs through bodily fluids (saliva, blood)

• Skin-to-skin contact (herpes simplex virus)

• Sexual contact (human papillomavirus)

• Indirect contact transmission transfers virus particles via contaminated surfaces or objects

• Fomites act as vehicles for transmission (doorknobs, shared utensils)

• Does not require direct host interaction

• Examples include norovirus on surfaces, influenza on contaminated objects
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Airborne and Vector-borne Transmission
• Airborne transmission spreads virus-containing droplets or aerosols through air

• Droplets larger than 5 μm settle quickly (influenza)

• Aerosols smaller than 5 μm remain suspended longer (measles)

• Inhalation by susceptible hosts leads to infection

• Vector-borne transmission relies on intermediate organisms to transfer viruses

• Typically involves arthropods as vectors

• Mosquitoes transmit viruses through bites (dengue, Zika)

• Ticks transfer viruses during blood meals (tick-borne encephalitis)

Vertical and Fecal-oral Transmission
• Vertical transmission passes viruses from parent to offspring

• In utero transmission (rubella, cytomegalovirus)

• During birth (herpes simplex virus, HIV)

• Through breast milk (HTLV-1)

• Fecal-oral transmission occurs when virus particles in feces contaminate food or water

• Ingestion by susceptible hosts leads to infection

• Common in enteric viruses (rotavirus, hepatitis A)

• Poor sanitation facilitates spread (poliovirus in contaminated water)

Factors Influencing Viral Transmission

Host and Viral Factors
• Viral load in infected host impacts transmission efficiency

• Higher viral titers generally increase transmissibility

• Varies by virus and stage of infection (HIV transmission risk highest during acute infection)

• Host susceptibility factors influence likelihood of successful viral infection

• Genetic predisposition (CCR5 mutation confers resistance to HIV)

• Immune status (immunocompromised individuals more susceptible)

• Age affects susceptibility (elderly more vulnerable to severe influenza)

• Viral genetic factors impact transmission efficiency

• Mutations enhance transmissibility (H5N1 avian influenza adapting to mammalian transmission)

• Host range expansion allows cross-species spread (SARS-CoV-2 adaptation to human ACE2
receptor)
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Environmental and Population Factors
• Environmental conditions affect viral particle stability outside the host

• Temperature influences survival (influenza virus more stable in cold, dry conditions)

• Humidity impacts aerosol transmission (respiratory viruses spread more easily in low humidity)

• UV radiation degrades viral particles (reduces transmission of some airborne viruses)

• Population density and social behavior determine interaction frequency

• Urban areas with high population density facilitate rapid spread (measles outbreaks in cities)

• Social behaviors affect transmission (handshaking, kissing increase direct contact transmission)

• Mode of transmission specific to each virus affects spread efficiency

• Respiratory viruses spread rapidly through air (influenza, SARS-CoV-2)

• Blood-borne viruses require specific exposure routes (HIV, hepatitis B)

• Host behavioral changes induced by viral infection influence transmission

• Increased aggression in rabies-infected animals promotes bite transmission

• Altered migration patterns of infected birds affect geographic spread of avian influenza

Mechanisms of Viral Spread

Zoonotic and Spillover Events
• Zoonotic transmission transfers viruses from animal reservoirs to humans

• Close contact with infected animals (Nipah virus from bats to humans)

• Consumption of infected animals (SARS-CoV from civets to humans)

• Spillover events occur when viruses overcome species barriers

• Genetic changes allow adaptation to new hosts (avian influenza adapting to mammals)

• Favorable environmental conditions facilitate cross-species transmission (deforestation bringing
humans into contact with novel viruses)

Viral Replication and Adaptation
• Within-host viral replication and shedding maintain transmission chains

• Some viruses establish persistent infections (hepatitis B, herpes viruses)

• Viral shedding periods vary (influenza virus sheds for ~5-7 days, norovirus can shed for weeks)

• Host range expansion involves viral adaptation to new species

• Genetic mutations allow viruses to bind new host receptors (SARS-CoV-2 spike protein mutations)

• Recombination events create novel viral strains (influenza reassortment leading to pandemic strains)

• Viral tropism influences potential for spread within and between species
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• Respiratory tropism facilitates airborne transmission (influenza, SARS-CoV-2)

• Neurotropic viruses can cause behavioral changes affecting transmission (rabies)

Evolutionary and Ecological Factors
• Evolutionary mechanisms allow viruses to evade host immune responses

• Antigenic drift involves gradual mutations (seasonal influenza virus evolution)

• Antigenic shift creates major changes through genetic reassortment (pandemic influenza strains)

• Ecological factors alter host-pathogen interactions

• Habitat destruction brings humans into contact with new viruses (Ebola virus emergence)

• Climate change affects vector distribution (expansion of mosquito-borne viruses to new regions)

Impact of Viral Transmission on Disease Control

Epidemiological Measures and Modeling
• Basic reproduction number (R0) determines potential for sustained transmission

• R0 > 1 indicates epidemic growth (measles R0 ~12-18, highly transmissible)

• R0 < 1 suggests disease will die out (SARS-CoV R0 ~3, controlled through public health measures)

• Transmission dynamics influence epidemic curve shape and duration

• Rapid transmission leads to steep epidemic curves (influenza outbreaks)

• Slower transmission results in flatter, prolonged curves (HIV epidemic)

• Mathematical modeling of viral transmission informs policy decisions

• Predicts outbreak trajectories (COVID-19 modeling guiding lockdown decisions)

• Helps allocate resources for disease prevention and control (vaccine distribution strategies)

Control Strategies and Challenges
• Understanding transmission routes crucial for targeted control measures

• Vaccination strategies based on transmission patterns (HPV vaccination targeting adolescents)

• Quarantine protocols for highly transmissible diseases (Ebola virus containment)

• Vector control programs for arthropod-borne viruses (mosquito abatement for dengue prevention)

• Asymptomatic or pre-symptomatic transmission complicates control efforts

• Necessitates comprehensive testing strategies (COVID-19 surveillance testing)

• Requires extensive contact tracing (identifying exposed individuals before symptom onset)

• Zoonotic potential and host range influence emerging disease risks

• Integrated One Health approaches needed for prevention (surveillance of wildlife populations)

• Control measures must address animal reservoirs (culling infected poultry for avian influenza control)
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• Viral mutation rates and adaptability impact long-term control effectiveness

• Ongoing surveillance required to detect emerging variants (SARS-CoV-2 variant monitoring)

• Regular adjustment of intervention strategies needed (annual influenza vaccine reformulation)

7.4 Zoonotic viruses and their significance
Zoonotic viruses jump from animals to humans, causing diseases that can spread like wildfire. These viral
hitchhikers make up most new human pathogens and pose a serious threat to global health.
Understanding them is key to preventing the next pandemic.

Animal viruses come in many shapes and sizes, but zoonotic ones are the real troublemakers. From rabies
to COVID-19, these viruses show how interconnected human and animal health really are. Let's dive into
the world of zoonotic viruses and why they matter.

Zoonotic viruses and public health

Definition and significance
• Zoonotic viruses naturally transmit between vertebrate animals and humans, causing disease in both
populations

• Originate in animals and spillover to humans, or vice versa, through various transmission routes
(direct contact, bodily fluids, vectors)

• Represent 60-75% of new human pathogens

• Crucial for global health security due to pandemic risks and economic impacts

• Understanding zoonotic viruses enables development of:

• Effective surveillance systems

• Prevention strategies

• Response measures to protect public health

Transmission and impact
• Multiple transmission pathways exist between animals and humans:

• Direct contact with infected animals (saliva, blood, urine)

• Consumption of contaminated animal products

• Exposure to environmental contamination (feces, nesting materials)

• Vector-borne transmission (mosquitoes, ticks)

• Zoonotic viruses can cause a wide range of diseases in humans:

• Mild flu-like symptoms

• Severe hemorrhagic fevers

• Neurological disorders

• Respiratory illnesses
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• Public health impacts include:

• Strain on healthcare systems

• Economic losses due to illness and control measures

• Disruption of social structures and daily life

• Potential for long-term health consequences in survivors

Key examples of zoonotic viruses

Mammalian reservoirs
• Rabies virus transmits primarily through infected animal bites

• Reservoir hosts include dogs, bats, raccoons, and foxes

• Causes fatal encephalitis in humans if left untreated

• Ebola virus associated with fruit bats as suspected natural reservoir

• Causes severe hemorrhagic fever in humans and non-human primates

• Outbreaks have occurred primarily in Central and West Africa

• Hantaviruses carried by rodents cause severe syndromes in humans

• Hantavirus Pulmonary Syndrome (HPS) in the Americas

• Hemorrhagic Fever with Renal Syndrome (HFRS) in Eurasia

• Transmission occurs through inhalation of aerosolized rodent excreta

Avian and swine reservoirs
• Influenza A viruses have diverse animal reservoirs

• Birds (wild waterfowl, domestic poultry) and pigs serve as major reservoirs

• Antigenic shift in these reservoirs can lead to pandemic strains

• Examples include:

• H1N1 (2009 Swine Flu pandemic)

• H5N1 (Highly Pathogenic Avian Influenza)

• West Nile virus primarily cycles between birds and mosquitoes

• Causes febrile illness and neuroinvasive disease in humans

• Spread to new geographic areas through bird migrations

Bat-origin coronaviruses
• SARS-CoV linked to horseshoe bats as primary reservoirs

• Civets served as intermediate hosts in the 2002-2003 outbreak

• Caused severe acute respiratory syndrome in humans
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• MERS-CoV associated with bats and dromedary camels

• Camels act as intermediate hosts for human transmission

• Causes Middle East Respiratory Syndrome, with high mortality rate

• SARS-CoV-2, the cause of COVID-19 pandemic, likely originated in bats

• Potential intermediate host still under investigation

• Demonstrates the pandemic potential of zoonotic coronaviruses

Emergence of zoonotic diseases

Ecological factors
• Deforestation and habitat destruction increase human-animal contact

• Disrupts natural viral ecosystems, facilitating spillover events

• Examples include Nipah virus emergence in Malaysia due to pig farming near bat habitats

• Urbanization encroaches on wildlife habitats

• Creates new interfaces for zoonotic transmission

• Increases population density, facilitating rapid disease spread

• Climate change affects vector distribution and animal migration

• Expands geographical range of vectors (mosquitoes, ticks)

• Alters animal migration patterns, introducing viruses to new areas

• Example: Expansion of Aedes albopictus mosquito range, vector for Chikungunya and Zika viruses

Human activities and practices
• Globalization and international travel enable rapid viral spread

• SARS-CoV spread to 29 countries within months in 2003

• COVID-19 became a global pandemic within weeks of initial detection

• Intensification of agriculture and livestock farming

• Creates conditions favorable for viral amplification

• Examples include:

• H5N1 avian influenza outbreaks in large poultry farms

• Nipah virus emergence in intensive pig farming areas

• Bushmeat consumption and live animal markets increase exposure risks

• Implicated in the spillover of Ebola virus and SARS-CoV

• Brings diverse animal species into close contact, facilitating viral exchange
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Viral and host factors
• Genetic mutations and recombination events in viruses

• Can lead to increased virulence or expanded host range

• Example: Emergence of SARS-CoV-2 with enhanced human-to-human transmission

• Lack of pre-existing immunity in human populations

• Makes populations susceptible to novel zoonotic viruses

• Contributes to rapid spread and severe disease outcomes

• Host species barriers and molecular adaptation

• Viruses must overcome species-specific cellular receptors and immune responses

• Gradual adaptation through intermediate hosts or direct spillover events

Challenges in controlling outbreaks

Surveillance and detection
• Limited understanding of viral ecology in animal reservoirs

• Hinders development of targeted surveillance strategies

• Challenges in predicting potential spillover events

• Inadequate global surveillance systems

• Gaps in monitoring wildlife and domestic animal populations

• Delays in detecting and reporting emerging threats

• Diagnostic challenges for novel zoonotic viruses

• Lack of readily available diagnostic tests for unknown pathogens

• Difficulties in differentiating from common endemic diseases

Prevention and response
• Rapid mutation rates complicate vaccine development

• Influenza viruses require annual vaccine updates

• Emerging viruses may evolve during outbreak, affecting vaccine efficacy

• Implementing effective biosecurity measures

• Challenges in resource-limited settings

• Balancing economic considerations with public health needs

• Cross-species transmission events often unpredictable

• Difficult to anticipate and prepare for specific outbreaks

• Requires broad-spectrum preparedness and response capabilities



Fiveable archived study guides Page 95

International cooperation and policy
• Coordinating international responses to outbreaks

• Overcoming political, logistical, and communication barriers

• Ensuring equitable access to resources and interventions

• Balancing public health interventions with socioeconomic factors

• Addressing cultural practices that increase transmission risks

• Mitigating economic impacts of control measures

• One Health approach implementation challenges

• Requires collaboration across human, animal, and environmental health sectors

• Overcoming institutional and disciplinary boundaries
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Unit 8 – Human Viral Pathogens – DNA
Viruses
8.1 Herpesviruses and their subfamilies
Herpesviruses are a diverse family of DNA viruses that cause a range of human diseases. They're split into
three subfamilies: Alpha, Beta, and Gamma, each with unique characteristics and infection patterns.

These viruses are masters of persistence, establishing lifelong latent infections in specific cell types. They
can reactivate under certain conditions, causing recurrent symptoms and posing challenges for treatment
and prevention.

Herpesvirus subfamilies and diseases

Classification and characteristics
• Herpesviridae family divides into three subfamilies: Alphaherpesvirinae, Betaherpesvirinae, and
Gammaherpesvirinae

• Classification stems from biological properties including host range, replication cycle duration,
cytopathology, and latency characteristics

• Herpesviruses exhibit varying degrees of host specificity

• Some infect a narrow range of hosts (HSV-1 primarily infects humans)

• Others have a broader host range (EBV can infect various primate species)

Alphaherpesvirinae
• Includes Herpes Simplex Virus 1 and 2 (HSV-1, HSV-2) and Varicella-Zoster Virus (VZV)

• Associated diseases:

• HSV-1: oral herpes (cold sores)

• HSV-2: genital herpes

• VZV: chickenpox (primary infection) and shingles (reactivation)

• Characterized by rapid replication cycle and establishment of latency in sensory ganglia

Betaherpesvirinae
• Comprises Cytomegalovirus (CMV) and Human Herpesvirus 6 and 7 (HHV-6, HHV-7)

• Associated diseases:

• CMV: congenital CMV infection, mononucleosis-like syndrome in adults

• HHV-6: roseola infantum (sixth disease)

• HHV-7: roseola infantum, febrile illnesses in children
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• Features slower replication cycle and establishment of latency in secretory glands, lymphoreticular
cells, and kidneys

Gammaherpesvirinae
• Includes Epstein-Barr Virus (EBV) and Kaposi's Sarcoma-associated Herpesvirus (KSHV)

• Associated diseases:

• EBV: infectious mononucleosis, Burkitt's lymphoma, nasopharyngeal carcinoma

• KSHV: Kaposi's sarcoma, primary effusion lymphoma, multicentric Castleman's disease

• Characterized by tropism for lymphoid cells and establishment of latency in lymphoid tissues

Structure and replication of herpesviruses

Viral structure
• Enveloped, double-stranded DNA viruses with distinctive icosahedral capsid

• Tegument layer surrounds capsid, containing viral proteins important for initial stages of infection

• Viral genome ranges from 120-230 kbp, encoding 70-200 genes

• Variations exist among different herpesvirus species (HSV-1: ~152 kbp, EBV: ~172 kbp)

• Envelope contains viral glycoproteins crucial for attachment and entry into host cells

Replication cycle
• Attachment: viral glycoproteins bind to specific host cell receptors

• HSV-1 glycoprotein D binds to nectin-1 or HVEM receptors

• Entry: fusion of viral envelope with cell membrane or endocytosis

• Uncoating: nucleocapsid transported to nuclear pore, viral DNA released into nucleus

• Gene expression follows coordinated cascade:

• Immediate-early genes: transcriptional regulators

• Early genes: enzymes for DNA replication

• Late genes: structural proteins

• DNA replication occurs in nucleus using rolling circle mechanism

• Produces concatemeric DNA cleaved and packaged into capsids

• Assembly and egress:

• Nucleocapsids acquire tegument proteins

• Envelopment occurs by budding through nuclear membrane and cellular organelles



Fiveable archived study guides Page 98

Latency and reactivation in herpesviruses

Latency mechanisms
• Viral genome exists as circular episome in nucleus of specific cell types

• Minimal gene expression during latency

• Latency-associated transcripts (LATs) crucial for:

• Maintaining latent state

• Protecting infected cells from apoptosis

• Epigenetic modifications regulate latent viral genomes:

• Histone modifications (acetylation, methylation)

• DNA methylation

Latency characteristics
• Different herpesvirus subfamilies establish latency in distinct cell types:

• Alphaherpesvirinae: neurons (HSV in trigeminal ganglia)

• Betaherpesvirinae: lymphocytes and monocytes (CMV in CD34+ hematopoietic progenitor cells)

• Gammaherpesvirinae: B lymphocytes (EBV in memory B cells)

• Latency programs vary among viruses:

• HSV: nearly complete transcriptional silencing

• EBV: multiple latency programs with varying gene expression profiles

Reactivation
• Triggered by various stimuli:

• Stress (physical or emotional)

• Immunosuppression (HIV infection, organ transplantation)

• Hormonal changes (menstruation, pregnancy)

• Molecular switch from latency to lytic replication involves:

• Expression of immediate-early genes

• Activation of transcriptional activators (HSV ICP0, EBV ZEBRA)

• Reactivation leads to resumption of lytic replication cycle

• Clinical manifestations may differ from primary infection (VZV reactivation causing shingles)
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Epidemiology and transmission of herpesviruses

Global distribution and prevalence
• Herpesviruses ubiquitous pathogens with worldwide distribution

• Seroprevalence rates vary among geographic regions and socioeconomic groups

• Higher rates often observed in developing countries and lower socioeconomic populations

• HSV-1 seroprevalence: ~67% globally, higher in Africa (~87%)

• CMV seroprevalence: ~83% in developing countries, ~54% in developed countries

Transmission routes
• Close contact with infected bodily fluids primary mode of transmission

• Saliva (HSV-1, EBV)

• Genital secretions (HSV-2)

• Blood (CMV, KSHV)

• Vertical transmission from mother to child occurs for some herpesviruses

• CMV leading cause of congenital infections (~0.6% of live births in developed countries)

• Age of primary infection varies among different herpesviruses:

• Childhood: HHV-6 (peak incidence at 6-12 months)

• Adolescence/adulthood: EBV, HSV-2

Risk factors and special populations
• Coinfection with multiple herpesviruses common

• Can lead to more severe clinical manifestations

• May alter immune responses to individual viruses

• Immunocompromised individuals at higher risk for severe infections and reactivations:

• HIV/AIDS patients (increased risk of CMV retinitis, KSHV-associated malignancies)

• Transplant recipients (CMV reactivation leading to graft rejection)

• Occupational exposure risks for healthcare workers and childcare providers

• Increased risk of acquiring CMV infection

8.2 Papillomaviruses and polyomaviruses
Papillomaviruses and polyomaviruses are small, non-enveloped DNA viruses that can cause various
diseases in humans. These viruses share similarities in structure and replication, but differ in genome size,
capsid composition, and gene organization.

Both virus families have oncogenic potential, with high-risk HPVs linked to cervical and other cancers.
Prevention and treatment strategies focus on vaccination, screening, and managing infections, especially
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in immunocompromised individuals.

Papillomavirus vs Polyomavirus Structure

Genome and Capsid Characteristics
• Papillomaviruses and polyomaviruses consist of small, non-enveloped DNA viruses belonging to
Papillomaviridae and Polyomaviridae families

• Both viruses contain circular, double-stranded DNA genomes

• Papillomaviruses possess larger genomes measuring approximately 8 kb

• Polyomaviruses have smaller genomes measuring approximately 5 kb

• Capsid structure differs between the two virus types

• Papillomaviruses have an icosahedral capsid composed of 72 capsomeres

• Polyomaviruses feature a smaller icosahedral capsid with 72 pentameric capsomeres

Gene Organization and Protein Expression
• Both viruses encode early (E) and late (L) proteins

• Papillomaviruses exhibit more complex gene organization compared to polyomaviruses

• Papillomaviruses encode six early proteins (E1, E2, E4, E5, E6, E7) and two late proteins (L1, L2)

• Polyomaviruses typically encode three early proteins (large T antigen, small t antigen, middle T
antigen) and three late proteins (VP1, VP2, VP3)

• Protein functions vary between the two virus types

• Papillomaviruses utilize E1 and E2 proteins for viral genome replication

• Polyomaviruses employ large T antigen (LT) for genome replication

Replication Cycle Differences
• Both viruses share similar overall replication steps including nuclear entry, genome amplification, and
progeny virion assembly

• Papillomaviruses require epithelial differentiation for complete replication

• Early gene expression occurs in basal epithelial cells

• Genome amplification and late gene expression happen in upper epithelial layers

• Polyomaviruses can replicate in various cell types without requiring cellular differentiation

• Regulatory mechanisms differ between the two virus types

• Papillomaviruses employ a complex regulatory mechanism involving E2 protein

• Polyomaviruses primarily rely on large T antigen for regulation of viral gene expression
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Oncogenic Potential of Papillomaviruses and Polyomaviruses

High-Risk HPV Oncogenesis
• High-risk human papillomaviruses (HPV 16, 18) associate with cervical, anogenital, and
oropharyngeal cancers

• Oncogenic potential of high-risk HPVs stems primarily from E6 and E7 oncoproteins

• E6 targets p53 tumor suppressor pathway, leading to inhibition of apoptosis

• E7 targets pRb tumor suppressor pathway, promoting uncontrolled cell proliferation

• Persistent infection with high-risk HPV types can progress to cervical intraepithelial neoplasia (CIN)

• CIN can further develop into cervical cancer through multi-step cellular transformation process

• Low-risk HPV types (HPV 6, 11) possess limited oncogenic potential

• Typically cause benign warts or condylomas

• Rarely progress to malignant lesions

Polyomavirus Oncogenic Mechanisms
• Merkel cell polyomavirus (MCPyV) associates with Merkel cell carcinoma, a rare aggressive skin
cancer

• MCPyV oncogenic mechanism involves two key steps:

• Integration of viral DNA into host genome

• Expression of truncated large T antigen, which drives cellular transformation

• Other polyomaviruses (BK virus, JC virus) demonstrate limited oncogenic potential in
immunocompetent individuals

• May contribute to cancer development in immunosuppressed patients

• BK virus associates with urothelial carcinomas in transplant recipients

• JC virus potentially contributes to colorectal cancer and brain tumors in immunocompromised
individuals

Papillomavirus and Polyomavirus Infections

Clinical Manifestations of HPV Infections
• HPV infections cause various clinical manifestations depending on virus type and infection site

• Cutaneous HPV infections lead to different types of warts

• Common warts (verruca vulgaris) typically appear on hands and feet

• Plantar warts develop on the soles of feet

• Flat warts often occur on face and legs

• Mucosal HPV infections result in genital warts and precancerous lesions
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• Condyloma acuminata caused by low-risk HPV types (HPV 6, 11)

• Cervical intraepithelial neoplasia (CIN) caused by high-risk HPV types (HPV 16, 18)

• HPV-related oropharyngeal cancers exhibit distinct characteristics

• Often affect younger, non-smoking individuals

• Generally have better prognosis compared to tobacco and alcohol-induced cancers

Polyomavirus-Associated Diseases
• BK virus causes nephropathy and hemorrhagic cystitis in immunosuppressed patients

• Particularly affects kidney transplant recipients

• Can lead to graft loss if left untreated

• JC virus acts as causative agent of progressive multifocal leukoencephalopathy (PML)

• Severe demyelinating disease of central nervous system

• Primarily affects immunocompromised individuals (HIV/AIDS patients, transplant recipients)

• Merkel cell polyomavirus infection typically remains asymptomatic in immunocompetent individuals

• Can lead to Merkel cell carcinoma in susceptible populations (elderly, immunosuppressed)

Prevention and Treatment of Papillomavirus and Polyomavirus Diseases

HPV Prevention and Management
• Prophylactic HPV vaccines effectively prevent infection with high-risk HPV types

• Bivalent vaccine (Cervarix) targets HPV 16 and 18

• Quadrivalent vaccine (Gardasil) targets HPV 6, 11, 16, and 18

• Nonavalent vaccine (Gardasil 9) targets additional high-risk types (HPV 31, 33, 45, 52, 58)

• Cervical cancer screening programs crucial for early detection and prevention

• Pap smears detect abnormal cervical cells

• HPV DNA testing identifies high-risk HPV infections

• Treatment of HPV-related lesions varies based on type and location

• Surgical excision removes visible lesions (LEEP, conization)

• Cryotherapy destroys abnormal tissue through freezing

• Topical medications (imiquimod, podophyllin) stimulate immune response or inhibit viral replication

Polyomavirus Disease Management
• No specific antiviral treatments currently available for polyomavirus infections

• Management primarily focuses on reducing immunosuppression and providing supportive care

• BK virus-associated nephropathy treatment strategies include:
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• Reducing immunosuppression to allow immune system to control viral replication

• Administering cidofovir or leflunomide as potential antiviral agents

• Monitoring viral load to assess treatment efficacy

• JC virus-related PML prevention involves careful monitoring and risk stratification

• Particularly important for patients receiving certain immunomodulatory therapies (natalizumab)

• Ongoing research aims to develop targeted therapies for polyomavirus-associated diseases

• Potential antiviral agents targeting specific viral proteins

• Immunotherapies for Merkel cell carcinoma (immune checkpoint inhibitors)

8.3 Adenoviruses and poxviruses
Adenoviruses and poxviruses are two distinct families of DNA viruses that cause different diseases in
humans. Adenoviruses typically lead to respiratory and eye infections, while poxviruses cause skin lesions
and systemic illness.

These viruses differ in structure, replication, and how they spread in the body. Understanding their unique
characteristics helps us grasp how they cause disease and how we can prevent and treat infections.

Adenovirus and Poxvirus Structure

Structural Characteristics
• Adenoviruses possess non-enveloped, icosahedral capsids with double-stranded DNA genomes

• Poxviruses feature large, complex, enveloped structures containing double-stranded DNA genomes

• Adenovirus capsids comprise hexon and penton proteins with fiber proteins extending from penton
bases

• Poxviruses exhibit a complex structure including a dumbbell-shaped core housing the genome and
lateral bodies

• Adenovirus capsid diameter measures approximately 90-100 nm

• Poxvirus dimensions range from 200-400 nm in length and 170-260 nm in width (variola virus)

Replication Cycle Comparison
• Adenovirus replication occurs entirely within the nucleus

• Involves distinct early and late gene expression phases

• Utilizes protein-primed mechanism for DNA replication

• Poxvirus replication takes place in the cytoplasm

• Employs virus-encoded enzymes for replication processes

• Uses unique rolling hairpin mechanism for genome replication

• Adenovirus assembly happens in the nucleus

• Poxviruses form immature virions in cytoplasmic viral factories
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• Adenovirus release occurs through cell lysis

• Poxviruses exit cells via budding or cell lysis depending on strain and host cell type

Adenovirus vs Poxvirus Infections

Clinical Manifestations
• Adenovirus infections primarily cause respiratory symptoms, conjunctivitis, and gastroenteritis

• Respiratory infections range from mild upper respiratory tract illness to severe pneumonia
(immunocompromised patients)

• Conjunctivitis presents as red, swollen eyes with discharge

• Poxvirus infections mainly result in characteristic skin lesions

• Lesions progress through stages macules, papules, vesicles, pustules, and scabs

• Timing and appearance vary among different poxvirus species (smallpox, monkeypox)

• Both infections can produce systemic symptoms fever, malaise, and lymphadenopathy

• Generally more severe in poxvirus infections

Complications and Severity
• Adenovirus complications may include myocarditis and meningoencephalitis

• Severe cases observed in immunocompromised individuals or specific serotypes

• Poxvirus infections can lead to secondary bacterial infections and organ failure

• Mortality rates vary depending on virus species and host factors

• Adenovirus-induced pneumonia potentially fatal in immunocompromised patients

• Poxvirus ocular infections risk corneal scarring and blindness

• More severe than adenovirus conjunctivitis

Pathogenesis and Immunity of Adenoviruses and Poxviruses

Infection and Spread
• Adenoviruses primarily infect and replicate in epithelial cells

• Target respiratory tract, eyes, and gastrointestinal system

• Poxviruses initially infect epidermal cells

• Spread to regional lymph nodes and other organs

• Both viruses employ mechanisms to evade host immune responses

• Produce immunomodulatory proteins interfering with innate immune signaling pathways

• Examples adenovirus VA RNA inhibits PKR activation, poxvirus A46R protein blocks TLR signaling
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Immune Response
• Innate immune response involves type I interferon production and activation of natural killer cells and
macrophages

• Interferon-alpha and interferon-beta crucial for initial viral control

• Adaptive immunity includes both humoral and cell-mediated responses

• Neutralizing antibodies play a vital role in preventing reinfection

• IgA antibodies important for mucosal immunity (adenovirus)

• T cell responses, particularly CD8+ cytotoxic T lymphocytes, essential for clearing virus-infected cells

• CD4+ T helper cells support antibody production and CD8+ T cell function

• Long-lasting immunity generally established following recovery

• Duration and strength of protection may vary between virus families

• Cross-reactive immunity observed among some adenovirus serotypes

Epidemiology and Control of Adenovirus and Poxvirus Outbreaks

Transmission and Distribution
• Adenovirus infections occur worldwide, affecting all age groups

• Certain serotypes associated with specific clinical syndromes and age groups (serotype 14 severe
respiratory disease in adults)

• Poxvirus infections have varying geographic distributions and host ranges

• Smallpox eradicated globally in 1980

• Monkeypox endemic in Central and West Africa, recent outbreaks in non-endemic countries

• Adenovirus transmission primarily through respiratory droplets, fecal-oral route, and contact with
contaminated surfaces

• Outbreaks common in closed settings (military barracks, schools)

• Poxviruses typically spread through direct contact with infected individuals or animals

• Zoonotic transmission observed in some species (monkeypox)

Prevention and Control Measures
• Adenovirus outbreak control includes proper hand hygiene, respiratory etiquette, and surface
disinfection

• Chlorine-based disinfectants effective against adenoviruses

• Poxvirus outbreak management relies on early detection, isolation, contact tracing, and ring
vaccination

• Ring vaccination strategy successfully used in smallpox eradication

• Vaccination available for some adenovirus serotypes and smallpox/monkeypox
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• Adenovirus vaccine types 4 and 7 used in U.S. military

• Modified Vaccinia Ankara (MVA) vaccine approved for smallpox and monkeypox prevention

• Antiviral drugs used in severe cases or post-exposure prophylaxis

• Cidofovir for adenoviruses

• Tecovirimat for poxviruses

• Surveillance and reporting systems crucial for early outbreak detection and response

• Global Smallpox Laboratory Network monitors for potential poxvirus reemergence

8.4 Other clinically important DNA viruses
DNA viruses are diverse pathogens causing a range of clinical manifestations. This section explores less
common but clinically significant DNA viruses, including parvoviruses, herpesviruses, polyomaviruses, and
poxviruses. These pathogens can cause severe complications, especially in immunocompromised
individuals.

Understanding the structure, replication strategies, and clinical presentations of these viruses is crucial for
effective diagnosis and management. While some infections are self-limiting, others require specific
treatments or careful monitoring, highlighting the importance of recognizing these less common but
potentially serious viral pathogens.

Less Common DNA Viruses

Parvovirus and Bocavirus
• Parvovirus B19 causes erythema infectiosum (fifth disease) with potential severe consequences in
immunocompromised individuals or pregnant women

• Single-stranded DNA genome

• Replicates in rapidly dividing erythroid progenitor cells

• Transmitted through respiratory droplets and blood products

• Presents with "slapped cheek" rash and can lead to aplastic crisis in patients with chronic hemolytic
anemia

• Diagnosis made through serological testing or PCR

• Human bocavirus (HBoV) associates with respiratory tract infections and gastroenteritis, particularly in
young children

• Small, non-enveloped virus with single-stranded DNA genome

• Replicates in respiratory and gastrointestinal epithelial cells

• Transmitted through respiratory secretions and fecal-oral route

• Presents as upper and lower respiratory tract infections or gastroenteritis

• Diagnosis made through PCR of respiratory or stool samples
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Herpesviruses and Polyomaviruses
• Human herpesvirus 6 (HHV-6) and human herpesvirus 7 (HHV-7) associate with roseola infantum and
other clinical manifestations

• Double-stranded DNA viruses establishing latency in T lymphocytes

• Transmitted through saliva and close personal contact

• Often result in roseola infantum with high fever followed by distinctive rash

• Diagnosis made through PCR of blood or cerebrospinal fluid, or by serology

• JC virus and BK virus (polyomaviruses) cause severe complications in immunocompromised
individuals

• Circular, double-stranded DNA genomes replicating in host cell nuclei

• Widespread in population, reactivating during immunosuppression

• JC virus causes progressive multifocal leukoencephalopathy (PML) with neurological symptoms
(cognitive impairment, motor dysfunction)

• BK virus causes nephropathy in transplant recipients, leading to graft dysfunction

• JC virus diagnosed through MRI and PCR of cerebrospinal fluid

• BK virus diagnosed through PCR of urine and blood, and renal biopsy in some cases

Poxvirus
• Molluscum contagiosum virus (MCV) causes benign, self-limited skin lesions, problematic in
immunocompromised patients

• Large, complex double-stranded DNA genome

• Replicates in epidermal keratinocytes

• Transmitted through direct skin contact or fomites

• Presents as small, flesh-colored, dome-shaped papules with central depression

• Diagnosis typically clinical, biopsy performed for confirmation

Structure and Replication of DNA Viruses

Genomic Characteristics
• Parvovirus B19 and Human bocavirus possess single-stranded DNA genomes

• Compact genomes with limited coding capacity

• Rely heavily on host cell machinery for replication

• HHV-6, HHV-7, JC virus, and BK virus contain double-stranded DNA genomes

• Larger genomes allowing for more complex replication strategies

• Encode many of their own enzymes for DNA replication
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• Molluscum contagiosum virus has a large, complex double-stranded DNA genome

• Encodes numerous genes involved in virus-host interactions and immune evasion

Replication Strategies
• Parvovirus B19 replicates in rapidly dividing erythroid progenitor cells

• Requires actively dividing cells due to limited coding capacity

• Utilizes host cell DNA polymerase for genome replication

• HHV-6 and HHV-7 establish latency in T lymphocytes

• Employ a biphasic replication cycle with lytic and latent phases

• Latent phase allows for long-term persistence in the host

• JC and BK viruses replicate in the nucleus of host cells

• Utilize host cell machinery for genome replication and transcription

• Produce viral proteins that alter cell cycle regulation

• Molluscum contagiosum virus replicates in epidermal keratinocytes

• Induces cellular proliferation and differentiation

• Produces inclusion bodies containing viral particles

Clinical Manifestations of DNA Virus Infections

Cutaneous and Systemic Manifestations
• Parvovirus B19 causes erythema infectiosum with "slapped cheek" rash

• Can lead to aplastic crisis in patients with chronic hemolytic anemia

• May cause hydrops fetalis in pregnant women

• HHV-6 and HHV-7 infections result in roseola infantum

• High fever followed by distinctive rash (exanthem subitum)

• Can cause febrile seizures in young children

• Molluscum contagiosum presents as characteristic skin lesions

• Small, flesh-colored, dome-shaped papules with central depression

• Lesions can be widespread in immunocompromised individuals

Respiratory and Gastrointestinal Manifestations
• Human bocavirus infections present as respiratory tract infections

• Associated with wheezing and asthma exacerbations in children

• Can cause bronchiolitis and pneumonia

• Human bocavirus also linked to gastroenteritis
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• Presents with diarrhea, vomiting, and abdominal pain

• Often occurs concurrently with respiratory symptoms

Severe Complications in Immunocompromised Patients
• JC virus causes progressive multifocal leukoencephalopathy (PML)

• Presents with cognitive impairment and motor dysfunction

• Can lead to severe neurological deficits and death

• BK virus causes nephropathy in transplant recipients

• Results in graft dysfunction and potential graft loss

• Can also cause hemorrhagic cystitis in stem cell transplant recipients

Treatment and Prevention of DNA Virus Infections

Antiviral Therapies and Supportive Care
• Parvovirus B19 and Human bocavirus lack specific antiviral treatments

• Management focuses on supportive care and symptom relief

• Intravenous immunoglobulin used in severe cases of parvovirus B19 infection

• HHV-6 and HHV-7 infections generally self-limiting in immunocompetent individuals

• Ganciclovir or foscarnet used in severe cases or immunocompromised patients

• Antiviral therapy may be necessary for HHV-6 encephalitis

• JC virus treatment involves immune reconstitution or reduction of immunosuppression

• No specific antiviral therapy available for PML

• Experimental approaches include cytarabine and cidofovir

• BK virus management primarily involves reducing immunosuppression in transplant recipients

• Cidofovir or leflunomide used in some cases of BK virus nephropathy

• Careful monitoring of viral load guides treatment decisions

Prevention Strategies
• Hygiene measures crucial for preventing transmission of these DNA viruses

• Hand washing and respiratory etiquette (covering mouth when coughing or sneezing)

• Avoiding close contact with infected individuals

• No vaccines currently available for these less common DNA viruses

• Research ongoing for potential vaccine development (parvovirus B19, HHV-6)

• Screening and monitoring important for high-risk populations

• Regular PCR testing for BK virus in kidney transplant recipients
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• Neurological monitoring for PML in patients on certain immunosuppressive therapies

Management of Skin Lesions
• Molluscum contagiosum lesions often resolve spontaneously

• Treatment options include cryotherapy and curettage

• Topical medications such as imiquimod or podophyllotoxin used in some cases

• Prevention of molluscum contagiosum spread

• Avoiding direct contact with lesions

• Proper hygiene and avoiding sharing personal items (towels, clothing)
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Unit 9 – Human Viral Pathogens – RNA
Viruses
9.1 Orthomyxoviruses and paramyxoviruses
RNA viruses are sneaky shape-shifters. Orthomyxoviruses and paramyxoviruses, two key families, cause
widespread infections like flu and measles. They differ in genome structure and replication sites, but both
use surface proteins to invade cells.

These viruses spread easily, causing seasonal outbreaks and occasional pandemics. Vaccines are our
main defense, but viral mutations pose ongoing challenges. Public health measures and global
surveillance are crucial to stay ahead of these evolving threats.

Orthomyxoviruses vs Paramyxoviruses

Structural and Genomic Differences
• Orthomyxoviruses and paramyxoviruses possess enveloped, negative-sense RNA genomes

• Orthomyxoviruses feature segmented genomes

• Paramyxoviruses contain non-segmented genomes

• Viral envelopes of both families display glycoprotein spikes

• Orthomyxoviruses exhibit hemagglutinin (HA) and neuraminidase (NA) (influenza virus)

• Paramyxoviruses present fusion (F) and attachment proteins (HN, H, or G) (measles virus)

• Replication sites differ between families

• Orthomyxoviruses replicate in the host cell nucleus

• Paramyxoviruses replicate entirely in the host cell cytoplasm

Replication and Pathogenesis Mechanisms
• Orthomyxoviruses employ cap-snatching from host mRNAs during replication

• Paramyxoviruses utilize a stuttering mechanism for mRNA editing

• Both families use surface glycoproteins for host cell attachment and entry

• Fusion mechanisms vary between the two families

• Pathogenesis targets different body systems

• Orthomyxoviruses primarily affect the respiratory tract (influenza)

• Paramyxoviruses cause respiratory, systemic, or neurological infections (measles, mumps)
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Epidemiology of Common Viral Infections

Influenza and Measles Characteristics
• Influenza (orthomyxovirus) occurs in seasonal epidemics and occasional pandemics

• Rapid global spread results from high transmissibility

• Antigenic changes contribute to virus evolution

• Measles (paramyxovirus) demonstrates high contagiousness

• Severe complications arise in undernourished children and immunocompromised individuals

• Outbreaks often occur in densely populated areas (schools, refugee camps)

Mumps and Respiratory Syncytial Virus (RSV) Features
• Mumps (paramyxovirus) typically affects salivary glands

• Can cause orchitis, oophoritis, and meningitis

• Outbreaks frequently occur in close-contact settings (dormitories, sports teams)

• RSV (paramyxovirus) leads lower respiratory tract infections in young children

• Potential for severe bronchiolitis and pneumonia in infants

• Seasonal patterns vary by geographic location

Epidemiological Patterns and Clinical Manifestations
• Incubation periods vary among viruses

• Influenza: 1-4 days

• Measles: 7-14 days

• Mumps: 16-18 days

• RSV: 2-8 days

• Modes of transmission differ

• Respiratory droplets (all four viruses)

• Direct contact with infected secretions (RSV)

• Duration of infectivity impacts control strategies

• Influenza: 1 day before symptoms to 5-7 days after onset

• Measles: 4 days before rash to 4 days after rash onset

• Clinical manifestations range from mild to severe

• Influenza and RSV: mild respiratory symptoms to pneumonia

• Measles: characteristic rash, fever, cough

• Mumps: swollen salivary glands, fever, headache
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Prevention and Control Strategies

Vaccination and Antiviral Treatments
• Vaccination serves as primary prevention strategy

• Annual influenza vaccines target predicted strains

• Combination MMR (measles, mumps, rubella) vaccine provides long-term immunity

• RSV vaccines under development for various age groups

• Antiviral drugs play dual roles in treatment and prophylaxis

• Neuraminidase inhibitors (oseltamivir) for influenza

• No specific antivirals for measles, mumps, or RSV

• Passive immunization with monoclonal antibodies prevents RSV in high-risk infants (palivizumab)

Public Health Measures and Surveillance
• Implement isolation of infected individuals to prevent transmission

• Conduct contact tracing to identify potential cases

• Promote hygiene practices (hand washing, respiratory etiquette)

• Utilize global surveillance networks

• WHO Global Influenza Surveillance and Response System monitors virus evolution

• Guides vaccine development and strain selection

• Aim for herd immunity through vaccination

• Particularly important for measles and mumps prevention

• Requires high vaccination coverage (95% for measles)

Challenges in Prevention and Control
• Viral mutation rates challenge vaccine effectiveness

• Influenza requires annual vaccine updates

• Potential for vaccine mismatch with circulating strains

• Vaccine hesitancy impacts population-level protection

• Misinformation and distrust in medical authorities

• Resurgence of measles outbreaks in areas with low vaccination rates

• Emergence of new viral strains poses ongoing threats

• Zoonotic spillover events (influenza from avian or swine sources)

• Need for rapid response and vaccine development capabilities
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Antigenic Drift and Shift in Influenza

Mechanisms of Antigenic Change
• Antigenic drift involves gradual accumulation of point mutations

• Affects hemagglutinin (HA) and neuraminidase (NA) genes

• Results in seasonal influenza epidemics

• Necessitates annual vaccine updates

• Antigenic shift occurs through genetic reassortment

• Different influenza A subtypes exchange genome segments

• Produces novel strains with pandemic potential

• Facilitated by segmented genome structure

Pandemic Potential and Surveillance
• Pandemic influenza strains arise from antigenic shift events

• Introduce viral subtypes with little human population immunity

• Historical examples: 1918 Spanish flu (H1N1), 2009 swine flu (H1N1pdm09)

• Animal reservoirs play crucial roles in new strain emergence

• Birds and swine serve as mixing vessels for influenza viruses

• Interspecies transmission leads to novel human-infecting strains

• Global surveillance monitors antigenic changes

• Predicts vaccine effectiveness for upcoming seasons

• Identifies potential pandemic threats

• Informs public health preparedness and response strategies

Implications for Vaccine Development and Control
• Rapid evolution challenges vaccine development timelines

• 6-8 month lead time for current egg-based production

• Efforts to develop universal influenza vaccines targeting conserved viral regions

• Antiviral drug efficacy affected by viral mutations

• Emergence of resistant strains necessitates new drug development

• Combination therapies may reduce resistance development

• Continuous research and adaptation of control strategies required

• Improved surveillance techniques (next-generation sequencing)

• Development of platform technologies for rapid vaccine production
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• Enhancement of global coordination for pandemic preparedness

9.2 Picornaviruses and coronaviruses

Picornavirus and Coronavirus Structure
Picornaviruses and coronaviruses are two families of positive-sense, single-stranded RNA viruses
responsible for diseases ranging from the common cold to global pandemics. Despite sharing the same
genome polarity, they differ dramatically in size, structure, and replication strategy. These differences
shape how each virus spreads, causes disease, and responds to treatment.

Structural Characteristics
Picornaviruses are small (pico = small, rna = RNA), non-enveloped viruses.

• 22–30 nm in diameter with a genome of roughly 7.2–8.4 kb

• The capsid has icosahedral symmetry built from four structural proteins (VP1–VP4)

• VP1, VP2, and VP3 form the outer surface and determine antigenicity

• VP4 sits on the interior, directly contacting the RNA genome

• Because they lack an envelope, picornaviruses are resistant to detergents and can survive well in the
environment (relevant for fecal-oral transmission of enteroviruses)

Coronaviruses are much larger and carry an envelope.

• 80–120 nm in diameter with a genome of approximately 26–32 kb, the largest of any RNA virus

• The envelope contains three key proteins:

• Spike (S) protein projects outward, creating the crown-like ("corona") appearance on electron
microscopy. It mediates receptor binding and membrane fusion.

• Membrane (M) protein is the most abundant envelope protein and shapes the viral particle

• Envelope (E) protein plays a role in viral assembly and release

• Inside, a helical nucleocapsid (N protein bound to RNA) packages the genome

The envelope makes coronaviruses susceptible to detergents and alcohol-based disinfectants, while
non-enveloped picornaviruses are harder to inactivate on surfaces.

Replication Mechanisms
Both families replicate in the cytoplasm, but their strategies differ.

Picornavirus replication:

1. The virus binds a specific host receptor (e.g., ICAM-1 for rhinoviruses, CD155 for poliovirus) and
releases its RNA into the cytoplasm.

2. The RNA is translated as a single large polyprotein, which is then cleaved by viral proteases (2A and
3C) into individual functional proteins.

3. Translation initiation is cap-independent, relying on an internal ribosome entry site (IRES) in the 5'
UTR. This is significant because the virus shuts down host cap-dependent translation to hijack the cell's
ribosomes.
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4. The replication cycle is fast (6–8 hours), ending in cell lysis and release of new virions.

Coronavirus replication:

1. The S protein binds a host receptor (e.g., ACE2 for SARS-CoV-2) and the envelope fuses with the
host membrane.

2. The large genome is translated to produce a replicase polyprotein, which is processed into the
RNA-dependent RNA polymerase (RdRp) and associated proteins.

3. A distinctive feature: the replicase generates a nested set of subgenomic mRNAs, each encoding
one or a few proteins. This allows regulated expression of structural and accessory proteins.

4. Replication complexes associate with double-membrane vesicles (DMVs) derived from the ER,
which shield viral RNA from host immune sensors.

5. New virions assemble at the ER-Golgi intermediate compartment (ERGIC) and exit via exocytosis.

Pathogenesis and Infection Outcomes
Picornaviruses typically cause lytic infections. The rapid replication cycle destroys host cells directly. Many
picornaviruses enter through the gastrointestinal or respiratory tract, replicate locally, and may then spread
systemically through viremia. Neurotropic strains like poliovirus can invade the central nervous system by
traveling along nerve fibers or crossing the blood-brain barrier.

Coronaviruses can cause both lytic and persistent infections. Respiratory tract epithelial cells are the
primary target, but some strains (notably SARS-CoV-2) infect cells in multiple organ systems because
ACE2 is widely expressed. Severe disease often results not just from viral damage but from an excessive
host inflammatory response, sometimes called a cytokine storm, where overproduction of pro-inflammatory
cytokines (IL-6, TNF-α) causes tissue damage, particularly in the lungs.

Picornavirus Infections: Clinical Manifestations and Epidemiology

Poliovirus Infection
Poliovirus is the most historically significant picornavirus. It spreads by the fecal-oral route and replicates
initially in the oropharynx and intestinal mucosa.

• Approximately 72% of infections are asymptomatic

• About 24% cause a minor illness (fever, sore throat, malaise) that resolves on its own

• Less than 1% develop paralytic poliomyelitis, where the virus destroys motor neurons in the anterior
horn of the spinal cord, causing acute flaccid paralysis

The Global Polio Eradication Initiative has reduced wild poliovirus cases by over 99% since 1988. Wild
poliovirus type 1 remains endemic only in Afghanistan and Pakistan. However, vaccine-derived poliovirus
(VDPV) outbreaks still occur in regions with low oral polio vaccine (OPV) coverage, because the
live-attenuated virus in OPV can revert to a neurovirulent form and circulate in under-immunized
populations.
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Rhinovirus and Enterovirus Infections
Rhinoviruses are the leading cause of the common cold, responsible for roughly 50% of upper respiratory
infections. They produce nasal congestion, sore throat, and cough. Over 160 serotypes exist, which is why
you can catch colds repeatedly. Rhinoviruses peak in spring and fall in temperate climates, partly because
they replicate best at the cooler temperatures found in the nasal passages (~33°C).

Enteroviruses (including coxsackieviruses and echoviruses) cause a broader range of disease:

• Hand, foot, and mouth disease (usually coxsackievirus A16 or enterovirus A71) is common in young
children, presenting with oral ulcers and vesicular rash on hands and feet

• Viral myocarditis, particularly from coxsackievirus B, involves inflammation of the heart muscle and
can lead to dilated cardiomyopathy

• Aseptic meningitis presents with fever, headache, and neck stiffness but typically has a better
prognosis than bacterial meningitis

• Herpangina (coxsackievirus A) causes painful ulcers on the soft palate and posterior pharynx

• Pleurodynia (Bornholm disease, coxsackievirus B) produces sharp, episodic chest or abdominal pain

Enteroviruses are most active in summer and early fall. They're stable in water and spread via the
fecal-oral route, which is why outbreaks correlate with crowding and poor sanitation.

Epidemiological Factors and Surveillance
Several factors shape picornavirus epidemiology:

• Population density drives transmission, with higher rates in urban settings and institutional
environments (daycares, schools)

• Hygiene practices directly reduce spread; hand washing is one of the most effective interventions

• Environmental stability matters: enteroviruses survive well in water and sewage, making
environmental surveillance (testing wastewater) a valuable tool for detecting poliovirus circulation

Children and immunocompromised individuals carry the highest burden of disease. Developing immune
systems are more susceptible, and immunosuppression can lead to prolonged viral shedding and chronic
infections.

Molecular epidemiology tools like genomic sequencing and phylogenetic analysis allow public health teams
to identify specific strains, track transmission chains, and detect emerging variants. These techniques
directly inform vaccination campaigns and outbreak response.

Coronavirus Infections: Global Impact

SARS and MERS Outbreaks
Severe Acute Respiratory Syndrome (SARS) emerged in Guangdong, China in late 2002.

• The 2002–2003 outbreak caused over 8,000 cases and 774 deaths (case fatality rate ~10%)

• SARS-CoV originated in bats, with palm civets serving as intermediate hosts in live animal markets

• The outbreak was contained through aggressive public health measures (quarantine, contact tracing)
and no cases have been reported since 2004
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Middle East Respiratory Syndrome (MERS) was first identified in Saudi Arabia in 2012.

• It has a strikingly high case fatality rate of approximately 35%, but limited sustained human-to-human
transmission has prevented large-scale pandemics

• Dromedary camels are the primary reservoir; most human cases trace back to camel exposure or
healthcare settings

• Sporadic outbreaks continue, primarily on the Arabian Peninsula

Both SARS and MERS demonstrated that animal coronaviruses can jump to humans with devastating
consequences, a pattern that repeated with SARS-CoV-2.

COVID-19 Pandemic
SARS-CoV-2, the virus causing COVID-19, triggered the most significant pandemic in a century.

• Over 500 million confirmed cases and more than 6 million deaths were reported by 2022, though true
numbers are likely much higher

• The pandemic drove unprecedented disruptions to healthcare systems, economies, and daily life

• Vaccines were developed in record time: mRNA vaccines (Pfizer-BioNTech, Moderna), viral vector
vaccines (AstraZeneca, J&J), and protein subunit vaccines (Novavax) all received emergency
authorization within roughly a year of the virus being sequenced

The pandemic also exposed gaps in zoonotic disease surveillance and spurred investment in global
monitoring networks and rapid diagnostic technologies, including lateral flow rapid antigen tests and
next-generation sequencing for variant tracking.

Economic consequences were severe: global GDP contracted by 3.1% in 2020, the airline industry lost
over  billion, and supply chain disruptions affected industries worldwide.

Research and Social Impact
COVID-19 accelerated virology and vaccine research in ways that will shape the field for decades:

• mRNA vaccine technology moved from experimental to mainstream, with applications now being
explored for influenza, RSV, and cancer

• Novel diagnostic approaches advanced, including RT-LAMP (isothermal amplification for faster field
testing) and CRISPR-based diagnostics (e.g., SHERLOCK, DETECTR)

Socially, the pandemic shifted public health norms: mask-wearing became widespread, remote and hybrid
work models became standard in many industries, and public awareness of infectious disease prevention
increased substantially.

Picornavirus and Coronavirus Management

Diagnostic Approaches
• RT-PCR remains the gold standard for detecting viral RNA, offering high sensitivity and specificity. It
can also be quantitative, helping assess viral load.

• Rapid antigen tests detect viral proteins and provide results in 15–30 minutes, making them useful for
point-of-care and home testing. They're less sensitive than PCR, especially in early or low-viral-load
infections.
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• Serological tests measure antibody responses:

• IgM antibodies appear early and suggest recent or active infection

• IgG antibodies develop later and indicate past infection or vaccination

• Multiplex PCR panels can detect multiple respiratory pathogens (influenza, RSV, coronaviruses,
rhinoviruses) from a single sample, which is valuable during respiratory virus season when symptoms
overlap

Treatment Strategies
Picornavirus infections are primarily managed with supportive care: hydration, antipyretics, and rest. There
are very few effective antivirals. Pleconaril, which blocks viral uncoating by binding the hydrophobic pocket
in VP1, has shown some activity against enteroviruses but is not widely approved.

Coronavirus infections have more treatment options, particularly for COVID-19:

• Remdesivir is a nucleoside analog that inhibits the viral RNA-dependent RNA polymerase (RdRp),
reducing viral replication

• Nirmatrelvir/ritonavir (Paxlovid) inhibits the SARS-CoV-2 main protease ( ), blocking polyprotein
processing. Ritonavir is included as a pharmacokinetic booster.

• Dexamethasone, a corticosteroid, reduces mortality in severe COVID-19 by dampening the excessive
inflammatory response. It's used only in patients requiring supplemental oxygen, not in mild cases.

• Monoclonal antibodies targeting the S protein provided passive immunity for high-risk patients, though
their effectiveness decreased as new variants with S protein mutations emerged

Prevention and Control Measures
Vaccination is the cornerstone of prevention for both families:

• Poliovirus vaccines come in two forms: the inactivated polio vaccine (IPV), which is injected and
cannot revert, and the oral polio vaccine (OPV), which is live-attenuated, cheaper, and easier to
administer but carries a small risk of vaccine-derived outbreaks. Most high-income countries now use
IPV exclusively.

• COVID-19 vaccines span multiple platforms (mRNA, viral vector, protein subunit, inactivated whole
virus), and booster doses have been developed to address waning immunity and emerging variants.

Non-pharmaceutical interventions remain critical, especially early in outbreaks before vaccines are
available:

• Hand hygiene reduces transmission of both picornaviruses (fecal-oral, contact) and coronaviruses
(respiratory droplets, fomites)

• Respiratory etiquette and physical distancing limit airborne and droplet spread

• Environmental controls (ventilation, surface disinfection) reduce exposure

Surveillance systems that integrate clinical, laboratory, and epidemiological data are essential for early
outbreak detection and guiding public health responses. Wastewater surveillance has proven especially
useful for tracking both poliovirus and SARS-CoV-2 circulation in communities.

Research into broad-spectrum antivirals and pan-coronavirus vaccines targeting conserved epitopes
continues, with the goal of improving preparedness for future outbreaks before they become pandemics.
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9.3 Flaviviruses and togaviruses
RNA viruses like flaviviruses and togaviruses are sneaky little troublemakers. They're masters of disguise,
using mosquitoes and ticks to spread their chaos. These viruses can cause everything from mild fevers to
serious brain issues, depending on which one you catch.

Dengue, Zika, yellow fever, and chikungunya are the big names in this viral gang. They're tricky to fight
because they keep changing and spreading to new areas. Scientists are working hard on vaccines and
treatments, but for now, avoiding mosquito bites is your best bet.

Flaviviruses vs Togaviruses

Structural and Genomic Differences
• Flaviviruses and togaviruses enveloped, positive-sense single-stranded RNA viruses with distinct
genome organization and replication strategies

• Flavivirus genome approximately 11 kb with single open reading frame encoding polyprotein

• Togavirus genome about 12 kb with two open reading frames for separate translation of structural and
nonstructural proteins

• Flaviviruses and togaviruses utilize different cellular receptors and entry mechanisms influencing host
range and tissue tropism

• Flavivirus assembly involves unique maturation step with cleavage of prM protein

Replication and Transmission Mechanisms
• Flavivirus replication occurs entirely in cytoplasm

• Togavirus replication involves both nuclear and cytoplasmic stages

• Both virus families primarily transmitted by arthropod vectors (mosquitoes and ticks)

• Additional transmission routes include blood transfusion and vertical transmission (mother to child)

• Vector competence determined by virus ability to infect and replicate in vector and vector's ability to
transmit virus to new host

• Environmental factors (temperature and rainfall) influence vector population dynamics and virus
transmission rates

• Some flaviviruses and togaviruses overwinter in arthropod vectors through transovarial transmission

Dengue, Zika, Yellow Fever, and Chikungunya

Dengue and Zika Viruses
• Dengue virus (DENV) infection ranges from asymptomatic to severe dengue hemorrhagic fever

• Symptoms include high fever, severe headache, muscle and joint pain

• Four distinct DENV serotypes exist

• Secondary infection with different serotype can lead to more severe disease due to
antibody-dependent enhancement
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• Zika virus (ZIKV) often causes mild or asymptomatic infections

• Associated with severe congenital abnormalities (microcephaly) when infection occurs during
pregnancy

• Transmitted sexually and through blood transfusions, in addition to mosquito-borne transmission

• DENV and ZIKV vaccine development challenging due to antibody-dependent enhancement and need
for broad protection against multiple serotypes

Yellow Fever and Chikungunya Viruses
• Yellow fever virus (YFV) infection can progress from mild symptoms to severe hepatic and renal
failure

• Characteristic jaundice gives disease its name

• Endemic in tropical regions of Africa and South America

• Sylvatic and urban transmission cycles

• Effective YFV vaccine available for prevention

• Chikungunya virus (CHIKV) typically causes acute febrile illness with severe joint pain

• Joint pain can persist for months or years

• Recently expanded geographic range, causing large outbreaks in previously unaffected areas

• YFV and CHIKV pathogenesis involves complex interactions with host immune system

• Induction of cytokine storms and autoimmune responses in some cases

Arthropod Vectors in Transmission

Vector Biology and Ecology
• Mosquitoes primary vectors for most medically important flaviviruses and togaviruses

• Aedes and Culex species most significant

• Arthropod vectors serve as biological amplifiers of viruses

• Allow for efficient transmission between hosts

• Maintain virus in nature

• Vector population dynamics influenced by environmental factors (temperature and rainfall)

• Geographical distribution of viruses closely linked to distribution of competent vectors

• Expanding due to climate change and globalization

Vector Control Strategies
• Vector control crucial for preventing and controlling flavivirus and togavirus outbreaks

• Strategies include insecticide use, elimination of breeding sites, and biological control methods

• Personal protection measures important in endemic areas
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• Use of insect repellents and bed nets

• Community engagement and education vital components of successful vector control programs

Prevention and Control Strategies

Vaccination and Therapeutic Approaches
• Vaccination key prevention strategy for some flavivirus infections

• Effective vaccines available for yellow fever, Japanese encephalitis, and tick-borne encephalitis

• Antiviral therapies for flavivirus and togavirus infections limited

• Treatment primarily focused on supportive care and symptom management

• Research ongoing for novel therapeutic approaches

• Monoclonal antibodies and antiviral drugs targeting specific viral proteins

• Rapid diagnostic tests essential for early detection and control of outbreaks

Public Health Measures
• Vector control measures crucial for reducing transmission of both flaviviruses and togaviruses

• Surveillance systems important for monitoring disease spread and initiating timely interventions

• Community education programs help raise awareness and promote preventive behaviors

• International collaboration necessary for addressing global spread of vector-borne diseases

• Implementation of travel advisories and screening measures at ports of entry to prevent importation of
cases

9.4 Retroviruses and other significant RNA viruses
Retroviruses and other RNA viruses are key players in human health. These pathogens, including HIV and
HTLV, have unique life cycles and can cause chronic infections. They've had major impacts on global
health, leading to pandemics and long-term public health challenges.

RNA viruses like influenza, Ebola, and coronaviruses can cause outbreaks and pandemics. Understanding
their biology, transmission, and prevention is crucial for public health. Vaccines, antivirals, and public
health measures are important tools in controlling these infections and mitigating their impacts.

Retrovirus Replication and Pathogenesis

Retroviral Life Cycle and Unique Features
• Retroviruses possess reverse transcriptase enzyme converts RNA genome into DNA for integration
into host cell's genome

• Retroviral life cycle includes:

• Attachment to host cell receptors

• Entry into the cell
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• Reverse transcription of viral RNA to DNA

• Integration of viral DNA into host genome

• Transcription and translation of viral genes

• Assembly of new viral particles

• Budding and release of mature virions

• Rapid mutation rates allow retroviruses to evade host immune responses

• Viral DNA integration can lead to insertional mutagenesis activating oncogenes or disrupting tumor
suppressor genes

HIV Pathogenesis and Immune Evasion
• HIV primarily targets CD4+ T cells, macrophages, and dendritic cells

• Progressive immune system deterioration increases susceptibility to opportunistic infections
(pneumocystis pneumonia, toxoplasmosis)

• HIV employs various immune evasion mechanisms:

• Latency in memory T cells

• Downregulation of host cell surface proteins (MHC class I molecules)

• Rapid mutation of viral envelope proteins

• Prolonged asymptomatic period followed by gradual disease progression characterizes HIV infection

HTLV Infection and Associated Diseases
• HTLV (Human T-cell Lymphotropic Virus) primarily infects CD4+ T cells

• HTLV-1 can lead to two main diseases:

• Adult T-cell leukemia/lymphoma (ATLL) aggressive T-cell malignancy

• HTLV-associated myelopathy/tropical spastic paraparesis (HAM/TSP) progressive neurological
disorder

• HTLV-2 less pathogenic but associated with neurological disorders and increased cancer risk

• Like HIV, HTLV infections often involve prolonged asymptomatic periods before disease manifestation

HIV/AIDS and HTLV-Associated Diseases

HIV/AIDS Epidemiology and Clinical Course
• HIV transmission occurs through:

• Sexual contact (vaginal, anal, oral)

• Blood exposure (needle sharing, transfusions)

• Mother-to-child transmission (pregnancy, childbirth, breastfeeding)

• Global prevalence rates vary widely (sub-Saharan Africa, Southeast Asia heavily affected)
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• Clinical course of HIV infection progresses through distinct stages:

• Acute infection characterized by flu-like symptoms

• Asymptomatic period lasting several years

• Symptomatic HIV infection with declining CD4+ T cell counts

• AIDS defined by CD4+ count <200 cells/μL or presence of opportunistic infections

HIV Treatment and Management
• Antiretroviral therapy (ART) targets different stages of viral life cycle:

• Reverse transcriptase inhibitors (zidovudine, lamivudine)

• Protease inhibitors (ritonavir, atazanavir)

• Integrase inhibitors (raltegravir, dolutegravir)

• Entry inhibitors (maraviroc, enfuvirtide)

• Combination antiretroviral therapy (cART) or highly active antiretroviral therapy (HAART) standard of
care

• Long-term monitoring crucial due to chronic nature of HIV infection

• Management of opportunistic infections and potential ART side effects essential

HTLV Epidemiology and Associated Diseases
• HTLV-1 and HTLV-2 endemic in specific geographical regions (Japan, Caribbean, parts of Africa)

• Transmission occurs through:

• Prolonged breastfeeding

• Sexual contact

• Blood exposure (transfusions, needle sharing)

• HTLV-1 associated diseases:

• Adult T-cell leukemia/lymphoma (ATLL) aggressive T-cell malignancy

• HTLV-associated myelopathy/tropical spastic paraparesis (HAM/TSP) progressive neurological
disorder

• Treatment focuses on symptom management and disease-specific therapies:

• Chemotherapy and stem cell transplantation for ATLL

• Immunomodulatory drugs and supportive care for HAM/TSP

Significant RNA Viruses and Their Impact

Zoonotic RNA Viruses
• Rabies virus causes fatal encephalitis in mammals:

• Transmitted primarily through animal bites (dogs, bats)
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• Nearly 100% mortality rate if left untreated

• Post-exposure prophylaxis highly effective if administered promptly

• Ebola virus causes severe hemorrhagic fever:

• Transmitted through direct contact with bodily fluids

• High mortality rates (up to 90% in some outbreaks)

• Outbreaks primarily in Africa with potential for international spread

• Hantaviruses cause two main syndromes:

• Hemorrhagic fever with renal syndrome (HFRS)

• Hantavirus pulmonary syndrome (HPS)

• Transmitted to humans through contact with infected rodents or their excreta

Arthropod-Borne and Respiratory RNA Viruses
• Zika virus arthropod-borne flavivirus:

• Mild symptoms in adults (fever, rash, joint pain)

• Associated with severe congenital abnormalities (microcephaly) when contracted during pregnancy

• Transmitted by Aedes mosquitoes

• Influenza viruses cause seasonal epidemics and occasional pandemics:

• Antigenic drift and shift allow for evasion of host immunity

• Type A influenza has pandemic potential (1918 Spanish flu, 2009 H1N1)

• Annual vaccination recommended for prevention

• Coronaviruses emerged as significant global health threats:

• SARS-CoV, MERS-CoV, and SARS-CoV-2 cause respiratory illnesses

• Varying severity from mild symptoms to severe pneumonia

• SARS-CoV-2 led to the COVID-19 pandemic

Chronic RNA Virus Infections
• Hepatitis C virus (HCV) causes chronic liver disease:

• Leading cause of liver cirrhosis and hepatocellular carcinoma

• Transmitted through blood exposure (needle sharing, unsafe medical procedures)

• Direct-acting antivirals have revolutionized treatment with high cure rates

• Hepatitis D virus (HDV) requires hepatitis B virus for replication:

• Causes most severe form of viral hepatitis

• Coinfection or superinfection with HBV
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• Limited treatment options available

Prevention and Control of RNA Virus Infections

Vaccination Strategies
• Traditional vaccine approaches:

• Inactivated vaccines (rabies, influenza)

• Live-attenuated vaccines (measles, mumps, rubella)

• Novel vaccine platforms:

• mRNA vaccines (COVID-19 vaccines by Pfizer-BioNTech and Moderna)

• Viral vector vaccines (Ebola vaccine, COVID-19 vaccines by AstraZeneca and Johnson & Johnson)

• Challenges in developing vaccines for rapidly mutating viruses (HIV, influenza)

• Universal vaccine approaches aim to provide broad protection against viral variants

Antiviral Therapies and Prophylaxis
• Pre-exposure prophylaxis (PrEP) and post-exposure prophylaxis (PEP) effective for HIV prevention

• Antiviral drugs target various stages of viral life cycle:

• Neuraminidase inhibitors for influenza (oseltamivir, zanamivir)

• Direct-acting antivirals for HCV (sofosbuvir, ledipasvir)

• Nucleoside analogues for herpes viruses (acyclovir, ganciclovir)

• Combination therapies reduce drug resistance development:

• Highly active antiretroviral therapy (HAART) for HIV

• Direct-acting antiviral combinations for HCV

• Development of broad-spectrum antivirals aims to address emerging viral threats

Public Health Interventions and Vector Control
• Contact tracing, isolation, and quarantine crucial for controlling outbreaks:

• Implemented during Ebola outbreaks in Africa

• Widely used during COVID-19 pandemic

• Vector control measures for arthropod-borne viruses:

• Insecticide-treated bed nets for malaria prevention

• Indoor residual spraying for mosquito control

• Environmental management to reduce vector breeding sites

• Surveillance systems for early detection of viral outbreaks:

• Global Influenza Surveillance and Response System (GISRS)
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• Emerging Viral Disease-Expert Laboratory Network (EVD-LabNet)

Social and Global Implications of RNA Viruses

Socioeconomic Impacts of Viral Pandemics
• HIV/AIDS pandemic led to far-reaching consequences:

• Increased healthcare costs in affected regions

• Reduced workforce productivity due to illness and mortality

• Increased number of orphaned children in heavily affected areas

• COVID-19 pandemic demonstrated potential for global disruption:

• Widespread economic downturns and job losses

• Disruption of international trade and travel

• Strain on healthcare systems worldwide

Health Disparities and Access to Care
• Chronic RNA virus infections burden healthcare systems:

• Long-term costs for HIV and HCV treatment

• Lost productivity due to illness and disability

• Global health disparities in access to diagnostics and treatments:

• Limited availability of antiretroviral therapy in low-income countries

• Unequal distribution of COVID-19 vaccines globally

• Stigma and discrimination associated with viral infections:

• Social isolation of HIV-positive individuals

• Delayed diagnosis and reduced access to healthcare services

One Health Approach and Future Preparedness
• Zoonotic RNA viruses underscore importance of One Health approach:

• Integration of human, animal, and environmental health

• Surveillance of wildlife populations for potential emerging viruses

• Investment in research and preparedness crucial for global health security:

• Development of platform technologies for rapid vaccine production

• Strengthening of global early warning systems for disease outbreaks

• International cooperation essential for effective pandemic response:

• Sharing of viral sequence data for vaccine development

• Coordinated efforts in drug and vaccine distribution
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• Climate change impacts on viral disease patterns and emergence:

• Altered vector distributions affecting arbovirus transmission

• Potential release of ancient viruses from melting permafrost
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Unit 10 – Viral Life Cycle: Entry to
Assembly
10.1 Mechanisms of viral entry and uncoating
Viruses have evolved clever ways to sneak into our cells. They latch onto specific receptors, hitch a ride
through the cell membrane, and then shed their outer layers. It's like a molecular heist, with viruses using
our own cellular machinery against us.

Once inside, viruses unpack their genetic cargo, ready to hijack our cells. This process varies between
enveloped and non-enveloped viruses, influencing how they spread and survive. Understanding these
entry tricks is key to stopping viral invasions.

Viral Entry Mechanisms

Attachment and Receptor Interactions
• Viral attachment involves specific interactions between viral surface proteins (ligands) and host cell
receptors, initiating the entry process

• Viruses exploit existing cellular uptake pathways (clathrin-mediated endocytosis, caveolin-dependent
endocytosis)

• Some viruses induce macropinocytosis where cell membrane ruffles and engulfs large volumes of
extracellular fluid containing viral particles

• Choice of entry mechanism depends on virus structure, host cell type, and environmental factors

• Examples of viral ligands include:

• Hemagglutinin in influenza viruses

• Spike protein in coronaviruses

• Host cell receptors examples:

• ACE2 for SARS-CoV-2

• CD4 for HIV

Endocytosis and Membrane Fusion
• Endocytosis internalizes virus within a vesicle, often triggered by receptor binding

• Membrane fusion utilized by enveloped viruses merges viral envelope with host cell membrane

• Direct penetration used by some viruses injects genetic material through cell membrane without full
internalization

• Endocytosis pathways include:

• Clathrin-mediated endocytosis (influenza virus)

• Caveolin-dependent endocytosis (SV40 virus)
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• Membrane fusion examples:

• HIV uses gp41 protein for fusion at the cell surface

• Influenza virus fuses within endosomes after pH-induced conformational changes

Uncoating and Genetic Material Release

Uncoating Process and Mechanisms
• Uncoating releases viral genome from protective capsid into host cell cytoplasm or nucleus

• Enveloped viruses begin uncoating with fusion of viral envelope with cellular membranes, exposing
nucleocapsid

• Non-enveloped viruses undergo conformational changes from cellular triggers, leading to capsid
destabilization and genome release

• Endosomal acidification triggers conformational changes in viral proteins, crucial for many uncoating
processes

• Some viruses use host cell proteases to degrade capsid proteins, facilitating genome release

• Uncoating may occur in stages:

• Partial disassembly at cell surface or in endosomes

• Complete genome release in cytoplasm or nucleus

Timing and Cellular Factors
• Timing and location of uncoating critical for successful viral replication

• Uncoating process influences host's ability to detect and respond to infection

• Cellular factors involved in uncoating:

• pH changes in endosomes (influenza virus)

• Cellular chaperones (adenovirus)

• Proteasome activity (reovirus)

• Examples of uncoating locations:

• Poliovirus uncoats in the cytoplasm

• Herpesvirus uncoats at the nuclear pore

Enveloped vs Non-enveloped Entry

Structural Differences and Entry Strategies
• Enveloped viruses possess lipid bilayer from host cell membranes, non-enveloped viruses lack outer
membrane

• Enveloped viruses enter through membrane fusion at cell surface or within endosomes, using viral
fusion proteins
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• Non-enveloped viruses enter through endocytosis followed by membrane penetration or pore
formation in endosomal membrane

• Enveloped viruses exploit cellular membrane fusion machinery

• Non-enveloped viruses rely on capsid protein conformational changes for entry

• Examples of enveloped viruses:

• Influenza virus

• HIV

• Coronavirus

• Examples of non-enveloped viruses:

• Adenovirus

• Poliovirus

• Rotavirus

Uncoating and Environmental Stability
• Enveloped virus uncoating begins with envelope fusion

• Non-enveloped viruses require more extensive capsid disassembly for uncoating

• Enveloped viruses more susceptible to environmental factors and disinfectants due to lipid envelope

• Non-enveloped viruses tend to be more stable in various environments

• Both types can use receptor-mediated endocytosis, but subsequent steps in cell entry and uncoating
differ significantly

• Environmental stability examples:

• Influenza virus (enveloped) survives on surfaces for hours

• Norovirus (non-enveloped) can persist for weeks on surfaces

Host Cell Receptors and Tropism

Receptor Function and Viral Tropism
• Host cell receptors are specific molecules on cell surface that viruses recognize and bind to, initiating
entry process

• Distribution and abundance of specific receptors on different cell types determine viral tropism,
influencing infectable tissues

• Receptor binding often triggers conformational changes in viral proteins, facilitating subsequent entry
steps

• Some viruses use multiple receptors or co-receptors, affecting ability to infect different cell types or
species

• Affinity and specificity of virus-receptor interactions influence efficiency of viral entry and overall
infection course
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• Examples of receptor-mediated tropism:

• HIV targets CD4+ T cells using CD4 and chemokine receptors

• Hepatitis B virus targets liver cells using sodium taurocholate cotransporting polypeptide (NTCP)

Evolutionary Aspects and Therapeutic Implications
• Evolutionary changes in viral surface proteins can alter receptor usage, potentially changing host
range or tissue tropism

• Understanding virus-receptor interactions crucial for developing antiviral strategies (entry inhibitors,
receptor decoys)

• Receptor binding sites often conserved, making them potential targets for broad-spectrum antivirals

• Examples of receptor-based antiviral strategies:

• Maraviroc blocks HIV entry by targeting CCR5 co-receptor

• Neutralizing antibodies against viral attachment proteins (influenza hemagglutinin)

10.2 Viral genome replication and protein synthesis
Viral genome replication and protein synthesis are crucial steps in the viral life cycle. Different viruses use
diverse strategies based on their genome type, from DNA replication in the nucleus to RNA replication in
the cytoplasm. Some even employ unique methods like reverse transcription.

Viruses hijack host cell machinery for protein synthesis, using ribosomes and tRNAs. They've evolved
clever tricks to prioritize their own proteins, like cap-snatching and internal ribosome entry sites.
Post-translational modifications and polyprotein processing fine-tune viral protein function.

Viral Genome Replication Strategies

Diverse Replication Mechanisms
• Viruses employ varied replication strategies based on genomic composition (DNA or RNA) and
structure (single-stranded or double-stranded)

• DNA viruses typically replicate in the host cell nucleus using host or virus-encoded DNA polymerases

• RNA viruses replicate in the cytoplasm using RNA-dependent RNA polymerases (RdRp)

• Retroviruses convert their RNA genome into DNA using reverse transcriptase, then integrate into the
host genome

• Some viruses use a combination of DNA and RNA intermediates in their replication cycle (hepatitis B
virus)

Specialized Replication Techniques
• Segmented genome viruses employ unique strategies for genome packaging and reassortment
(influenza virus)

• Rolling circle replication enables efficient genome amplification in some single-stranded DNA viruses
(bacteriophage φX174)
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• Some viruses utilize host enzymes for genome replication while others encode their own specialized
polymerases

• Replication often involves the formation of replication complexes, which are virus-induced structures
in host cells

• Certain viruses manipulate host cell cycle to optimize conditions for viral genome replication

Viral Protein Synthesis

Host Cell Machinery Utilization
• Viral mRNA translated by host cell ribosomes in the cytoplasm, using host tRNAs and translation
factors

• Some viruses produce their own tRNAs or modify host tRNAs to optimize viral protein synthesis
(tRNA-like structures in plant viruses)

• Cap-snatching mechanism used by certain RNA viruses to obtain 5' caps from host cell transcripts
(influenza virus)

• Internal ribosome entry sites (IRES) allow some viral mRNAs to initiate translation independently of a
5' cap structure (hepatitis C virus)

• Viruses manipulate host cell translation machinery to preferentially synthesize viral proteins over
cellular proteins

• Shutoff of host protein synthesis

• Preferential translation of viral mRNAs

Viral Protein Processing and Modification
• Post-translational modifications of viral proteins often involve host cell enzymes

• Glycosylation of viral envelope proteins (influenza hemagglutinin)

• Phosphorylation of regulatory proteins (HIV Rev protein)

• Some viruses encode their own RNA polymerases to transcribe viral genes (poxviruses)

• Others rely entirely on host cell transcription machinery (papillomaviruses)

• Viral proteins may undergo proteolytic cleavage to generate functional subunits (HIV Gag-Pol
polyprotein)

DNA vs RNA Virus Replication

Replication Localization and Mechanisms
• DNA viruses typically replicate in the nucleus, RNA viruses in the cytoplasm, with exceptions
(poxviruses)

• DNA viruses often use host cell DNA polymerases, RNA viruses encode their own RNA-dependent
RNA polymerases

• Baltimore classification system categorizes viruses based on genome type and replication strategy
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• Class I: dsDNA viruses (herpesvirus)

• Class II: ssDNA viruses (parvovirus)

• Class III: dsRNA viruses (rotavirus)

• Class IV: (+)ssRNA viruses (coronavirus)

• Class V: (-)ssRNA viruses (rabies virus)

• Class VI: ssRNA-RT viruses (HIV)

• Class VII: dsDNA-RT viruses (hepatitis B virus)

RNA Virus-Specific Strategies
• Positive-sense RNA viruses use their genome directly as mRNA (poliovirus)

• Negative-sense RNA viruses must first transcribe complementary positive-sense RNA (influenza
virus)

• Double-stranded RNA viruses employ unique strategies for transcription and replication (rotavirus)

• Segmented genome replication

• Transcription within virus-encoded capsids

DNA Virus-Specific Strategies
• DNA viruses generally produce mRNA directly from their DNA genome

• Some DNA viruses replicate entirely in the cytoplasm, utilizing virus-encoded enzymes (poxviruses)

• Strategies for genome amplification vary among DNA viruses

• Rolling circle replication (bacteriophage φX174)

• Theta replication (SV40 virus)

Polyprotein Processing in Viral Replication

Polyprotein Structure and Function
• Viral polyproteins large precursor proteins cleaved into multiple functional proteins by viral or cellular
proteases

• Polyprotein processing allows viruses to encode multiple proteins from a single open reading frame,
maximizing genomic efficiency

• Order of protein domains within a polyprotein affects timing and efficiency of protein production during
viral replication

• Proteolytic processing of viral polyproteins essential for production of functional viral enzymes and
structural proteins

Polyprotein Processing Mechanisms
• Some viruses produce all their proteins as a single polyprotein cleaved into individual proteins
(picornaviruses)
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• Viral proteases responsible for polyprotein processing often targets for antiviral drug development
(HIV protease inhibitors)

• Regulation of polyprotein processing serves as a mechanism for controlling timing and levels of viral
protein production during infection

• Polyprotein processing can occur co-translationally or post-translationally, depending on the virus

• Cellular proteases may also play a role in viral polyprotein processing (furin-mediated cleavage of viral
envelope proteins)

10.3 Virion assembly and maturation
Virion assembly and maturation are crucial steps in the viral life cycle. Capsid proteins form protective
shells around viral genomes, with assembly processes varying among virus families. Proper packaging of
genetic material ensures the creation of infectious particles.

Maturation transforms assembled virions into infectious forms through structural changes and proteolytic
cleavages. This process activates viral proteins, condenses genomes, and prepares viruses for infection.
Understanding these steps is key for developing antiviral strategies targeting assembly and maturation.

Viral Capsid Assembly

Capsid Formation and Structure
• Viral capsid assembly involves precise arrangement of capsid proteins forming protective shell around
viral genome

• Assembly process occurs through:

• Self-assembly of capsid proteins

• Assisted assembly using scaffolding proteins guiding capsid structure formation

• Capsid structure determines:

• Virus shape (icosahedral, helical, complex)

• Symmetry (e.g. T=3, T=4 icosahedral symmetry)

• Examples of capsid structures:

• Adenovirus (icosahedral)

• Tobacco mosaic virus (helical)

Genome Packaging Mechanisms
• Packaging of viral genetic material utilizes specific recognition sequences on viral genome and
packaging proteins

• Headful mechanism fills capsid to capacity (bacteriophage P1, herpesvirus)

• Order of capsid assembly and genome packaging varies among virus families:

• Some assemble capsid first, then package genome (adenovirus)

• Others package genome simultaneously with capsid formation (retrovirus)
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• Energy-dependent molecular motors often involved in packaging viral genomes:

• Especially important for double-stranded DNA viruses (bacteriophage T4)

• Complex protein-nucleic acid interactions ensure proper orientation and complete encapsidation of
genetic material

Viral Enzymes and Proteins in Virion Assembly

Key Proteins in Assembly Process
• Viral proteases cleave polyprotein precursors into functional structural and non-structural proteins
necessary for assembly

• Capsid proteins (coat proteins) form protective shell of virion determining shape and symmetry

• Matrix proteins in enveloped viruses facilitate interaction between capsid and viral envelope during
assembly (influenza virus M1 protein)

• Scaffolding proteins guide formation of complex capsid structures:

• Often removed or degraded after assembly completion (bacteriophage P22)

• Viral glycoproteins incorporated into envelope of enveloped viruses:

• Play role in receptor binding and fusion with host cells (HIV gp120 and gp41)

Enzymes and Chaperones in Assembly
• Viral enzymes packaged into virion aid in initial stages of replication upon infection:

• DNA or RNA polymerases (influenza virus RNA-dependent RNA polymerase)

• Reverse transcriptase (HIV)

• Specific chaperone proteins assist in proper folding and assembly of viral structural components:

• Hsp90 in hepatitis C virus assembly

• GroEL in bacteriophage T4 assembly

Virion Maturation and Infectivity

Structural Changes During Maturation
• Virion maturation converts assembled particle into infectious form through structural rearrangements

• Proteolytic cleavage of viral proteins during maturation leads to:

• Conformational changes activating fusion proteins

• Exposure of receptor binding sites

• Maturation involves condensation of viral genome:

• Increases stability

• Prepares for release into new host cell

• Examples of maturation-induced changes:
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• HIV Gag protein cleavage

• Herpesvirus capsid angularization

Factors Influencing Infectivity
• Environmental triggers complete maturation process:

• pH changes (influenza virus)

• Proteolytic cleavage (rotavirus)

• Acquisition of infectivity through maturation often irreversible

• Immature virions typically non-infectious or have significantly reduced infectivity

• Understanding maturation process crucial for antiviral strategy development:

• Maturation inhibitors (HIV protease inhibitors)

• Capsid stabilizers (hepatitis B virus capsid inhibitors)

Assembly Processes of Virus Families

Enveloped vs Non-Enveloped Virus Assembly
• Enveloped viruses acquire lipid envelope by budding from host cell membranes:

• Influenza virus buds from plasma membrane

• HIV buds from plasma membrane or intracellular compartments

• Non-enveloped viruses lack budding step:

• Adenovirus assembles in nucleus and released by cell lysis

• Poliovirus assembles in cytoplasm and released by cell lysis

Unique Assembly Strategies
• DNA viruses often assemble capsids in nucleus:

• Herpesviruses form capsids in nucleus, then acquire tegument and envelope in cytoplasm

• Most RNA viruses assemble in cytoplasm:

• Coronaviruses assemble at endoplasmic reticulum-Golgi intermediate compartment

• Retroviruses have unique assembly process:

• Package genomic RNA

• Undergo reverse transcription after entry into new host cell

• Complex viruses use multiple assembly compartments:

• Poxviruses form several membrane-bound structures during assembly

• Helical virus assembly differs from icosahedral:

• Rabies virus nucleocapsid formed by winding genomic material around capsid proteins
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• Some viruses form subviral particles without genetic material:

• Hepatitis B virus surface antigen particles

• Assembly and maturation time varies among virus families:

• Minutes for small RNA viruses (picornaviruses)

• Hours for large DNA viruses (poxviruses)

10.4 Viral release and spread
Viral release and spread are crucial stages in the viral life cycle. These processes determine how viruses
exit infected cells and infect new ones. Understanding these mechanisms is key to grasping how viruses
propagate and cause disease.

Viruses use different strategies to leave host cells, like budding, exocytosis, or cell lysis. The method
depends on the virus type and structure. These exit strategies are finely tuned to maximize viral spread
and survival in the host.

Viral Exit Mechanisms

Strategies for Viral Egress
• Viruses employ various strategies to exit host cells including budding, exocytosis, and cell lysis
depending on their structure and replication cycle

• Enveloped viruses primarily use budding or exocytosis to exit cells

• Non-enveloped viruses typically rely on cell lysis for release

• Some viruses spread directly from cell to cell without entering the extracellular space utilizing
cell-to-cell fusion or specialized structures (virological synapses)

• Viral proteins orchestrate the exit process often interacting with host cellular machinery

• Exit timing coordinates with viral replication cycle to maximize production of infectious particles

• Viruses modify host cell membranes or cytoskeleton to facilitate release demonstrating complex
virus-host interactions during egress

Molecular Mechanisms of Viral Exit
• Matrix proteins connect viral components to host cell membrane during budding

• Viroporins and cell-lysis proteins disrupt cellular membranes to facilitate non-enveloped virus release

• Many enveloped viruses utilize host cell's ESCRT (Endosomal Sorting Complexes Required for
Transport) machinery for membrane scission during budding

• Some viruses modify lipid composition of host membrane at budding sites to optimize process and
ensure stability of released virions

• Viral exit can occur at various cellular membranes (plasma membrane, endoplasmic reticulum, Golgi
apparatus) depending on virus type

• Timing of cell lysis coordinates with completion of viral replication cycle to maximize progeny virus
release
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• Efficiency of exit mechanism impacts spread within host and influences overall course of infection

Viral Budding for Enveloped Viruses

The Budding Process
• Viral budding acquires lipid envelope from host cell membrane as viruses exit the cell

• Process involves accumulation of viral structural proteins and genomic material at specific sites on
cellular membranes

• Budding allows simultaneous assembly and release of viral particles often without immediately killing
the host cell

• Occurs at various cellular membranes (plasma membrane, endoplasmic reticulum, Golgi apparatus)
depending on virus type

• Matrix proteins organize budding process and connect viral components to host cell membrane

• Many enveloped viruses utilize host cell's ESCRT machinery to facilitate membrane scission during
budding

• Some viruses modify lipid composition of host membrane at budding sites to optimize process and
ensure stability of released virions

Examples and Variations in Viral Budding
• Influenza virus buds from the apical plasma membrane of polarized epithelial cells

• HIV-1 utilizes ESCRT machinery for budding and release from T cells and macrophages

• Hepatitis B virus buds into the lumen of the endoplasmic reticulum

• Herpes simplex virus acquires its envelope by budding through the inner nuclear membrane

• Ebola virus uses VP40 matrix protein to drive budding from the plasma membrane

• Measles virus forms syncytia and can spread directly between cells without traditional budding

• Coronaviruses bud into the ERGIC (ER-Golgi intermediate compartment) before exiting the cell

Cell Lysis for Non-enveloped Viruses

Mechanisms of Cell Lysis
• Cell lysis ruptures host cell membrane to release non-enveloped viruses

• Viral proteins (viroporins or cell-lysis proteins) disrupt cellular membranes to facilitate virus release

• Timing of cell lysis coordinates with completion of viral replication cycle to maximize progeny virus
release

• Cell lysis results in death of host cell making it more destructive than budding

• Process triggers inflammatory responses in the host contributing to pathogenesis of viral infections

• Some non-enveloped viruses lyse cells from within while others require external factors or stresses

• Efficiency of cell lysis impacts viral spread within host and influences overall course of infection
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Examples and Consequences of Viral Lysis
• Poliovirus uses 2B protein to form pores in cellular membranes leading to osmotic lysis

• Adenovirus expresses adenovirus death protein (ADP) to induce cell lysis late in infection

• Rotavirus NSP4 protein disrupts calcium homeostasis contributing to enterocyte death and diarrhea

• Norovirus infection leads to apoptosis and subsequent lysis of intestinal epithelial cells

• Reovirus-induced apoptosis culminates in cell lysis and release of progeny virions

• Parvovirus B19 causes lysis of erythroid progenitor cells leading to severe anemia in some patients

• Coxsackievirus B3 lysis of cardiomyocytes contributes to viral myocarditis

Factors Influencing Viral Spread

Host and Environmental Factors
• Viral tropism influences pattern of viral spread within host by determining which cell types or tissues
can be infected

• Route of viral transmission (respiratory, fecal-oral, bloodborne) affects spread between hosts and
within populations

• Host immune responses limit viral spread with innate and adaptive immunity controlling infection at
different stages

• Environmental conditions (temperature, humidity, pH) affect viral stability and transmission potential
outside the host

• Population dynamics (host density, behavior) influence rate and pattern of viral spread between
individuals

• Mode of viral release (budding vs. lysis) affects kinetics of viral spread and host's immune response to
infection

• Viral genetic diversity and rapid mutation lead to emergence of new strains with altered transmission
characteristics or host ranges

Viral Factors and Adaptation Strategies
• Replication rate impacts efficiency of viral spread within host and between individuals

• Viral stability in environment determines survival time outside host and transmission potential

• Mechanisms of immune evasion (antigenic drift, latency) enhance viral persistence and spread

• Ability to establish persistent infections allows long-term shedding and increased transmission
opportunities

• Viral surface proteins mediate attachment to host cells influencing tissue tropism and spread patterns

• Some viruses manipulate host cell biology to enhance their own dissemination (e.g., inducing cell
motility)

• Viral encoded factors can modulate host immune responses to facilitate spread (immunosuppression,
cytokine manipulation)
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Unit 11 – Host–Virus Interactions and
Immune Responses
11.1 Innate immune responses to viral infections
Viruses are masters of deception, but our bodies have a secret weapon: the innate immune system. This
first line of defense uses pattern recognition receptors to spot viral invaders and sound the alarm. It's like
having security cameras that can detect even the sneakiest intruders.

Once alerted, our bodies unleash a powerful antiviral response. Interferons and cytokines act as chemical
messengers, rallying immune cells to battle stations. Natural killer cells, macrophages, and other innate
defenders swoop in to contain the viral threat and set the stage for adaptive immunity.

Pattern Recognition Receptors in Viral Detection

Types and Functions of PRRs
• Pattern recognition receptors (PRRs) detect conserved molecular patterns associated with viruses

• Specialized proteins expressed by innate immune cells

• Recognize pathogen-associated molecular patterns (PAMPs)

• PAMPs include viral nucleic acids, proteins, and glycoproteins

• Toll-like receptors (TLRs) recognize various viral PAMPs

• TLR3 detects double-stranded RNA

• TLR7/8 detects single-stranded RNA

• TLR9 detects unmethylated CpG DNA

• RIG-I-like receptors (RLRs) detect viral RNA in the cytoplasm

• Include RIG-I and MDA5

• NOD-like receptors (NLRs) and cytosolic DNA sensors detect intracellular viral components

• cGAS serves as a crucial cytosolic DNA sensor

PRR Signaling and Immune Activation
• PRRs initiate signaling cascades upon viral PAMP recognition

• Activate transcription factors (NF-κB and IRFs)

• Induce expression of antiviral genes

• Trigger production of inflammatory mediators

• Signaling leads to diverse cellular responses

• Upregulation of antiviral proteins

• Secretion of pro-inflammatory cytokines (TNF-α, IL-1β)
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• Production of type I interferons

• PRR activation enhances antigen presentation

• Increases expression of MHC molecules

• Promotes maturation of dendritic cells

• PRR signaling bridges innate and adaptive immunity

• Stimulates T cell activation

• Enhances B cell responses

Interferons and Cytokines in Antiviral Response

Interferon Types and Functions
• Interferons (IFNs) play critical roles in innate antiviral responses

• Three main types: Type I (IFN-α and IFN-β), Type II (IFN-γ), and Type III (IFN-λ)

• Type I IFNs rapidly produced during viral infections

• Induce antiviral state in neighboring cells

• Upregulate expression of interferon-stimulated genes (ISGs)

• ISGs encode proteins with diverse antiviral functions

• Inhibit viral replication (OAS/RNase L system)

• Block protein synthesis (PKR)

• Prevent viral entry (IFITM proteins)

• Type II IFN (IFN-γ) primarily produced by natural killer cells and T cells

• Enhances antigen presentation

• Activates macrophages

• Promotes development of adaptive immune responses

• Type III IFNs (IFN-λ) provide antiviral protection at mucosal surfaces

• Act primarily on epithelial cells

Pro-inflammatory Cytokines and Chemokines
• Pro-inflammatory cytokines contribute to antiviral responses

• TNF-α, IL-1β, and IL-6 key players

• Induce fever (IL-1β)

• Promote inflammation

• Recruit immune cells to infection sites

• Chemokines direct migration of immune cells
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• CXCL10 attracts activated T cells

• CCL5 recruits monocytes and T cells

• CXCL8 (IL-8) attracts neutrophils

• Cytokine and chemokine networks orchestrate overall immune response

• Coordinate innate and adaptive immunity

• Regulate inflammation

• Shape the development of virus-specific T and B cell responses

Innate Immune Cells in Viral Control

Natural Killer Cells and Cytotoxicity
• Natural killer (NK) cells play crucial role in early viral control

• Recognize and kill virus-infected cells through cytotoxic mechanisms

• Release perforin and granzymes

• Induce apoptosis in target cells

• NK cells use complex receptor systems to identify infected cells

• Activating receptors (NKG2D, NCRs) recognize stress-induced ligands

• Inhibitory receptors (KIRs) detect reduced MHC class I expression

• NK cells produce cytokines to shape immune responses

• IFN-γ enhances antiviral state

• TNF-α promotes inflammation

Macrophages and Antigen-Presenting Cells
• Macrophages contribute to antiviral defense through multiple mechanisms

• Phagocytose and destroy virus-infected cells

• Produce pro-inflammatory cytokines (TNF-α, IL-1β, IL-6)

• Secrete chemokines to recruit other immune cells

• Dendritic cells (DCs) bridge innate and adaptive immunity

• Capture and process viral antigens

• Present antigens to T cells in lymphoid organs

• Produce type I interferons

• Neutrophils release neutrophil extracellular traps (NETs)

• NETs trap and neutralize viruses

• Produce reactive oxygen species
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• Secrete antiviral proteins (α-defensins)

Other Innate Immune Cells
• Innate lymphoid cells (ILCs) contribute to antiviral immunity

• Produce cytokines at mucosal surfaces

• ILC1s produce IFN-γ

• ILC2s enhance tissue repair after viral damage

• Eosinophils release antiviral proteins

• Eosinophil-derived neurotoxin (EDN) degrades viral RNA

• Mast cells act as sentinel cells in tissues

• Release inflammatory mediators upon viral detection

• Recruit other immune cells to infection sites

Innate vs Adaptive Immunity in Viral Infections

Initiation and Shaping of Adaptive Responses
• Innate immune response provides first line of defense against viruses

• Crucial for initiating and shaping subsequent adaptive immunity

• Antigen-presenting cells process and present viral antigens

• Dendritic cells migrate to lymph nodes

• Activate virus-specific T cells through antigen presentation

• Type I interferons enhance adaptive immune activation

• Promote antigen presentation

• Support T cell activation and differentiation

• Enhance B cell responses and antibody production

Cytokine-Mediated Immune Coordination
• Cytokines and chemokines create inflammatory environment

• Support recruitment of adaptive immune cells

• IL-12 promotes Th1 differentiation

• IL-6 and TGF-β support Th17 development

• Natural killer cells promote adaptive immunity

• Produce IFN-γ to enhance T cell responses

• Support antibody production by B cells

• Innate immune cells provide co-stimulatory signals
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• CD80/CD86 on APCs interact with CD28 on T cells

• Enhance T cell activation and proliferation

Long-term Protection and Memory
• Adaptive immune response provides specific, long-lasting protection

• Cytotoxic T cells eliminate virus-infected cells

• Helper T cells support B cell and CD8+ T cell functions

• Neutralizing antibodies prevent viral entry into cells

• Memory T and B cells contribute to rapid secondary responses

• Provide quick protection upon re-exposure to same or similar viruses

• Memory CD8+ T cells rapidly expand and eliminate infected cells

• Memory B cells quickly differentiate into antibody-producing plasma cells

• Innate immune memory (trained immunity) enhances future responses

• Epigenetic changes in innate immune cells

• Leads to heightened responsiveness to subsequent infections

11.2 Adaptive immune responses against viruses
Adaptive immune responses against viruses are crucial for fighting infections. T cells and B cells work
together, with T cells killing infected cells and B cells producing antibodies. This teamwork creates a
powerful defense system that remembers past invaders.

The immune system's memory is key to long-term protection. After an infection, memory cells stick around,
ready to jump into action if the same virus shows up again. This quick response is why vaccines work so
well, giving us a head start against dangerous viruses.

T cells and B cells in viral immunity

Lymphocyte functions and differentiation
• T cells and B cells function as central components of adaptive immunity against viral infections

• T cells responsible for cell-mediated immunity differentiate into CD4+ helper T cells and CD8+
cytotoxic T cells

• CD4+ helper T cells activate and regulate other immune cells (B cells, CD8+ T cells, macrophages)

• CD8+ cytotoxic T cells directly kill virus-infected cells by releasing cytotoxic granules (perforin,
granzymes) and inducing apoptosis

• B cells produce antibodies for humoral immunity neutralizing viruses and marking them for destruction

• Clonal expansion occurs when T and B cells recognize viral antigens resulting in rapid increase of
virus-specific lymphocytes
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Collaborative mechanisms and memory formation
• T cells and B cells collaborate through cytokine signaling and direct cell-to-cell interactions for
effective antiviral response

• Example: CD4+ T cells provide co-stimulatory signals to B cells in germinal centers

• Example: Cytokines like IL-2 from CD4+ T cells promote CD8+ T cell proliferation

• Memory T cells and B cells persist after initial infection providing long-term protection

• Memory cells can quickly reactivate upon subsequent viral exposure

• Memory B cells can rapidly differentiate into antibody-producing plasma cells

• Germinal center reactions in lymphoid tissues facilitate affinity maturation of B cells and generation of
long-lived plasma cells

Antibody vs Cell-mediated immunity

Antibody-mediated immunity mechanisms
• Antibody-mediated (humoral) immunity involves production of virus-specific antibodies by B cells and
plasma cells

• Antibodies contribute to viral clearance through multiple mechanisms

• Neutralization binds viral surface proteins preventing entry into host cells (hemagglutinin in influenza
viruses)

• Opsonization coats viruses facilitating phagocytosis by immune cells (macrophages, neutrophils)

• Complement activation triggers complement cascade enhancing viral destruction

• Antibodies can act at multiple stages of viral life cycle

• Prevent viral attachment to host cell receptors

• Inhibit viral fusion with host cell membranes

• Aggregate viruses reducing infectivity

Cell-mediated immunity mechanisms
• Cell-mediated immunity primarily involves T cells particularly CD8+ cytotoxic T lymphocytes (CTLs)

• CTLs recognize viral peptides presented on MHC class I molecules on infected cell surfaces

• CTLs induce apoptosis in virus-infected cells through release of perforin and granzymes

• Perforin forms pores in target cell membrane

• Granzymes enter through pores and activate caspase-mediated apoptosis

• CD4+ helper T cells support both antibody-mediated and cell-mediated responses

• Activate B cells through CD40-CD40L interactions and cytokine production

• Enhance function of CD8+ T cells and other immune cells (macrophages, NK cells)
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• Coordination between antibody-mediated and cell-mediated immunity crucial for effective viral
clearance and prevention of chronic infections

Immunological memory for viral protection

Characteristics of immunological memory
• Immunological memory allows adaptive immune system to recognize and mount rapid enhanced
response to previously encountered pathogens

• Memory B cells and memory T cells persist as long-lived lymphocytes after initial infection clearance

• Upon re-exposure to same virus memory cells quickly proliferate and differentiate into effector cells

• Secondary immune response mediated by memory cells characterized by

• Shorter lag time before response initiation (hours instead of days)

• More rapid production of high-affinity antibodies

• Greater magnitude and duration of overall immune response

Applications and variations in immunological memory
• Immunological memory forms basis for vaccination exposing immune system to attenuated or
inactivated viruses or viral components

• Example: Measles vaccine induces long-lasting immunity preventing disease outbreaks

• Example: Influenza vaccines require annual updates due to viral antigenic drift

• Duration of immunological memory varies depending on virus and individual

• Some memories last lifetime (measles, mumps)

• Others may wane over time requiring booster vaccinations (tetanus, pertussis)

• Factors affecting memory longevity include

• Persistence of antigen in lymphoid tissues

• Survival signals from stromal cells and cytokines

• Frequency of re-exposure to pathogen

Factors influencing adaptive immunity to viruses

Viral factors affecting immune responses
• Antigenic variability impacts effectiveness of adaptive immunity

• High mutation rates in viruses (influenza, HIV) enable evasion of existing antibodies and T cells

• Antigenic drift gradual accumulation of mutations in surface proteins

• Antigenic shift major changes in viral antigens (pandemic influenza strains)

• Immunosuppressive mechanisms employed by viruses

• Direct interference with immune cell function (HIV targeting CD4+ T cells)
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• Inhibition of antigen presentation (herpes viruses downregulating MHC molecules)

• Production of immunomodulatory proteins (poxvirus-encoded cytokine receptors)

Host and environmental influences on immunity
• Host factors influencing adaptive immune response effectiveness

• Genetic background affects antigen presentation and immune cell function

• HLA types determine peptide binding and T cell recognition

• Polymorphisms in cytokine genes impact immune regulation

• Age-related changes in immunity

• Immature immune systems in newborns less effective against some pathogens

• Immunosenescence in elderly leads to decreased vaccine responsiveness

• Overall health status impacts immune function

• Malnutrition impairs lymphocyte proliferation and antibody production

• Chronic stress suppresses T cell responses and antibody production

• Environmental factors modulating adaptive immune responses

• Exposure history shapes pre-existing immunity and cross-reactive responses

• Co-infections alter immune environment (HIV and opportunistic infections)

• Microbiome composition influences immune development and function

11.3 Viral immune evasion strategies
Viruses are masters of deception, employing clever tricks to dodge our immune defenses. From
shape-shifting to hide from antibodies to sabotaging our cellular alarm systems, these microscopic
invaders have an arsenal of sneaky tactics.

Understanding these viral evasion strategies is crucial for developing effective treatments and vaccines. By
outsmarting our immune system, viruses can establish long-term infections and cause serious diseases.
Let's explore their crafty methods of survival.

Viral Immune Evasion Mechanisms

Antigenic Variation and Latency
• Viruses employ multiple strategies to evade host immune responses (antigenic variation, latency,
interference with immune system components)

• Antigenic drift and shift allow viruses to escape antibody recognition and neutralization

• Drift involves gradual mutations in surface proteins

• Shift involves major changes through genetic reassortment (influenza viruses)

• Some viruses establish latent infections in host cells

• Hide from immune surveillance during dormancy periods
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• Reactivate under certain conditions to produce new virions (herpes simplex virus)

Molecular Mimicry and Immune Interference
• Viruses produce proteins mimicking host immune molecules

• Interfere with normal immune function and signaling

• Can bind to and activate/inhibit host receptors (Epstein-Barr virus BCRF1 protein mimics IL-10)

• Certain viruses encode proteins directly inhibiting or degrading key immune components

• Target interferons, complement proteins, cytokines

• Poxviruses produce soluble versions of cytokine receptors to neutralize host cytokines

• Some viruses infect and kill immune cells

• Compromise host's ability to mount effective immune response

• HIV targets and depletes CD4+ T cells

Alteration of Host Cell Recognition
• Viruses alter expression of host cell surface molecules involved in immune recognition

• Make infected cells less visible to immune system

• Downregulate adhesion molecules or co-stimulatory factors

• Modify or internalize receptors used by immune cells to identify infected cells

• Reduce natural killer cell recognition by altering MHC class I-like molecules (MICA/MICB)

• Induce expression of inhibitory molecules on infected cells

• Upregulate PD-L1 to suppress T cell responses (hepatitis C virus)

Interference with Antigen Presentation

MHC Class I Downregulation
• Viruses downregulate expression of MHC class I molecules on infected cell surface

• Reduce antigen presentation to cytotoxic T cells

• HIV Nef protein induces MHC class I endocytosis and degradation

• Produce proteins interfering with intracellular processing and loading of viral peptides onto MHC
molecules

• Disrupt the peptide-loading complex in the endoplasmic reticulum

• Human cytomegalovirus US6 protein blocks TAP-mediated peptide transport

• Certain viral proteins bind to and sequester MHC molecules

• Prevent their transport to cell surface

• Adenovirus E3-19K protein retains MHC class I in the ER
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Alteration of MHC-Peptide Interactions
• Viruses alter the peptide-binding groove of MHC molecules

• Affect presentation of viral antigens

• HCMV US2 and US11 proteins induce degradation of MHC class I heavy chains

• Encode proteins mimicking host immune checkpoint molecules

• Induce T cell exhaustion or anergy

• Herpes simplex virus-1 gD protein binds to HVEM, interfering with T cell co-stimulation

• Interfere with formation or stability of immunological synapse between T cells and antigen-presenting
cells

• Disrupt signaling required for T cell activation

• HIV Nef protein alters actin cytoskeleton rearrangement in T cells

Inhibition of Innate Immune Signaling

Interference with Pattern Recognition and Signaling
• Viruses produce proteins interfering with pattern recognition receptor (PRR) signaling

• Target RIG-I-like receptors and Toll-like receptors

• Influenza NS1 protein inhibits RIG-I activation

• Encode proteins inhibiting activation or function of key transcription factors in innate immune
responses

• Target IRF3 and NF-κB

• Hepatitis C virus NS3/4A protease cleaves MAVS to block IRF3 activation

• Certain viral proteins directly bind to and inhibit type I interferon molecules or their receptors

• Prevent interferon signaling and antiviral state induction

• Vaccinia virus B18R protein acts as a soluble IFN-α/β receptor

Disruption of Interferon Responses
• Viruses interfere with JAK-STAT signaling pathway

• Disrupt cellular response to interferons

• Paramyxovirus V proteins induce STAT protein degradation

• Produce proteins inhibiting or degrading interferon-stimulated gene (ISG) products

• Target specific antiviral effectors

• Influenza NS1 protein inhibits PKR, an important ISG

• Manipulate cellular stress responses to favor viral replication

• Alter unfolded protein response to evade innate immune detection
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• Hepatitis C virus NS4B protein modulates the unfolded protein response

Modulation of Cell Death Pathways
• Viruses encode proteins interfering with cellular apoptosis pathways

• Prevent elimination of infected cells by programmed cell death

• Epstein-Barr virus BHRF1 protein mimics cellular Bcl-2 to inhibit apoptosis

• Alter the balance between pro-apoptotic and anti-apoptotic factors

• Promote survival of infected cells

• Human papillomavirus E6 protein targets p53 for degradation

• Manipulate cellular metabolism to create a favorable environment for viral replication

• Alter mitochondrial function and energy production

• Hepatitis C virus proteins interact with mitochondria to modulate apoptosis signaling

Consequences of Viral Immune Evasion

Persistent Infections and Disease Severity
• Viral immune evasion strategies lead to persistent or chronic infections

• Host immune system fails to clear virus effectively

• Hepatitis B virus establishes chronic infection in some individuals

• Immune evasion mechanisms contribute to increased viral replication and spread within host

• Potentially lead to more severe disease

• Influenza virus NS1 protein enhances viral replication by inhibiting innate immune responses

• Ability of viruses to evade immune responses results in prolonged periods of viral shedding

• Increase likelihood of transmission to new hosts

• Norovirus shedding can persist for weeks after symptom resolution

Viral Reservoirs and Treatment Challenges
• Viral immune evasion leads to establishment of viral reservoirs in specific tissues or cell types

• Complicate efforts to eliminate virus from host

• HIV establishes latent reservoirs in resting memory CD4+ T cells

• Constant evolution of viral immune evasion mechanisms drives emergence of new viral variants

• Enhanced ability to escape immune control

• SARS-CoV-2 variants with mutations in spike protein evade neutralizing antibodies

• Understanding viral immune evasion strategies crucial for development of effective vaccines and
antiviral therapies
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• Impact treatment efficacy and vaccine-induced immunity

• Hepatitis C virus therapies target specific viral proteins to overcome immune evasion mechanisms

Immune-Mediated Pathologies
• Immune evasion strategies contribute to development of immune-mediated pathologies

• Host immune system becomes dysregulated during course of infection

• Dengue virus infection can lead to antibody-dependent enhancement and severe dengue

• Chronic viral infections may induce T cell exhaustion

• Impair overall immune function

• Hepatitis B virus infection associated with dysfunctional virus-specific T cells

• Viral manipulation of immune responses can lead to autoimmune-like symptoms

• Molecular mimicry between viral and host antigens

• Epstein-Barr virus infection associated with increased risk of multiple sclerosis

11.4 Immunopathology in viral infections
Viral infections can trigger immune responses that harm our own tissues, a phenomenon called
immunopathology. This process involves excessive inflammation, autoimmunity, and immune complex
deposition, often causing more damage than the virus itself.

Understanding immunopathology is crucial for developing treatments that calm the immune system without
compromising viral clearance. Examples include using steroids in severe COVID-19 and targeting specific
cytokines in cytokine storm syndromes.

Immunopathology in Viral Diseases

Defining Immunopathology
• Immunopathology involves damage to host tissues caused by the immune response during infection
rather than the pathogen itself

• Exacerbates disease severity and contributes to organ dysfunction in viral infections

• Challenges traditional view that viral disease symptoms stem solely from direct viral cytopathic effects

• Occurs through mechanisms including excessive inflammation, autoimmunity, and immune complex
deposition

• Crucial for developing targeted therapies that modulate immune response without compromising viral
clearance

• Example: Corticosteroids in severe COVID-19 to reduce inflammation

• Example: Monoclonal antibodies targeting specific cytokines in cytokine storm syndromes

Mechanisms of Immune-Mediated Tissue Damage
• Cytokine storm leads to systemic inflammation and multi-organ failure
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• Overproduction of pro-inflammatory cytokines (TNF-α, IL-6, IL-1β)

• Can result in vascular leak, hypotension, and coagulopathy

• T cell-mediated cytotoxicity causes widespread destruction of infected and bystander cells

• Excessive activation of cytotoxic T lymphocytes

• Release of perforin and granzymes damages surrounding tissues

• Antibody-dependent enhancement (ADE) facilitates viral entry into cells

• Non-neutralizing antibodies bind to virus and enhance infection

• Observed in dengue virus and potentially in other viral infections

• Complement activation triggers tissue damage and vascular leakage

• Inappropriate or excessive activation of complement cascade

• Formation of membrane attack complex on host cells

• Immune complex deposition in tissues triggers local inflammation and organ dysfunction

• Antigen-antibody complexes accumulate in blood vessels and organs

• Activate complement and recruit inflammatory cells

• Autoantibody production induced by molecular mimicry between viral and host antigens

• Cross-reactive antibodies target host tissues

• Can lead to post-viral autoimmune disorders (Guillain-Barré syndrome)

• Dysregulation of regulatory T cells results in unchecked inflammatory responses

• Impaired function or depletion of Tregs

• Leads to excessive activation of effector T cells and innate immune cells

Immune Response and Tissue Damage

Cytokine Storm and Inflammation
• Cytokine storm involves rapid and excessive production of pro-inflammatory cytokines

• Key cytokines include TNF-α, IL-6, IL-1β, and IFN-γ

• Results in systemic inflammation and potential multi-organ failure

• Excessive inflammation damages tissues and disrupts organ function

• Increased vascular permeability leads to edema and hypotension

• Activation of coagulation cascade can cause disseminated intravascular coagulation

• Acute respiratory distress syndrome (ARDS) often results from cytokine storm in respiratory infections

• Characterized by diffuse alveolar damage and hypoxemia

• Observed in severe cases of influenza, SARS-CoV-2, and other respiratory viruses
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Cellular Immune Responses and Tissue Injury
• Cytotoxic T lymphocytes (CTLs) directly kill virus-infected cells

• Release of cytotoxic granules containing perforin and granzymes

• Can lead to extensive tissue damage if not properly regulated

• Natural killer (NK) cells contribute to early viral control but may cause collateral damage

• Recognize and eliminate virus-infected cells without prior sensitization

• Excessive NK cell activation can lead to tissue injury

• Macrophage activation syndrome causes organ dysfunction through hyperinflammation

• Characterized by uncontrolled activation and proliferation of macrophages

• Results in hemophagocytosis and cytokine overproduction

• Neutrophil extracellular traps (NETs) contribute to tissue damage and thrombosis

• NETs released by activated neutrophils can damage surrounding tissues

• Implicated in the pathogenesis of severe COVID-19 and other viral infections

Protective Immunity vs Immunopathology

Factors Influencing Immune Balance
• Viral factors affect the balance between protection and pathology

• Viral tropism determines which tissues are affected

• Replication kinetics influence the speed and magnitude of immune response

• Host genetic factors contribute to susceptibility to immunopathology

• Polymorphisms in cytokine genes can affect inflammatory responses

• HLA types influence T cell responses and potential for autoimmunity

• Age-related changes in immunity impact the balance

• Immunosenescence in elderly increases risk of severe viral infections

• Immature immune systems in infants may lead to exaggerated responses

• Pre-existing immunity from prior infections or vaccination affects outcomes

• Cross-reactive T cells can provide protection or potentially enhance pathology

• Phenomenon of "original antigenic sin" may skew immune responses

Regulatory Mechanisms
• Regulatory T cells (Tregs) suppress excessive immune activation

• Produce immunosuppressive cytokines (IL-10, TGF-β)

• Maintain immune homeostasis and prevent autoimmunity
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• Programmed cell death-1 (PD-1) pathway regulates T cell responses

• Inhibits T cell activation and effector functions

• Dysregulation can lead to T cell exhaustion or excessive activation

• Interleukin-10 (IL-10) acts as a key anti-inflammatory cytokine

• Suppresses production of pro-inflammatory cytokines

• Helps resolve inflammation and prevent tissue damage

• Resolution of inflammation involves specialized pro-resolving mediators

• Lipoxins, resolvins, and protectins actively promote tissue repair

• Dysregulation of these pathways can lead to chronic inflammation

Immunopathology in Viral Disease Examples

Respiratory Viral Infections
• Influenza causes severe cases involving cytokine storm and lung inflammation

• Excessive production of pro-inflammatory cytokines (TNF-α, IL-6, IFN-γ)

• T cell-mediated destruction of virus-infected epithelial cells

• COVID-19 leads to hyperinflammation and multi-organ complications

• ARDS characterized by diffuse alveolar damage and hypoxemia

• Cytokine storm contributes to systemic inflammation and coagulopathy

• Respiratory syncytial virus (RSV) triggers T cell-mediated immunopathology

• Severe bronchiolitis in infants and young children

• CD4+ and CD8+ T cells contribute to airway inflammation and obstruction

Hemorrhagic Fever Viruses
• Dengue hemorrhagic fever involves ADE and T cell-mediated immunopathology

• Non-neutralizing antibodies enhance viral entry into cells

• Cytokine storm leads to increased vascular permeability and coagulopathy

• Ebola virus disease causes systemic inflammation and coagulation disorders

• Impaired adaptive immunity and cytokine dysregulation

• Massive apoptosis of lymphocytes contributes to immunosuppression

Chronic Viral Infections
• Hepatitis B and C lead to T cell-mediated liver damage and fibrosis

• Chronic inflammation results in progressive liver injury

• Eventually leads to cirrhosis and increased risk of hepatocellular carcinoma
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• Human immunodeficiency virus (HIV) causes chronic immune activation

• Persistent inflammation contributes to non-AIDS comorbidities

• Depletion of CD4+ T cells leads to immunodeficiency
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Unit 12 – Viral Pathogenesis and Disease
Mechanisms
12.1 Factors influencing viral pathogenesis
Viral pathogenesis is a complex interplay of host, viral, and environmental factors. These elements work
together to determine how a virus infects, spreads, and causes disease in the body. Understanding this
interplay is crucial for predicting outcomes and developing effective treatments.

Host genetics, immune status, and overall health play key roles in viral infections. At the same time, viral
genetic makeup, replication strategies, and immune evasion tactics shape how the virus behaves in the
body. Environmental factors like climate, pollution, and healthcare access further influence disease
progression and spread.

Host Factors in Viral Pathogenesis

Genetic and Immune Influences
• Host genetic factors determine susceptibility or resistance to viral infections through variations in
receptor genes, immune response genes, and antiviral defense mechanisms

• Specific gene variations affect virus binding (CCR5 delta 32 mutation for HIV resistance)

• Polymorphisms in immune genes alter cytokine production (IL-28B for hepatitis C outcomes)

• Host's immune status impacts viral pathogenesis by influencing control of viral replication and spread

• Innate immunity provides immediate, non-specific defense (interferon production, natural killer cells)

• Adaptive immunity develops specific responses (antibodies, cytotoxic T cells)

• Age-related differences in immune function and organ development affect viral pathogenesis

• Infants have immature immune systems, increasing susceptibility (respiratory syncytial virus)

• Elderly individuals experience immunosenescence, leading to more severe infections (influenza)

Health Status and Tissue Factors
• Pre-existing medical conditions exacerbate viral pathogenesis by compromising effective immune
responses

• Cardiovascular disease increases risk of severe outcomes (COVID-19)

• Diabetes alters immune function and increases susceptibility (various viral infections)

• Nutritional status influences viral pathogenesis through effects on immune function

• Malnutrition leads to increased susceptibility and severity of viral infections

• Vitamin D deficiency associated with more severe respiratory infections

• Host tissue tropism affects viral entry and replication, influencing pathogenesis

• Presence of specific cellular receptors determines viral targets (ACE2 for SARS-CoV-2)
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• Co-receptors facilitate viral entry (CD4 and chemokine receptors for HIV)

Microbiome and Viral Interactions
• Host's microbiome composition modulates viral pathogenesis

• Influences immune responses (gut microbiome affects systemic immunity)

• Potentially competes with or facilitates viral infections

• Microbiome dysbiosis alters susceptibility to enteric viruses (rotavirus)

Viral Factors in Pathogenesis

Genetic and Replication Strategies
• Viral genetic composition and genome organization determine virulence

• Specific genes contribute to enhanced pathogenicity (PB1-F2 in influenza A viruses)

• Genetic elements affect host interactions (internal ribosome entry sites in picornaviruses)

• Viral replication strategies impact pathogenesis by affecting viral spread and tissue damage

• Speed of replication influences disease progression (rapid replication in acute infections)

• Efficiency of replication affects viral load and transmission (high-fidelity polymerases)

Tropism and Immune Evasion
• Viral tropism influences which tissues and organs are affected during infection

• Specificity of viral surface proteins for host cell receptors determines target cells

• Neurotropic viruses target nervous system cells (rabies virus)

• Mechanisms of viral immune evasion contribute to pathogenesis

• Antigenic drift allows viruses to escape antibody recognition (influenza viruses)

• Antigenic shift leads to pandemic potential (reassortment in influenza A viruses)

• Molecular mimicry helps viruses evade immune detection (Epstein-Barr virus)

Virulence Factors and Infection Dynamics
• Viral-encoded virulence factors directly contribute to tissue damage and disease manifestation

• Toxins disrupt cellular functions (HIV Tat protein)

• Proteins modulate host cell processes (oncoproteins in tumor viruses)

• Ability to establish latent or persistent infections affects long-term pathogenesis

• Latent infections allow for viral reactivation (herpes simplex virus)

• Persistent infections lead to chronic disease (hepatitis B virus)

• Viral quasispecies and mutation rates influence pathogenesis

• Rapid adaptation to host defenses (HIV escape mutants)
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• Emergence of more virulent strains (SARS-CoV-2 variants)

Environmental Influences on Pathogenesis

Climate and Population Factors
• Climate and seasonality significantly impact viral pathogenesis

• Influence viral stability (increased stability of respiratory viruses in cold, dry conditions)

• Affect transmission patterns (mosquito-borne viruses in warm, humid climates)

• Alter host susceptibility (seasonal variations in immune function)

• Population density and social behaviors affect viral transmission and disease severity

• High-density areas increase transmission rates (urban outbreaks)

• Social practices influence exposure to high viral loads (mass gatherings)

Sanitation and Environmental Quality
• Sanitation and hygiene practices influence viral spread and co-infection risk

• Poor sanitation facilitates fecal-oral transmission (norovirus outbreaks)

• Inadequate hand hygiene increases respiratory virus spread

• Air quality and pollution levels affect respiratory tract defenses

• Particulate matter exposure increases susceptibility to respiratory infections

• Air pollution exacerbates severity of viral pneumonia

• Environmental toxins or pollutants may compromise host immune function

• Heavy metal exposure suppresses immune responses

• Endocrine disruptors alter immune system development

Healthcare and Ecological Factors
• Availability and quality of healthcare resources impact viral infection outcomes

• Early detection influences disease progression (rapid testing for influenza)

• Access to antiviral treatments affects viral clearance and complications

• Zoonotic reservoirs and vector populations influence emergence and spread of viral pathogens

• Bat populations serve as reservoirs for numerous viruses (coronaviruses, Ebola)

• Mosquito vector distribution affects arbovirus transmission (Zika, dengue)

Host, Viral, and Environmental Interactions

Disease Triangle and Molecular Interactions
• "Disease triangle" concept illustrates collective determination of infection outcomes
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• Interaction between host susceptibility, viral virulence, and environmental conditions

• Balanced consideration of all factors necessary for understanding pathogenesis

• Host-pathogen interactions at molecular level modulated by environmental factors

• Temperature affects viral protein folding and receptor binding (cold-adapted viruses)

• pH influences viral entry and uncoating (acid-dependent fusion of influenza virus)

Stress Responses and Viral Evolution
• Environmental stressors alter host immune responses and viral replication rates

• Psychological stress suppresses immune function, enhancing viral replication

• UV radiation exposure affects both host DNA repair and viral mutation rates

• Viral evolution in response to host and environmental pressures results in new strains

• Antigenic drift in response to population immunity (seasonal influenza evolution)

• Zoonotic spillover events lead to host adaptation (SARS-CoV-2 emergence)

Complex Interactions and Disease Progression
• Co-infections with multiple pathogens exacerbate disease severity

• Viral-bacterial synergy in respiratory infections (influenza and Streptococcus pneumoniae)

• HIV co-infection increases susceptibility to opportunistic pathogens

• Timing and route of viral exposure interact with host immune status

• Mucosal versus parenteral exposure affects immune response development

• Viral dose at initial exposure influences disease course (cytokine storm in severe infections)

• Nutritional factors modulate viral replication and host immune responses

• Micronutrient deficiencies impair antiviral immunity (vitamin A deficiency and measles)

• Obesity alters immune function and viral clearance (increased severity in influenza infections)

12.2 Mechanisms of virus-induced cellular damage
Viruses wreak havoc on our cells in sneaky ways. They can directly bust open cells, hijack cellular
machinery, or trigger our immune system to go haywire. Understanding these tricks helps us grasp how
viruses cause diseases and why some infections are worse than others.

Viral damage isn't always straightforward. Some viruses cause visible changes in cells, while others fly
under the radar. The balance between cell death types (apoptosis vs. necrosis) and how different organs
respond to infection shapes the course of viral diseases.

Viral Mechanisms of Cellular Damage

Direct Cytopathic Effects
• Viruses cause lysis of host cells through membrane disruption and osmotic imbalance
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• Viral hijacking of cellular machinery redirects resources to viral replication (ribosomes, nucleotides)

• Disruption of cellular metabolism alters energy production and biosynthetic pathways

• Viral interference with cell cycle regulation leads to uncontrolled growth or division inhibition

• Uncontrolled growth contributes to tumor formation (human papillomavirus)

• Division inhibition results in tissue degeneration (measles virus in neurons)

Indirect and Immune-Mediated Damage
• Immune-mediated mechanisms trigger excessive inflammatory responses

• Cytokine storms cause widespread tissue damage (influenza, SARS-CoV-2)

• Persistent infections induce chronic cellular stress altering long-term function

• Manipulation of host gene expression leads to aberrant protein production

• Viral genome integration causes insertional mutagenesis (HIV, HPV)

• Can activate oncogenes or disrupt tumor suppressor genes

Programmed Cell Death and Necrosis
• Viruses induce apoptosis (programmed cell death) through various pathways

• Activation of death receptors (Fas ligand)

• Mitochondrial damage leading to cytochrome c release

• Necrosis results in cellular swelling, membrane rupture, and content release

• Balance between apoptosis and necrosis influences disease severity

• Some viruses inhibit apoptosis to prolong host cell survival (herpesviruses)

• Others induce apoptosis to facilitate viral spread (influenza virus)

Cytopathic Effects in Viral Damage

Observable Morphological Changes
• Cell rounding alters normal cell shape and adherence properties

• Syncytia formation fuses infected cells creating multinucleated giant cells (measles virus)

• Inclusion bodies appear within infected cells (rabies virus Negri bodies)

• Changes in cell membrane permeability lead to osmotic imbalances

• Extent and type of CPE varies by virus species and host cell type

• Rapid lysis in picornavirus infections

• Slow, progressive changes in herpesvirus infections

Diagnostic and Research Applications
• CPEs used to identify and characterize viral infections in cell culture
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• Plaque assays utilize CPE to quantify infectious virus particles

• Time to CPE onset helps determine viral replication kinetics

• Some viruses cause minimal observable CPE (hepatitis C virus)

• Makes detection and study more challenging

• Requires alternative methods like immunofluorescence or PCR

Cellular Content Release and Inflammation
• Cell lysis releases damage-associated molecular patterns (DAMPs)

• DAMPs trigger inflammatory responses through pattern recognition receptors

• Released viral particles and antigens stimulate adaptive immune responses

• Cellular enzymes from lysed cells can damage surrounding tissue

• Disruption of tissue architecture impairs organ function

Apoptosis vs Necrosis in Viral Pathogenesis

Apoptosis Mechanisms and Viral Manipulation
• Intrinsic pathway activated by intracellular stress signals

• Mitochondrial outer membrane permeabilization

• Release of cytochrome c and other pro-apoptotic factors

• Extrinsic pathway triggered by death receptor activation (Fas, TNFR)

• Caspase cascades execute cellular demolition

• Viruses encode proteins to modulate apoptotic pathways

• Bcl-2 homologs inhibit mitochondrial pathway (Epstein-Barr virus BHRF1)

• Caspase inhibitors block execution phase (cowpox virus CrmA)

• Some viruses induce apoptosis to facilitate spread

• HIV-induced T cell apoptosis contributes to immunodeficiency

Necrosis and Inflammatory Consequences
• Characterized by cellular swelling, membrane rupture, and content release

• Often triggered by severe cellular stress or damage

• Release of cellular contents promotes inflammation

• Activation of innate immune cells (neutrophils, macrophages)

• Production of pro-inflammatory cytokines (IL-1β, TNF-α)

• Necrosis can lead to more extensive tissue damage than apoptosis

• Some viruses actively induce necrosis (parvovirus B19 in erythroid progenitors)
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Impact on Disease Progression and Immunity
• Balance between apoptosis and necrosis influences disease severity

• Excessive apoptosis can lead to immunosuppression (HIV infection)

• Necrosis-induced inflammation can cause collateral tissue damage

• Timing of cell death affects viral clearance and persistence

• Early apoptosis can limit viral replication

• Delayed cell death allows for increased viral production

• Apoptotic bodies containing viral antigens stimulate adaptive immunity

• Necrosis releases viral particles, promoting spread to neighboring cells

Consequences of Viral Damage on Organs

Organ-Specific Dysfunction
• Respiratory failure in severe viral pneumonia (influenza, SARS-CoV-2)

• Alveolar damage impairs gas exchange

• Inflammatory exudates obstruct airways

• Liver failure in viral hepatitis (hepatitis B and C viruses)

• Hepatocyte death reduces metabolic and synthetic functions

• Impaired toxin clearance leads to encephalopathy

• Cardiomyopathy in viral myocarditis (coxsackievirus B)

• Myocyte damage reduces contractility

• Arrhythmias from disrupted electrical conduction

• Encephalitis in neurotropic viral infections (rabies virus, West Nile virus)

• Neuronal death causes cognitive impairment and seizures

• Inflammation leads to cerebral edema and increased intracranial pressure

Systemic Effects and Multi-Organ Dysfunction
• Multi-organ dysfunction syndrome (MODS) from widespread cellular damage

• Systemic inflammatory response syndrome (SIRS) triggered by viral infection

• Disruption of tissue barriers increases susceptibility to secondary infections

• Chronic viral infections lead to progressive organ damage and fibrosis

• Cirrhosis in chronic hepatitis B and C infections

• Pulmonary fibrosis in some coronavirus infections

• Virus-induced cellular damage triggers regenerative responses
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• Tissue remodeling and scarring alter organ structure and function

• Oncogenic transformation in some cases (HPV in cervical cancer)

Host Factors Influencing Organ Dysfunction
• Age affects susceptibility and severity of viral-induced organ damage

• Immature immune systems in neonates increase vulnerability

• Age-related decline in organ reserve reduces ability to compensate

• Comorbidities exacerbate viral-induced organ dysfunction

• Diabetes increases risk of severe outcomes in respiratory viral infections

• Chronic liver disease worsens prognosis in hepatitis virus infections

• Genetic susceptibility influences individual responses to viral infections

• HLA types affect immune recognition of viral antigens

• Polymorphisms in innate immune genes alter inflammatory responses

12.3 Acute and chronic viral infections
Viral infections come in two flavors: acute and chronic. Acute infections hit hard and fast, clearing up in
days or weeks. Chronic infections stick around for months or years, causing ongoing health issues and
transmission risks.

The difference lies in how our immune system responds. Acute infections trigger a strong defense, while
chronic ones often lead to a weak or messed-up immune response. Understanding these differences is key
to managing viral diseases effectively.

Acute vs Chronic Viral Infections

Characteristics and Immune Response
• Acute viral infections manifest rapidly, last briefly, and typically clear from the host within days to
weeks

• Chronic viral infections persist for extended periods (months to years) with continuous or intermittent
viral replication and shedding

• Immune response in acute infections proves robust and effective, while chronic infections may lead to
inadequate or dysfunctional immune responses

• Acute infections often present sudden, severe symptoms (high fever, body aches)

• Chronic infections may have milder, fluctuating, or even asymptomatic periods (chronic hepatitis B)

Resolution and Long-term Effects
• Resolution of acute infections generally leads to lifelong immunity (chickenpox)

• Chronic infections may result in ongoing health issues and potential transmission risks (HIV/AIDS)

• Acute infections often require short-term supportive care and possible early antiviral therapy
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• Chronic infections necessitate long-term management strategies, including ongoing antiviral therapy
and monitoring for disease progression

Factors for Chronic Infections

Viral and Host Factors
• Viral factors contribute to persistence and chronicity

• Genomic integration (HIV integrating into host DNA)

• Immune evasion mechanisms (antigenic drift in influenza viruses)

• Antigenic drift (mutations in surface proteins of hepatitis C virus)

• Host genetic susceptibility influences chronic infection development

• Variations in immune response genes (HLA types affecting HIV progression)

• Immunocompromised states significantly increase chronic infection risk

• Congenital immunodeficiencies (severe combined immunodeficiency)

• Acquired immunodeficiencies (chemotherapy-induced neutropenia)

Environmental and Anatomical Factors
• Site of viral replication impacts viral persistence

• Immune-privileged areas (JC virus in central nervous system)

• Cells with low turnover rates (hepatitis B in hepatocytes)

• Environmental factors influence chronic infection establishment

• Repeated exposures (healthcare workers exposed to bloodborne pathogens)

• High initial viral loads (needle-stick injuries with high-titer HIV-positive blood)

• Timing of infection affects chronic infection likelihood

• During immune system development (congenital CMV infection)

• During immune senescence (reactivation of varicella-zoster virus in elderly)

Pathogenesis of Acute Infections

Respiratory and Gastrointestinal Infections
• Influenza virus infection involves rapid replication in respiratory epithelial cells

• Leads to cell death and inflammatory responses

• Causes typical flu symptoms (fever, cough, myalgia)

• Norovirus acute gastroenteritis results from viral replication in intestinal epithelial cells

• Causes rapid onset of vomiting and diarrhea through local inflammation

• Induces fluid secretion in the gastrointestinal tract
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Systemic and Hemorrhagic Infections
• Dengue virus infection progresses through viremia, targeting various organs

• Can lead to severe manifestations like hemorrhagic fever or shock syndrome

• Affects platelets and vascular permeability

• Measles virus causes systemic infection

• Initially replicates in respiratory epithelium

• Spreads to lymphoid tissues, resulting in characteristic rash

• Can lead to potential complications (encephalitis, pneumonia)

• Ebola virus infection involves rapid systemic spread

• Targets multiple cell types and organs

• Leads to severe hemorrhagic fever and multi-organ failure

• Causes coagulation abnormalities and vascular damage

Persistence of Chronic Infections

Viral Strategies for Persistence
• Viral latency allows viruses to remain dormant in specific cell types

• Evades immune detection and periodically reactivates (herpes simplex virus in neurons)

• Enables long-term persistence in the host

• Antigenic drift and shift enable continuous evasion of adaptive immune responses

• Particularly common in RNA viruses (hepatitis C virus mutations)

• Allows escape from neutralizing antibodies

• Immunosuppressive viral proteins directly interfere with host immune function

• Facilitates ongoing viral replication (HIV Nef protein downregulating CD4 receptors)

• Impairs immune surveillance and clearance

Host-related Persistence Mechanisms
• Infection of immune-privileged sites protects viruses from systemic immune responses

• Central nervous system infections (JC virus causing progressive multifocal leukoencephalopathy)

• Allows viral replication without triggering robust immune reactions

• Exhaustion of virus-specific T cells leads to impaired immune control

• Observed in chronic hepatitis B infection

• Results in decreased cytokine production and effector functions

• Integration of viral genomes into host DNA ensures viral persistence
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• Complicates complete viral clearance (HIV provirus in CD4+ T cells)

• Allows for long-term viral survival and potential reactivation

Clinical Implications of Viral Infections

Management and Transmission
• Acute infections often require supportive care and early antiviral therapy

• Reduces symptom severity and duration (oseltamivir for influenza)

• Focuses on managing symptoms and preventing complications

• Chronic infections need long-term management strategies

• Ongoing antiviral therapy (antiretroviral therapy for HIV)

• Regular monitoring for disease progression and complications

• Transmission risk differs between acute and chronic infections

• Acute infections often have short, intense periods of infectivity (measles)

• Chronic carriers serve as long-term reservoirs for viral spread (hepatitis B carriers)

Socioeconomic and Psychological Impact
• Acute infections may lead to temporary disability and economic burden

• Lost workdays and productivity (seasonal influenza outbreaks)

• Strain on healthcare systems during epidemics

• Chronic infections result in lifelong health issues and significant healthcare costs

• Long-term treatment and management (chronic hepatitis C therapy)

• Increased risk of secondary conditions and complications

• Psychological impact of chronic viral infections requires comprehensive care

• Stigma associated with certain infections (HIV/AIDS)

• Mental health issues (depression in chronic hepatitis patients)

• Need for support groups and counseling services

12.4 Virus-host interactions in different organ systems
Viruses interact with host systems in complex ways, causing diverse effects across organs. From
respiratory infections triggering inflammation to enteric viruses disrupting gut function, these interactions
shape disease outcomes. Understanding how viruses target specific tissues and evade immune responses
is crucial for grasping viral pathogenesis.

Viral infections impact multiple organ systems, often leading to systemic effects. The interplay between
viral replication, host immune responses, and organ-specific factors determines disease severity and
progression. Exploring these interactions helps explain the varied manifestations of viral diseases and
informs treatment strategies.
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Virus-Host Interactions in the Respiratory System

Respiratory Epithelium and Viral Tropism
• Respiratory epithelium serves as primary site of entry and replication for respiratory viruses

• Specialized cell types play crucial roles in viral tropism

• Ciliated cells

• Goblet cells

• Respiratory viruses employ various mechanisms to evade or modulate innate immune response

• Interference with interferon signaling pathways

• Manipulation of pattern recognition receptors

• Viral infections lead to inflammation and increased mucus production

• Compromises airway function

• Impairs gas exchange

Systemic Effects and Immune Response
• Some respiratory viruses cause systemic effects beyond respiratory tract

• Influenza and SARS-CoV-2 can trigger cytokine storms

• Viral dissemination to other organs (heart, kidneys)

• Adaptive immune response involves humoral and cell-mediated components

• Tissue-resident memory T cells play critical role in long-term protection

• B cells produce virus-specific antibodies

• Respiratory viruses alter lung microbiome

• Leads to secondary bacterial infections (Streptococcus pneumoniae)

• Exacerbates disease severity

Viral Pathogenesis in the Gastrointestinal Tract

Enteric Virus Infection and Intestinal Barrier Disruption
• Enteric viruses target and replicate in epithelial cells of small intestine

• Utilize specific receptors for attachment and entry (rotavirus uses integrins)

• Viral infections disrupt integrity of intestinal barrier

• Increases permeability

• Enables potential systemic spread of pathogens

• Enteric viruses interfere with normal fluid absorption and secretion mechanisms

• Results in diarrhea and dehydration



Fiveable archived study guides Page 169

• Alters electrolyte balance

Immune Response and Microbiome Modulation
• Gut-associated lymphoid tissue (GALT) mounts immune responses against gastrointestinal viral
infections

• Involves innate immune components (dendritic cells, macrophages)

• Activates adaptive immune responses (T cells, B cells)

• Enteric viruses modulate gut microbiome

• Leads to dysbiosis

• Alters host metabolism

• Chronic viral infections contribute to gastrointestinal disorders

• Inflammatory bowel diseases

• Gastrointestinal cancers (hepatitis C virus and liver cancer)

Viral Infections and the Nervous System

Neurotropic Virus Entry and Acute Infections
• Neurotropic viruses enter central nervous system through various routes

• Hematogenous spread

• Retrograde axonal transport

• Olfactory nerve pathways

• Viral infections cause acute neurological conditions

• Encephalitis (herpes simplex virus)

• Meningitis (enterovirus)

• Myelitis (West Nile virus)

• Neuroinflammation induced by viral infections disrupts nervous system function

• Alters blood-brain barrier permeability

• Modifies neurotransmitter signaling

• Contributes to neurodegeneration

Latent Infections and Neurodevelopmental Impact
• Some viruses establish latent infections in neurons

• Rabies virus in peripheral nerves

• Herpes simplex virus in sensory ganglia

• Potential for reactivation and recurrent disease
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• Certain viruses interfere with neurodevelopmental processes

• Leads to congenital defects (Zika virus and microcephaly)

• Associated with neurodevelopmental disorders

• Unique immune environment of central nervous system influences viral infections

• Presence of resident immune cells (microglia, astrocytes)

• Limited adaptive immune cell access due to blood-brain barrier

Viral Infections and the Immune System

Direct Impact on Immune Cells and Function
• Viruses directly infect and compromise immune cells

• HIV targets CD4+ T lymphocytes

• Epstein-Barr virus infects B cells

• Some viral infections induce immune exhaustion

• Characterized by functional impairment of T cells

• Results in chronic infections (hepatitis B virus)

• Viruses manipulate cytokine and chemokine networks

• Leads to dysregulated immune responses

• Causes cytokine storms (influenza, SARS-CoV-2)

• Triggers autoimmune-like phenomena

Immune Evasion and Microbiome Alterations
• Viruses evolve mechanisms to evade or suppress immune response

• Interfere with interferon signaling (hepatitis C virus)

• Inhibit antigen presentation (human cytomegalovirus)

• Suppress natural killer cell activity (human papillomavirus)

• Viral infections alter microbiome composition and function

• Indirectly influences immune homeostasis

• Affects development of adaptive immune responses

• Some viruses induce formation of tertiary lymphoid structures

• Occurs in infected tissues

• Contributes to ongoing inflammation

• Leads to tissue damage (hepatitis C virus in liver)
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Virus-Host Interactions in Systemic Diseases

Viral Dissemination and Organ Tropism
• Systemic viral diseases involve initial replication at primary site

• Followed by dissemination through bloodstream or lymphatics

• Affects multiple organ systems (dengue virus)

• Virus tropism for specific cell types determines systemic involvement

• Influences pattern and severity of disease

• Examples: Zika virus (neural progenitor cells), Epstein-Barr virus (B cells)

• Virus-induced cytokine dysregulation leads to systemic complications

• Systemic inflammatory response syndrome (SIRS)

• Multi-organ dysfunction in severe cases (influenza, COVID-19)

Host Factors and Persistent Infections
• Interplay between viral replication and host immune responses affects clinical manifestations

• Varies across different organ systems

• Determines disease progression and outcome

• Some viruses establish persistent infections in specific tissues

• Serve as reservoirs for ongoing viral replication

• Act as triggers for recurrent systemic symptoms (herpes viruses)

• Host genetic factors influence susceptibility and severity of systemic viral diseases

• HLA types affect immune response to viruses

• Polymorphisms in innate immune genes modulate antiviral defense

• Pre-existing conditions impact virus-host interactions

• Diabetes alters susceptibility to certain viral infections

• Cardiovascular diseases increase risk of severe outcomes in viral infections
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Unit 13 – Epidemiology and Transmission
of Viral Diseases
13.1 Patterns of viral disease transmission
Viruses spread through various routes, from person-to-person contact to airborne transmission.
Understanding these patterns is crucial for controlling outbreaks. Horizontal spread between individuals
and vertical transmission from parent to child shape how diseases move through populations.

Transmission modes like direct contact, airborne spread, and vector-borne routes determine how quickly
viruses can spread. Factors such as environmental conditions, host characteristics, and viral traits
influence transmission efficiency. This knowledge helps develop targeted prevention strategies to slow viral
spread.

Horizontal vs Vertical Transmission

Transmission Pathways
• Horizontal transmission spreads viruses between individuals of the same generation through various
modes of contact or exposure (respiratory droplets, sexual contact)

• Vertical transmission passes viruses from parent to offspring during pregnancy, childbirth, or
breastfeeding (congenital infections)

• Horizontal transmission causes more widespread outbreaks, while vertical transmission links to
specific viruses

• Transmission route influences epidemiology, prevention strategies, and control measures for viral
diseases

• Some viruses transmit both horizontally and vertically (HIV, hepatitis B) requiring comprehensive
prevention

Implications and Examples
• Horizontal transmission examples include influenza spreading through coughing and SARS-CoV-2
transmitting via respiratory droplets

• Vertical transmission can result in congenital infections like cytomegalovirus or rubella syndrome

• Prevention strategies differ based on transmission type:

• Horizontal: Social distancing, masks, hand hygiene

• Vertical: Maternal screening, antiretroviral therapy during pregnancy

• Epidemiological patterns vary:

• Horizontal: Rapid spread in communities, seasonal patterns

• Vertical: Clusters within families, potential long-term health effects in offspring
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Viral Transmission Modes

Direct Contact and Airborne Spread
• Direct contact transmission occurs through physical contact with infected individuals or contaminated
surfaces (handshakes, touching doorknobs)

• Airborne transmission spreads viruses via respiratory droplets or aerosols:

• Large droplets travel short distances (1-2 meters)

• Small aerosols remain suspended and travel farther

• Fomite-mediated spread involves contact with contaminated objects (shared utensils, gym equipment)

• Airborne viruses like measles can spread over long distances and persist in the air

Vector-borne and Other Transmission Routes
• Vector-borne transmission relies on intermediate organisms to transmit viruses (mosquitoes spreading
Zika virus)

• Foodborne and waterborne transmission occurs through ingestion of contaminated substances
(hepatitis A in shellfish)

• Bloodborne transmission spreads through contact with infected blood or bodily fluids (HIV, hepatitis C)

• Sexual transmission exchanges bodily fluids during sexual activity (herpes simplex virus, human
papillomavirus)

• Zoonotic transmission moves viruses from animals to humans (influenza viruses from birds or pigs)

Factors Influencing Transmission
• Environmental conditions affect transmission modes:

• Humidity impacts respiratory droplet survival

• Temperature influences vector activity

• Host factors play a role in transmission:

• Immune status determines susceptibility

• Behavioral patterns influence exposure risk

• Viral characteristics impact transmission efficiency:

• Stability outside the host

• Infectious dose required for transmission

• Understanding these factors helps develop targeted prevention strategies

Herd Immunity and Viral Spread

Concept and Threshold
• Herd immunity protects a population when a significant portion becomes immune to a pathogen
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• Herd immunity threshold varies based on the virus's reproductive number (R0) and vaccine
effectiveness

• Calculate the herd immunity threshold using the formula: 

• Examples of herd immunity thresholds:

• Measles (R0 = 12-18): 92-95% immunity required

• Influenza (R0 = 1.3-1.8): 23-44% immunity required

Achieving and Maintaining Herd Immunity
• Attain herd immunity through widespread vaccination or natural infection

• Vaccination provides a safer and more controlled approach to achieving herd immunity

• Factors impacting herd immunity stability:

• Virus mutation leading to immune escape

• Waning immunity over time

• Population dynamics (birth rates, migration)

• Herd immunity plays a crucial role in disease eradication efforts (global eradication of smallpox)

Public Health Implications
• Herd immunity protects vulnerable individuals unable to receive vaccines (immunocompromised
patients, infants)

• Develop public health strategies based on herd immunity concepts:

• Targeted vaccination campaigns

• Ring vaccination during outbreaks

• Monitor population immunity levels to maintain protection against resurgence

• Consider ethical implications of pursuing natural herd immunity vs. vaccination programs

Host Density and Viral Spread

Population Density Effects
• Higher population density facilitates rapid viral transmission due to increased contact frequency

• Urban areas often experience faster and more extensive outbreaks compared to rural regions

• Relationship between density and spread not always linear due to other factors:

• Social behavior patterns

• Hygiene practices

• Healthcare infrastructure

• Population density influences the basic reproduction number (R0) of a virus
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Hotspots and Challenges
• Crowded living conditions create transmission hotspots:

• Refugee camps

• Densely populated urban slums

• College dormitories

• Challenges in high-density areas:

• Implementing effective social distancing

• Maintaining adequate sanitation

• Conducting contact tracing

• Develop targeted intervention strategies for high-density settings:

• Enhanced surveillance

• Rapid testing and isolation protocols

• Temporary housing solutions

Modeling and Management
• Incorporate population density in mathematical models to predict viral spread:

• Compartmental models (SIR, SEIR)

• Agent-based models simulating individual interactions

• Use density-aware models to:

• Allocate resources during outbreaks

• Design effective containment strategies

• Evaluate the impact of interventions

• Consider population mobility patterns alongside density for comprehensive spread analysis

• Implement adaptive management strategies based on real-time density and transmission data

13.2 Factors affecting viral spread in populations
Viral spread in populations is influenced by a complex interplay of factors. Environmental conditions, host
susceptibility, and social dynamics all play crucial roles in determining how quickly and extensively a virus
can spread through a community.

Understanding these factors is key to predicting and controlling viral outbreaks. From temperature effects
on virus survival to the impact of travel patterns, each element contributes to the overall picture of viral
transmission and epidemiology.
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Environmental factors in viral transmission

Temperature, humidity, and radiation effects
• Temperature and humidity influence viral stability and transmission

• Different viruses have optimal conditions for survival outside the host

• Example: Influenza viruses survive longer in cold, dry conditions

• Ultraviolet radiation from sunlight inactivates many viruses

• Affects viral persistence in the environment and transmission potential

• Example: UV light disinfection used in water treatment plants

• Air quality impacts viral transmission

• Particulate matter concentration affects dispersion and survival of respiratory droplets containing
viruses

• Example: Higher air pollution levels associated with increased COVID-19 transmission

Surface contamination and seasonal variations
• Fomites serve as vehicles for viral transmission

• Duration of viral viability varies based on surface type and environmental conditions

• Example: SARS-CoV-2 survives longer on plastic and stainless steel compared to copper

• Seasonal variations in climate influence viral transmission rates

• Lead to cyclical patterns of disease outbreaks for some viruses

• Example: Respiratory syncytial virus (RSV) peaks in winter months in temperate climates

Water quality and ecosystem changes
• Water quality and sanitation practices affect enteric virus transmission

• Spread through contaminated water sources

• Example: Hepatitis A outbreaks linked to poor sanitation in developing countries

• Ecosystem changes alter viral reservoirs and vector populations

• Deforestation or urbanization potentially increase human-animal contact and zoonotic viral
transmission

• Example: Nipah virus emergence linked to deforestation and fruit bat habitat loss in Southeast Asia

Host susceptibility and immunity

Genetic factors and pre-existing immunity
• Genetic factors in host populations influence susceptibility to viral infections

• Certain genetic variants confer increased resistance or vulnerability to specific viruses
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• Example: CCR5-Δ32 mutation provides resistance to HIV infection

• Pre-existing immunity reduces viral spread

• Prior infections or vaccinations limit the pool of susceptible individuals

• Example: Measles outbreaks less likely in populations with high vaccination rates

• Cross-reactive immunity from related viruses provides partial protection

• Exposure to similar viruses can influence disease spread patterns

• Example: Prior infection with seasonal coronaviruses may offer some protection against SARS-CoV-2

Herd immunity and immunocompromised individuals
• Herd immunity indirectly protects susceptible individuals

• Achieved through natural infection or vaccination

• Reduces overall viral transmission in a community

• Example: Polio eradication efforts rely on achieving high levels of herd immunity

• Immunocompromised individuals serve as reservoirs for viral replication and mutation

• Facilitate the emergence of new viral variants

• Example: Prolonged SARS-CoV-2 infection in immunocompromised patients leading to multiple
mutations

Age-related and health factors
• Age-related differences in immune function affect susceptibility

• Influences severity of disease outcomes across demographic groups

• Example: Elderly populations at higher risk for severe influenza complications

• Nutritional status and overall health impact immune function

• Affects susceptibility to viral infections

• Example: Vitamin D deficiency associated with increased risk of respiratory viral infections

Social factors in viral spread

Population dynamics and travel patterns
• Population density and urbanization accelerate viral spread

• Increase frequency of person-to-person contacts and transmission events

• Example: Rapid COVID-19 transmission in densely populated urban areas

• Travel patterns facilitate global virus dissemination

• International air travel enables rapid spread across geographic boundaries

• Example: SARS outbreak in 2003 spread to multiple countries via air travel
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Cultural practices and public health measures
• Cultural practices influence viral transmission risk

• Greeting customs or communal dining affect transmission within communities

• Example: Traditional funeral practices contributed to Ebola spread in West Africa

• Adherence to public health measures impacts viral spread rates

• Mask-wearing, hand hygiene, and social distancing significantly affect transmission during outbreaks

• Example: Countries with high mask compliance experienced lower COVID-19 transmission rates

Socioeconomic factors and risk perception
• Socioeconomic factors affect ability to prevent or manage viral infections

• Access to healthcare and living conditions influence community transmission

• Example: Overcrowded housing associated with higher COVID-19 transmission in low-income areas

• Risk perception and health literacy influence behaviors

• Affect actions that either mitigate or exacerbate viral spread

• Example: Vaccine hesitancy due to misinformation leading to measles outbreaks

Mass gatherings and superspreading events
• Mass gatherings amplify viral transmission

• Sporting events or religious ceremonies can serve as superspreading events

• Example: 2015 MERS outbreak in South Korea linked to a single superspreading event in a hospital

Viral evolution and mutation

Genetic changes and viral adaptation
• Genetic drift and shift lead to new variants

• Alter transmissibility, virulence, or immune evasion capabilities

• Example: Antigenic shift in influenza viruses causing pandemics (1918 Spanish flu)

• Error-prone viral replication facilitates rapid mutation

• Especially in RNA viruses, enables adaptation to new host environments

• Example: HIV rapid mutation rate leading to drug resistance

Recombination and zoonotic events
• Recombination between viral strains produces novel variants

• Results in unpredictable transmission characteristics or host ranges

• Example: SARS-CoV-2 likely resulted from recombination events in bat coronaviruses



Fiveable archived study guides Page 179

• Zoonotic spillover introduces new viral pathogens to human populations

• Potential for efficient human-to-human transmission

• Example: Ebola virus outbreaks originating from contact with infected animals

Immune evasion and selective pressure
• Antigenic drift leads to escape from pre-existing immunity

• Causes recurrent epidemics or necessitates regular vaccine updates

• Example: Annual influenza vaccine reformulation due to antigenic drift

• Selection pressure drives evolution of drug-resistant variants

• Antiviral treatments or vaccines can alter transmission dynamics

• Example: Oseltamivir-resistant influenza strains emerging during treatment

• Fitness landscape influences persistence of specific mutations

• Some mutations confer advantages in transmissibility or replication efficiency

• Example: SARS-CoV-2 D614G mutation associated with increased transmissibility

13.3 Surveillance and outbreak investigation
Viral disease surveillance is crucial for detecting and responding to outbreaks. It involves systematic data
collection, analysis, and interpretation using various techniques like passive, active, and syndromic
surveillance. These methods help identify unusual patterns and provide early warnings of potential
epidemics.

Outbreak investigation is a critical component of controlling viral spread. It includes initial response steps
like case definition, contact tracing, and epidemiological investigation. Advanced analysis techniques such
as phylogenetic and network analysis help track transmission patterns and inform targeted interventions.

Viral Disease Surveillance

Systematic Data Collection and Analysis
• Viral disease surveillance systematically collects, analyzes, and interprets health-related data to
detect, track, and respond to viral outbreaks and epidemics

• Passive surveillance relies on routine case reporting by healthcare providers and laboratories

• Active surveillance involves proactive case-finding and data collection by public health officials

• Sentinel surveillance focuses on selected healthcare facilities or populations to provide early warning
of viral disease trends and outbreaks (emergency departments, primary care clinics)

• Syndromic surveillance monitors health-related data to detect unusual patterns indicating a viral
outbreak

• Tracks emergency room visits, over-the-counter medication sales, school absenteeism

• Helps identify outbreaks before laboratory confirmation



Fiveable archived study guides Page 180

Advanced Surveillance Techniques
• Molecular surveillance utilizes genetic sequencing and phylogenetic analysis to track viral strains,
mutations, and transmission patterns

• Enables identification of emerging variants (SARS-CoV-2 Delta, Omicron)

• Helps trace outbreak origins and spread patterns

• Zoonotic surveillance monitors animal populations and their interactions with humans to identify
potential viral spillover events

• Includes wildlife sampling, livestock monitoring, and vector surveillance (mosquitoes, ticks)

• Critical for early detection of zoonotic diseases (avian influenza, West Nile virus)

• Integrated surveillance systems combine data from multiple sources to provide a comprehensive view
of viral disease dynamics

• Incorporates human, animal, and environmental health sectors

• Utilizes the One Health approach to address complex health challenges

Investigating Viral Outbreaks

Initial Outbreak Response
• Outbreak detection recognizes unusual increases in cases or identifies novel viral pathogens through
surveillance systems or clinical reports

• Case definition establishment creates standardized criteria for identifying and classifying
outbreak-related cases

• Includes confirmed cases (laboratory-verified), probable cases (clinical symptoms + epidemiological
link), and suspected cases (clinical symptoms only)

• Case finding and contact tracing identify all individuals potentially exposed to the virus and track
transmission chains

• Utilizes interviews, medical records review, and digital contact tracing tools

• Epidemiological investigation collects and analyzes data on cases, including demographic information,
clinical characteristics, and potential risk factors

• Gathers data on age, gender, occupation, travel history, and exposure events

Laboratory and Environmental Assessment
• Laboratory confirmation and characterization of the viral pathogen ensure accurate diagnosis and
understanding of the outbreak's etiology

• Employs techniques such as PCR, viral culture, and serological testing

• Conducts genomic sequencing to identify strain variations and mutations

• Environmental assessment examines potential sources of viral transmission

• Investigates contaminated food, water sources, or animal reservoirs
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• Collects environmental samples (air, surfaces) in outbreak settings (healthcare facilities, schools)

• Implementation of control measures contains the spread of the virus

• Includes isolation of infected individuals, quarantine of exposed contacts, and vaccination campaigns

• Implements public health interventions (mask mandates, social distancing, hand hygiene promotion)

• Ongoing monitoring and evaluation of the outbreak response assesses intervention effectiveness and
adjusts strategies as needed

• Conducts regular data analysis to track outbreak progression

• Performs after-action reviews to identify strengths and weaknesses in the response

Outbreak Data Analysis

Descriptive Epidemiology
• Descriptive epidemiology uses time, place, and person analysis to characterize the outbreak's
distribution and identify patterns or clusters of cases

• Time analysis examines case onset dates, incubation periods, and seasonal trends

• Place analysis investigates geographical distribution of cases (neighborhoods, workplaces)

• Person analysis explores demographic factors (age groups, occupations) associated with infection
risk

• Epidemic curves (epi curves) graphically represent case onset over time, visualizing outbreak
progression and estimating source and duration

• Helps distinguish between point source, continuous source, and propagated outbreaks

• Aids in determining the outbreak's stage (early, peak, or declining phase)

• Spatial analysis and mapping techniques identify geographical patterns and potential environmental
risk factors associated with the outbreak

• Utilizes Geographic Information Systems (GIS) to create disease maps

• Helps identify disease clusters and environmental exposures (water sources, vector habitats)

Advanced Analytical Methods
• Case-control and cohort studies compare exposed and unexposed individuals to identify risk factors
and potential infection sources

• Case-control studies compare past exposures of cases and controls

• Cohort studies follow exposed and unexposed groups over time to measure disease incidence

• Statistical analysis quantifies relationships between exposures and outcomes

• Calculates measures of association such as relative risk and odds ratios

• Employs multivariate analysis to control for confounding factors

• Phylogenetic analysis of viral genetic sequences reveals transmission chains and helps identify
outbreak strain origin and evolution
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• Constructs phylogenetic trees to visualize viral relatedness and mutations

• Aids in tracking viral spread across geographic regions and populations

• Network analysis examines social connections and contact patterns to understand viral spread
dynamics within a population

• Maps transmission networks to identify superspreading events

• Informs targeted intervention strategies for high-risk groups or settings

Data Sharing for Outbreak Management

Rapid Reporting and Communication
• Rapid reporting of suspected cases and laboratory results enables early detection and swift control
measure implementation to contain viral spread

• Utilizes electronic reporting systems for real-time data submission

• Implements syndromic surveillance for early warning of potential outbreaks

• Real-time data sharing among local, national, and international health authorities facilitates
coordinated responses and resource allocation during outbreaks

• Employs platforms like WHO's Global Outbreak Alert and Response Network (GOARN)

• Enables rapid mobilization of expertise and resources to affected areas

• Transparent communication of outbreak data to the public builds trust, promotes adherence to
preventive measures, and combats misinformation

• Utilizes multiple channels (press conferences, social media, public health websites)

• Provides regular updates on case numbers, risk factors, and prevention strategies

Global Collaboration and Preparedness
• Timely sharing of viral genetic sequences enables global collaboration on vaccine development,
diagnostic improvements, and tracking of viral mutations

• Utilizes databases like GISAID for rapid sharing of influenza and coronavirus sequences

• Accelerates development of diagnostic tests, vaccines, and antiviral treatments

• Standardized reporting protocols and data formats enhance comparability and integration of
information from different sources and jurisdictions

• Implements common case definitions and data elements across reporting systems

• Facilitates data aggregation and analysis at regional and global levels

• Early warning systems based on timely data reporting alert neighboring regions or countries to
potential threats, enabling preemptive action

• Utilizes platforms like ProMED for rapid dissemination of outbreak information

• Enables implementation of travel advisories and border screening measures
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• Post-outbreak analysis of shared data contributes to improvement of surveillance systems, outbreak
response protocols, and global health security preparedness

• Conducts after-action reviews to identify lessons learned and best practices

• Informs updates to national and international pandemic preparedness plans

13.4 Control measures and public health strategies
Controlling viral outbreaks involves a mix of strategies like vaccines, quarantine, and public education.
These measures aim to prevent spread, protect vulnerable groups, and manage active cases. They're
crucial for containing diseases and minimizing their impact on communities.

Public health officials use these tools to respond to outbreaks quickly and effectively. From personal
actions like handwashing to large-scale efforts like vaccination campaigns, these strategies work together
to combat viral threats and keep populations healthy.

Control Measures for Viral Outbreaks

Prevention and Containment Strategies
• Control measures for viral outbreaks encompass vaccination, quarantine, isolation, contact tracing,
and environmental disinfection

• Personal protective equipment (PPE) prevents virus transmission in healthcare settings through
masks, gloves, and gowns

• Vector control strategies manage viruses transmitted by insects or animals using insecticide and
habitat modification (mosquito control for Zika virus)

• Antiviral medications reduce viral transmission and disease severity as prophylaxis and treatment
(oseltamivir for influenza)

• Surveillance systems enable early detection and rapid response to viral outbreaks through
epidemiological tracking and laboratory testing

• Social distancing measures reduce virus spread during outbreaks by closing public spaces and
limiting gatherings

• International travel restrictions and border controls prevent global spread of viral diseases (travel bans
during COVID-19 pandemic)

Environmental and Behavioral Interventions
• Environmental disinfection targets virus survival on surfaces using appropriate cleaning agents
(alcohol-based sanitizers)

• Proper hand hygiene reduces virus transmission through regular handwashing with soap and water or
alcohol-based sanitizers

• Respiratory etiquette minimizes droplet spread by covering coughs and sneezes (using tissues or
elbow)

• Ventilation improvements decrease airborne virus concentration in indoor spaces (HEPA filtration
systems)
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• Crowd management strategies limit virus spread in public areas through capacity restrictions and flow
control measures

• Food safety practices prevent foodborne viral transmission by ensuring proper handling and
preparation (hepatitis A prevention)

• Water treatment systems safeguard against waterborne viral diseases through filtration and
disinfection (rotavirus control)

Vaccination for Viral Disease Prevention

Vaccine Mechanisms and Types
• Vaccines stimulate the immune system to produce antibodies against specific viral antigens for future
protection

• Herd immunity through widespread vaccination indirectly protects unvaccinated individuals by
reducing overall virus transmission

• Live attenuated vaccines use weakened viruses to provoke strong immune responses
(measles-mumps-rubella vaccine)

• Inactivated vaccines contain killed viruses, offering safe but potentially less robust protection
(inactivated polio vaccine)

• Subunit vaccines use specific viral components to induce immunity with minimal side effects (hepatitis
B vaccine)

• Nucleic acid-based vaccines deliver genetic instructions for antigen production (mRNA COVID-19
vaccines)

• Viral vector vaccines use modified viruses to deliver target antigen genes (Johnson & Johnson
COVID-19 vaccine)

Vaccination Strategies and Challenges
• Vaccination schedules optimize immune response through specific timing of initial doses and boosters

• Vaccine efficacy varies based on virus mutation, individual immune response, and proper storage and
administration

• Development and distribution of vaccines involve clinical trials, regulatory approval, and global
coordination efforts

• Prioritization strategies target high-risk groups and essential workers to maximize public health impact
(healthcare workers during pandemics)

• Cold chain management ensures vaccine potency through temperature-controlled storage and
transportation

• Vaccine hesitancy challenges addressed through education, community engagement, and policy
measures

• Rapid vaccine development platforms enable quicker responses to emerging viral threats
(plug-and-play vaccine technologies)
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Effectiveness of Quarantine and Isolation

Implementation and Monitoring
• Quarantine restricts movement of potentially exposed individuals while isolation separates infected
individuals from the general population

• Effectiveness depends on timing of implementation, adherence to protocols, and virus characteristics
(incubation period, transmission mode)

• Mathematical modeling predicts quarantine and isolation impact on outbreak trajectories to inform
policy decisions

• Home quarantine allows individuals to self-isolate in familiar environments with remote monitoring

• Institutional quarantine provides controlled settings for high-risk individuals or those unable to
self-isolate

• Travel-related quarantine prevents importation of cases from affected regions (mandatory hotel
quarantine for international arrivals)

• Technology-assisted monitoring enhances implementation through digital contact tracing and GPS
tracking

Evaluation and Challenges
• Psychological impacts of quarantine and isolation include stress, anxiety, and depression requiring
support services

• Economic consequences balance public health benefits against disruptions to work and daily life

• Effectiveness evaluation considers reduction in transmission rates, healthcare system capacity, and
overall case numbers

• Cultural and social factors influence adherence to quarantine and isolation measures across different
communities

• Legal and ethical considerations arise regarding enforcement and individual rights during mandatory
quarantine

• Resource allocation challenges emerge in providing adequate facilities, supplies, and personnel for
large-scale quarantine efforts

• Integration with other control measures like testing and contact tracing enhances overall effectiveness
of quarantine and isolation strategies

Public Health Education for Viral Disease Management

Risk Communication Strategies
• Effective risk communication conveys accurate, timely, and actionable information about viral threats
and preventive measures

• Cultural competence ensures messages resonate with diverse communities and overcome potential
barriers
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• Social media and digital platforms disseminate public health information and counter misinformation
during outbreaks

• Crisis communication principles maintain public trust through transparency and consistency in
messaging

• Behavioral change theories inform development of strategies to motivate adoption of protective
behaviors

• Visual aids and infographics enhance understanding of complex health information (virus transmission
diagrams)

• Multilingual communication ensures information accessibility for linguistically diverse populations

Community Engagement and Collaboration
• Public health education campaigns increase awareness and promote preventive behaviors
(handwashing campaigns)

• Collaboration between public health officials, healthcare providers, and community leaders creates
effective health education messages

• Community-based participatory approaches involve local stakeholders in developing culturally
appropriate interventions

• Peer education programs leverage social networks for information dissemination (youth-led HIV
prevention initiatives)

• Media partnerships amplify reach of public health messages through various channels (TV, radio,
print)

• School-based health education programs instill knowledge and habits from an early age (hygiene
education in primary schools)

• Workplace health promotion initiatives target adult populations with tailored interventions (flu
vaccination clinics at offices)
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Unit 14 – Emerging and Re–emerging
Viral Diseases
14.1 Factors contributing to viral emergence and re-emergence
Viruses are constantly evolving and adapting, driven by various factors. Climate change, urbanization, and
human activities create perfect conditions for viral emergence. These changes disrupt ecosystems,
bringing humans closer to potential viral reservoirs and facilitating zoonotic transmission.

Global travel, intensive farming, and cultural practices further amplify viral spread. Meanwhile, genetic
mechanisms like recombination and mutation enable viruses to evolve rapidly. Understanding these factors
is crucial for predicting and preventing future viral outbreaks.

Ecological Drivers of Viral Emergence

Climate Change and Habitat Disruption
• Climate change and global warming alter ecosystems affecting vector distribution and host-pathogen
interactions

• Leads to the emergence of new viral diseases

• Examples include expansion of mosquito-borne viruses (Zika, West Nile) into new regions

• Deforestation and habitat destruction increase human-wildlife contact

• Facilitates zoonotic virus transmission and potential viral spillover events

• Examples include Ebola outbreaks linked to forest encroachment in Africa

• Changes in land use patterns disrupt natural ecosystems

• Brings humans into closer contact with potential viral reservoirs

• Agricultural expansion (palm oil plantations) leads to increased human-bat interactions

Urbanization and Ecosystem Changes
• Urbanization and population growth create densely populated areas

• Provides ideal conditions for rapid viral spread and emergence of novel pathogens

• Examples include the rapid spread of SARS-CoV-2 in urban centers

• Biodiversity loss reduces the dilution effect

• Potentially increases the prevalence of certain viruses in remaining host populations

• Loss of predators can lead to increased rodent populations, amplifying hantavirus transmission

• Water and air pollution weaken host immune systems

• Makes individuals more susceptible to viral infections

• Facilitates viral adaptation to new environments



Fiveable archived study guides Page 188

• Examples include increased respiratory virus susceptibility in areas with high air pollution

Human Impacts on Viral Spread

Global Mobility and Agricultural Practices
• Global travel and trade enable rapid dissemination of viruses across geographical boundaries

• Introduces pathogens to naive populations

• Examples include the global spread of SARS-CoV-2 through air travel

• Intensive animal farming practices create conditions conducive to viral mutation and transmission

• High-density livestock operations increase risk of zoonotic spillover

• Examples include avian influenza outbreaks in poultry farms

• Overuse of antibiotics and antiviral drugs leads to development of resistant strains

• Exacerbates the spread of emerging viruses

• Examples include the emergence of drug-resistant HIV strains

Cultural Practices and Public Health Challenges
• Cultural practices and traditional behaviors increase risk of viral exposure and transmission

• Bushmeat consumption linked to Ebola outbreaks

• Certain burial rituals contributed to Ebola spread in West Africa

• Inadequate healthcare infrastructure and poor sanitation amplify viral transmission

• Hinders effective containment efforts

• Examples include cholera outbreaks in areas lacking clean water and sanitation

• Mass gatherings and large-scale events serve as superspreader occasions

• Facilitates rapid viral transmission across diverse populations

• Examples include COVID-19 spread at religious gatherings and sporting events

• Vaccine hesitancy and misinformation undermine public health efforts

• Allows vaccine-preventable viral diseases to re-emerge or persist

• Examples include measles outbreaks in communities with low vaccination rates

Viral Evolution and Adaptation

Genetic Mechanisms of Viral Change
• Genetic recombination and reassortment in viruses lead to emergence of novel strains

• Particularly common in RNA viruses

• Can alter virulence or host range

• Examples include the emergence of pandemic influenza strains through reassortment
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• Antigenic drift and shift in influenza viruses exemplify genetic changes

• Minor (drift) and major (shift) alterations result in new viral variants

• Enables evasion of existing immunity

• Drift leads to seasonal flu vaccine updates, shift can cause pandemics (2009 H1N1)

• High mutation rate of many RNA viruses increases likelihood of generating variants

• Enhances transmissibility or pathogenicity

• Examples include the rapid emergence of SARS-CoV-2 variants (Alpha, Delta, Omicron)

Viral Adaptation and Host Interactions
• Quasispecies dynamics in viral populations allow for rapid adaptation

• Facilitates cross-species transmission and emergence

• Enables viruses to quickly adapt to new hosts or environments

• Examples include the adaptation of avian influenza viruses to mammalian hosts

• Selection pressures drive evolution of drug-resistant or immune-evasive viral strains

• Antiviral treatments and host immune responses act as selective forces

• Examples include the emergence of drug-resistant HIV strains in treated patients

• Host-pathogen co-evolution leads to emergence of viruses with altered properties

• Can change tissue tropism or host range

• Potentially results in novel disease manifestations

• Examples include the adaptation of SARS-CoV-2 to human ACE2 receptors

• Zoonotic spillover events followed by viral adaptation give rise to new human pathogens

• SARS-CoV-2 emergence from bat coronaviruses

• Adaptation of simian immunodeficiency virus to humans, leading to HIV

Surveillance for Emerging Viruses

Global Monitoring Networks
• Global surveillance networks enable early detection of novel viral strains

• WHO Global Influenza Surveillance and Response System monitors influenza viruses

• Allows for rapid characterization and response to potential pandemic threats

• International collaboration and data sharing crucial for effective global surveillance

• Enables rapid response to potential pandemic threats

• Examples include GISAID platform for sharing influenza and SARS-CoV-2 genomic data

• Zoonotic surveillance programs monitor animal populations for potential viral reservoirs
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• Identifies emerging pathogens that could pose a risk to human health

• Examples include bat coronavirus surveillance in China

Advanced Surveillance Techniques
• Molecular surveillance techniques allow for rapid identification of genetic changes

• Next-generation sequencing tracks viral evolution in real-time

• Enables monitoring of drug resistance and vaccine escape mutations

• Environmental surveillance provides early warning signs of viral presence

• Wastewater monitoring detects community-level viral circulation

• Successfully used to track polio eradication efforts and SARS-CoV-2 spread

• Syndromic surveillance systems identify unusual patterns of illness

• May indicate emergence of a new viral threat

• Examples include tracking emergency room visits for influenza-like illness

• Sentinel surveillance systems strategically placed in high-risk areas

• Serve as early warning mechanisms for viral emergence or re-emergence

• Examples include avian influenza monitoring in live bird markets

14.2 Case studies of recent emerging viral diseases
Recent emerging viral diseases like COVID-19, Zika, Ebola, and MERS have shaken global health. These
diseases vary in transmission, incubation, and symptoms, challenging containment efforts. Some spread
through respiratory droplets, others via mosquitoes or bodily fluids.

Zoonotic spillovers often trigger these outbreaks, with bats as common reservoirs. Genetic mutations,
globalization, and climate change contribute to their emergence and spread. Public health responses
include surveillance, contact tracing, and rapid vaccine development to combat these evolving threats.

Epidemiology and clinical features of emerging viral diseases

Recent emerging viral diseases and their characteristics
• COVID-19, Zika virus, Ebola virus disease, and Middle East Respiratory Syndrome (MERS) represent
significant recent emerging viral diseases

• Transmission routes vary among these diseases (respiratory droplets for COVID-19 and MERS,
mosquito vectors for Zika, bodily fluids for Ebola)

• Incubation periods range from a few days (COVID-19) to several weeks (Ebola)

• Reproduction numbers (R0) differ significantly, impacting disease spread rates

• Clinical manifestations span from mild flu-like symptoms to severe respiratory distress (COVID-19,
MERS), hemorrhagic fever (Ebola), or neurological complications (Zika)

• Asymptomatic transmission occurs in some diseases, particularly COVID-19, complicating
containment efforts
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• Superspreader events play crucial roles in rapid disease spread, especially observed in COVID-19
outbreaks

Origins and factors contributing to viral emergence
• Zoonotic spillover events commonly initiate emerging viral diseases

• Bats serve as frequent reservoir hosts for many viruses (SARS-CoV-2, Ebola)

• Other animals can act as intermediate hosts (camels for MERS, primates for Ebola)

• Genetic mutations and recombination events in viruses lead to:

• Increased transmissibility (H1N1 influenza)

• Enhanced virulence (Ebola Makona variant)

• Ability to infect new host species (avian influenza in humans)

• Globalization contributes to rapid viral spread through:

• International travel (SARS-CoV-2 global dissemination)

• Global trade networks (Zika virus introduction to new regions)

• Climate change impacts viral disease emergence by:

• Altering vector habitats (expansion of Aedes mosquito range for Zika and dengue)

• Changing animal migration patterns (influencing avian influenza spread)

Public health response to viral outbreaks

Surveillance and early intervention strategies
• Surveillance systems and early warning networks detect and monitor emerging viral outbreaks

• Global Influenza Surveillance and Response System (GISRS) for influenza

• Event-based surveillance for unusual disease clusters

• Non-pharmaceutical interventions reduce virus transmission in community settings

• Social distancing measures (school closures, work-from-home policies)

• Mask-wearing mandates in public spaces

• Enhanced hand hygiene practices (frequent handwashing, use of hand sanitizers)

• Contact tracing identifies and contains potential infection sources

• Digital contact tracing apps (Singapore's TraceTogether)

• Manual contact tracing teams deployed during outbreaks

• Isolation and quarantine measures separate infected individuals and exposed contacts

• Home isolation for mild cases

• Dedicated quarantine facilities for high-risk exposures
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Diagnostic and medical interventions
• Rapid development and deployment of diagnostic tests enable accurate case identification

• RT-PCR tests for active infection detection

• Serological assays for antibody detection and population-level studies

• Vaccine development and distribution strategies vary based on the specific virus

• mRNA vaccine platforms showed rapid response capability for COVID-19 (Pfizer-BioNTech, Moderna)

• Traditional approaches like inactivated viruses used for some diseases (Sinovac for COVID-19)

• Treatment protocols evolve as new information becomes available

• Repurposing existing drugs (remdesivir for COVID-19)

• Development of monoclonal antibody therapies (Regeneron's REGN-EB3 for Ebola)

International cooperation and control measures
• World Health Organization (WHO) coordinates global responses to viral outbreaks

• Information sharing through the Global Outbreak Alert and Response Network (GOARN)

• Deployment of rapid response teams to affected areas

• Travel restrictions and border control measures aim to prevent or slow disease spread

• Airport screening procedures (temperature checks, health declarations)

• Mandatory quarantine for international travelers

• International research collaborations accelerate scientific understanding and intervention development

• SOLIDARITY trial for COVID-19 treatments

• Consortium to standardize serological assays for COVID-19

Economic and social impact of emerging viral diseases

Economic consequences
• Direct economic costs burden healthcare systems and economies

• Increased healthcare expenditures for patient care and medical supplies

• Loss of productivity due to illness and mortality

• Investments in research and development for treatments and vaccines

• Indirect economic impacts disrupt global markets and industries

• Supply chain disruptions (semiconductor shortages affecting multiple industries)

• Reduced consumer spending in sectors like hospitality and tourism

• Long-term effects on specific industries (airline industry restructuring)

• Government fiscal policies respond to economic challenges
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• Stimulus packages to support affected businesses and individuals

• Increased government debt levels to finance pandemic response measures

Social and behavioral changes
• Social distancing measures and lockdowns alter daily life patterns

• Shift to remote work and online education

• Changes in social interactions and community engagement

• Adoption of new technologies for virtual communication (Zoom, Microsoft Teams)

• Mental health consequences emerge from prolonged pandemic conditions

• Increased rates of anxiety and depression

• Rise in substance abuse and addiction issues

• Exacerbation of pre-existing mental health conditions

• Disparities in healthcare access and socioeconomic factors lead to unequal impacts

• Higher infection and mortality rates in marginalized communities

• Disproportionate job losses in low-wage service sectors

• Educational gaps widening due to unequal access to online learning resources

Long-term societal implications
• Emerging viral diseases influence geopolitical relationships and global health governance

• Tensions over vaccine nationalism and distribution

• Calls for reform of international health regulations

• Strengthening of regional health cooperation (African CDC expansion)

• Persistent societal changes reshape future norms

• Increased adoption of flexible work arrangements

• Growth of telemedicine and remote healthcare services

• Enhanced public awareness of personal and community hygiene practices

Characteristics of emerging viral diseases

Viral families and their distinctive features
• Coronaviridae family includes SARS-CoV-2 and MERS-CoV

• Enveloped, positive-sense single-stranded RNA viruses

• Spike proteins facilitate host cell entry

• Flaviviridae family encompasses Zika virus and dengue virus

• Small, enveloped viruses with positive-sense single-stranded RNA
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• Often transmitted by arthropod vectors (mosquitoes, ticks)

• Filoviridae family contains Ebola virus and Marburg virus

• Filamentous, enveloped viruses with negative-sense single-stranded RNA

• Cause severe hemorrhagic fevers with high mortality rates

Comparative analysis of disease characteristics
• Transmission modes vary significantly among emerging viral diseases

• Respiratory droplets primary for COVID-19 and MERS

• Vector-borne transmission for Zika (Aedes mosquitoes)

• Direct contact with bodily fluids for Ebola

• Incubation periods impact the timing and effectiveness of control measures

• Short incubation for COVID-19 (2-14 days) allows rapid spread

• Longer incubation for Ebola (2-21 days) complicates contact tracing

• Case fatality rates differ dramatically between diseases

• Ebola with high mortality (average 50%, up to 90% in some outbreaks)

• COVID-19 with lower but significant mortality (global average ~2%, varying by region and time)

• Zika with low mortality but risk of severe congenital abnormalities

• Geographical distribution and environmental factors influence disease spread

• COVID-19 achieved global pandemic status

• Zika primarily affects tropical and subtropical regions

• Ebola outbreaks mainly confined to specific regions in Africa

14.3 Pandemic preparedness and response
Pandemic preparedness and response are crucial for managing emerging viral threats. Surveillance
systems, risk assessment frameworks, and strategic stockpiling form the backbone of readiness efforts.
Clear communication, cross-sector coordination, and international collaboration are key to effective
response strategies.

When pandemics strike, organizations like WHO coordinate global efforts while national agencies
implement local measures. Evidence-based guidance on interventions like social distancing, testing, and
contact tracing helps control spread. Vaccine and treatment development face challenges in accelerated
timelines, equitable distribution, and adapting to viral variants.

Pandemic Preparedness Plans

Surveillance and Risk Assessment
• Surveillance systems enable early detection and monitoring of potential pandemic threats

• Includes sentinel surveillance networks, syndromic surveillance, and genomic sequencing



Fiveable archived study guides Page 195

• Risk assessment frameworks evaluate pandemic potential of emerging viral strains

• Consider factors like transmissibility, disease severity, and population immunity

• Strategic stockpiling of medical supplies ensures readiness

• Includes personal protective equipment (N95 masks, gowns), antiviral medications (oseltamivir), and
vaccines

Communication and Coordination Strategies
• Communication strategies disseminate accurate and timely information

• Utilize multiple channels (social media, press conferences, public health websites)

• Target both public and healthcare providers with tailored messaging

• Coordination mechanisms between sectors facilitate effective response

• Involve health, transportation, education, and other critical sectors

• Establish clear chains of command and information sharing protocols

• Strategies for maintaining essential services during outbreaks

• Identify critical infrastructure and develop continuity plans

• Examples include healthcare, utilities, food supply chains

International Collaboration
• International collaboration enhances global preparedness efforts

• Includes information sharing agreements between countries

• Joint pandemic simulation exercises to test response capabilities

• Protocols for sharing viral samples and genetic sequences

• Enables rapid characterization of novel pathogens

• Facilitates development of diagnostic tests and vaccines

Coordinating Pandemic Response

Role of International Organizations
• World Health Organization (WHO) declares public health emergencies

• Issues global alerts and coordinates international response

• Provides technical guidance and support to member countries

• International organizations facilitate data and research sharing

• Examples include GISAID for influenza and SARS-CoV-2 sequences

• Promotes collaborative research efforts across borders

• Mobilize resources and coordinate global distribution
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• Includes vaccines, medications, and medical equipment

• Programs like COVAX aim for equitable vaccine access

National Public Health Agency Responsibilities
• Implement country-specific pandemic response measures

• Adapt global recommendations to local context and resources

• Examples include CDC in US, ECDC in Europe, China CDC

• Coordinate with healthcare systems to ensure adequate capacity

• Surge planning for hospital beds and medical staff

• Implement triage protocols and infection control measures

• Work with research institutions on countermeasure development

• Facilitate clinical trials for vaccines and treatments

• Expedite regulatory processes for emergency use authorizations

Evidence-Based Guidance
• Issue guidelines for pandemic control measures

• Based on current scientific evidence and epidemiological data

• Cover areas like testing strategies, isolation periods, and treatment protocols

• Provide recommendations for different sectors

• Healthcare settings (PPE use, patient management)

• Schools and workplaces (physical distancing, ventilation)

• Travel and border measures (screening, quarantine requirements)

Effectiveness of Non-pharmaceutical Interventions

Social Distancing and Hygiene Measures
• Social distancing reduces transmission rates

• School and workplace closures limit person-to-person contact

• Effectiveness varies based on timing and adherence

• Mask-wearing significantly impacts respiratory virus spread

• Reduces both droplet and aerosol transmission

• Particularly effective in indoor, crowded settings

• Hand hygiene practices decrease fomite transmission

• Regular handwashing with soap and water

• Use of alcohol-based hand sanitizers when soap unavailable
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Travel Restrictions and Contact Tracing
• Travel restrictions delay pandemic spread

• Most effective in early stages before widespread community transmission

• Examples include border closures, mandatory quarantines for travelers

• Contact tracing contains localized outbreaks

• Identifies and isolates exposed individuals

• Digital tools (smartphone apps) can enhance tracing efforts

• Quarantine of exposed individuals limits asymptomatic spread

• Duration based on incubation period of specific pathogen

• Self-isolation at home or designated quarantine facilities

Testing and Environmental Measures
• Widespread testing enables early case identification

• Includes PCR tests for active infections

• Rapid antigen tests for screening in community settings

• Environmental cleaning reduces fomite transmission risk

• Focus on high-touch surfaces in public spaces

• Use of appropriate disinfectants effective against specific pathogens

• Effectiveness influenced by public adherence and implementation timing

• Early, stringent measures generally more impactful

• Clear communication crucial for promoting compliance

Challenges in Vaccine and Treatment Development

Accelerated Development and Manufacturing
• Accelerated timelines pose safety and efficacy challenges

• Compressed clinical trial phases (combined phase 2/3 trials)

• Need for robust post-marketing surveillance

• Manufacturing capacity limitations hinder rapid production

• Requires scaling up facilities and supply chains

• Technology transfer to multiple manufacturers globally

Distribution and Access Challenges
• Equitable distribution presents logistical and ethical issues

• Balancing national interests with global needs
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• Prioritization frameworks for limited initial supplies

• Cold chain requirements create distribution obstacles

• Ultra-cold storage needed for mRNA vaccines (-70°C for some)

• Last-mile delivery challenges in remote or resource-limited areas

Ongoing Challenges and Adaptations
• Viral variants can reduce treatment and vaccine effectiveness

• Requires continuous genomic surveillance

• Potential need for updated vaccine formulations (annual boosters)

• Vaccine hesitancy impedes widespread uptake

• Fueled by misinformation and historical distrust

• Necessitates targeted education and outreach efforts

• Limited availability of antivirals early in pandemics

• Prioritization for high-risk groups (elderly, immunocompromised)

• Challenges in conducting clinical trials during outbreaks

14.4 One Health approach to emerging viral threats
Emerging viral threats don't play by the rules. They jump between animals, humans, and environments,
causing chaos. That's where the One Health approach comes in, tackling these threats from all angles.

One Health brings together experts from different fields to fight viral outbreaks. By looking at the big picture
- how viruses spread between species and ecosystems - we can catch threats early and stop them in their
tracks.

One Health Concept

Interconnected Health Approach
• One Health adopts a collaborative, multisectoral, and transdisciplinary approach recognizing the
interconnectedness of human, animal, and environmental health

• Works at local, regional, national, and global levels to achieve optimal health outcomes for all species
and ecosystems

• Addresses increasing threat of emerging viral diseases by considering factors such as habitat
destruction, climate change, and human-animal interactions

• Promotes holistic understanding of disease ecology including reservoir hosts (bats), vectors
(mosquitoes), and environmental factors contributing to viral emergence and spread

Relevance to Emerging Viral Diseases
• Particularly relevant due to frequent zoonotic origin of emerging pathogens (SARS-CoV-2) and their
complex transmission dynamics
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• Focuses on early detection, rapid response, and prevention of viral outbreaks through integrated
surveillance systems and coordinated interventions

• Addresses viral threats by examining spillover events from animals to humans (Ebola virus)

• Considers how ecosystem changes affect viral emergence and transmission patterns (deforestation
leading to increased human-wildlife contact)

Integrating Health Disciplines

Zoonotic Disease Management
• Recognizes inextricable link between human health and health of animals and environment in context
of emerging viral threats

• Emphasizes importance of studying zoonotic spillover events and ecological factors facilitating viral
transmission between species

• Integrates surveillance systems for both human and animal populations to detect potential viral threats
early and monitor their spread

• Promotes development of vaccines and therapeutics considering both human and animal health, as
well as potential environmental impacts

Environmental Health Incorporation
• Examines how ecosystem changes affect viral emergence and transmission patterns

• Deforestation increasing human-wildlife contact

• Urbanization altering vector habitats

• Encourages implementation of biosecurity measures in agriculture and wildlife management to reduce
risk of viral transmission between animals and humans

• Improved farm hygiene practices

• Wildlife trade regulations

• Involves collaborative research on viral evolution, host adaptation, and environmental persistence to
inform comprehensive risk assessment and management

• Studying bat coronaviruses in their natural habitats

• Monitoring avian influenza in migratory bird populations

Interdisciplinary Collaboration

Expertise Integration
• Brings together expertise from various fields to address complex viral threats comprehensively

• Virology, epidemiology, veterinary medicine, ecology, public health

• Enables development of more effective surveillance systems detecting viral pathogens in multiple
species and environments simultaneously

• Integrated human-animal disease surveillance networks
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• Identifies and analyzes complex interactions between human activities, animal populations, and
ecosystems contributing to viral emergence

• Studying impact of agricultural practices on zoonotic disease transmission

Enhanced Research and Communication
• Facilitates sharing of resources, technologies, and data across disciplines, leading to more rapid and
efficient responses to emerging viral threats

• Collaborative genomic sequencing efforts for new viral strains

• Promotes development of integrated intervention strategies addressing multiple aspects of disease
transmission and control

• Combined vector control and vaccination programs

• Enhances understanding of viral evolution and adaptation, informing development of more effective
vaccines and antiviral therapies

• Studying antigenic drift in influenza viruses

• Equips teams to communicate complex scientific information to policymakers and public, improving
overall preparedness and response to viral outbreaks

• Developing clear risk communication strategies for emerging threats

One Health Benefits vs Challenges

Potential Benefits
• Improves early warning systems for emerging viral threats and more comprehensive strategies for
disease prevention and control

• Global influenza surveillance network

• Leads to more efficient use of resources by avoiding duplication of efforts across different sectors and
promoting synergistic interventions

• Integrated vector control programs for multiple diseases

• Enhances global health security by strengthening capacity for coordinated responses to viral
outbreaks across national borders

• International outbreak response teams

Implementation Challenges
• Overcoming institutional and disciplinary silos hindering collaboration between human, animal, and
environmental health sectors

• Differing priorities between public health and agricultural departments

• Resource limitations, particularly in low- and middle-income countries, impeding establishment of
integrated surveillance systems and coordinated response mechanisms

• Lack of laboratory capacity for zoonotic disease testing
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• Differences in regulatory frameworks and policies across sectors and countries complicating
implementation of One Health strategies on global scale

• Varying animal health regulations between nations

• Balancing competing priorities and interests among stakeholders from different disciplines and
sectors, challenging in practice

• Reconciling economic interests with public health measures
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Unit 15 – Antiviral Therapies and Drug
Development
15.1 Classes of antiviral drugs and their mechanisms of action
Antiviral drugs are crucial weapons against viral infections. They target different stages of the viral life
cycle, from entry to replication and release. Understanding their mechanisms helps us develop better
treatments and combat drug resistance.

Classes of antivirals include nucleic acid synthesis inhibitors, protein processing blockers, and entry
inhibitors. Each class works differently, like stopping viral DNA replication or preventing virus release.
Knowing these differences is key to effective treatment strategies.

Antiviral Drug Classes and Targets

Nucleic Acid Synthesis Inhibitors
• Nucleoside/nucleotide analogs target viral DNA or RNA polymerases inhibiting viral genome
replication

• Incorporate into growing viral nucleic acid chain causing chain termination or mutations

• Examples include acyclovir (herpes viruses) and ribavirin (respiratory syncytial virus, hepatitis C)

• Polymerase inhibitors directly interfere with viral RNA or DNA polymerases preventing viral genome
replication

• Act as nucleoside analogs or allosteric inhibitors disrupting polymerase function

• Examples include sofosbuvir (hepatitis C) and remdesivir (SARS-CoV-2)

Protein Processing and Function Inhibitors
• Protease inhibitors interfere with viral protease enzymes preventing the cleavage of viral polyproteins
into functional proteins

• Bind to active site of viral proteases blocking polyprotein processing

• Examples include lopinavir (HIV) and simeprevir (hepatitis C)

• Neuraminidase inhibitors target the neuraminidase enzyme of influenza viruses inhibiting viral release
from infected cells

• Mimic sialic acid blocking enzyme activity and preventing virion release

• Examples include oseltamivir and zanamivir (influenza A and B)

Retrovirus-Specific Inhibitors
• Reverse transcriptase inhibitors specifically target the reverse transcriptase enzyme of retroviruses
blocking the conversion of viral RNA to DNA

• Nucleoside or non-nucleoside based incorporating into DNA chain or allosterically inhibiting enzyme
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• Examples include zidovudine (AZT) and efavirenz (HIV)

• Integrase inhibitors block the integration of viral DNA into the host cell genome primarily used against
retroviruses like HIV

• Bind to active site of integrase enzyme preventing viral DNA insertion

• Examples include raltegravir and dolutegravir (HIV)

Entry and Fusion Inhibitors
• Entry inhibitors prevent viral attachment fusion or entry into host cells by targeting viral envelope
proteins or host cell receptors

• Block receptor binding prevent membrane fusion or inhibit conformational changes for viral entry

• Examples include enfuvirtide (HIV) and maraviroc (HIV CCR5 antagonist)

Mechanisms of Antiviral Action

Competitive Inhibition and Substrate Mimicry
• Nucleoside/nucleotide analogs act as competitive inhibitors incorporating into growing viral nucleic
acid chain

• Cause chain termination or induce mutations in viral genome

• Structurally similar to natural nucleosides but lack 3' hydroxyl group for chain extension

• Neuraminidase inhibitors mimic sialic acid the natural substrate of neuraminidase blocking enzyme's
activity

• Prevent release of newly formed virus particles from infected cells

• Bind to active site with higher affinity than natural substrate

Enzyme Active Site Binding
• Protease inhibitors bind to active site of viral proteases preventing cleavage of viral polyproteins

• Block formation of functional structural and enzymatic components

• Often designed to mimic transition state of protease-substrate complex

• Integrase inhibitors bind to active site of integrase enzyme preventing insertion of viral DNA into host
genome

• Interfere with strand transfer step of integration process

• Stabilize integrase-viral DNA complex preventing interaction with host DNA

Allosteric Inhibition
• Non-nucleoside reverse transcriptase inhibitors allosterically inhibit enzyme function

• Bind to site distant from active site inducing conformational changes

• Reduce enzyme flexibility and catalytic activity
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• Some polymerase inhibitors act as allosteric inhibitors altering enzyme conformation

• Bind to sites outside the catalytic center affecting polymerase function

• May interfere with protein-protein interactions or substrate binding

Antiviral Interference with Replication

Targeting Specific Replication Stages
• Entry inhibitors prevent initial steps of infection blocking viral attachment fusion or entry

• Halt replication cycle before it begins in host cell

• Examples include fusion inhibitors (enfuvirtide) and receptor antagonists (maraviroc)

• Reverse transcriptase and integrase inhibitors interfere with early post-entry steps in retrovirus
replication

• Prevent establishment of proviral DNA in host genome

• Critical for blocking retroviral life cycle (HIV)

Disrupting Genome Replication and Protein Processing
• Nucleoside/nucleotide analogs and polymerase inhibitors disrupt genome replication

• Interfere with synthesis of new viral DNA or RNA

• Can induce lethal mutagenesis or premature chain termination

• Protease inhibitors act during late stages of viral replication cycle

• Prevent maturation of viral proteins necessary for assembly of infectious particles

• Result in production of non-infectious viral particles

Blocking Virus Release and Spread
• Neuraminidase inhibitors interfere with final stage of influenza virus replication

• Prevent release of newly formed virions from infected cells

• Reduce viral spread to neighboring cells

• Targeting different stages of viral replication cycle effectively reduces viral load

• Limits spread of infection within host

• Combination therapy targets multiple stages simultaneously

Efficacy and Limitations of Antiviral Drugs

Broad-Spectrum vs. Virus-Specific Antivirals
• Nucleoside/nucleotide analogs effective against broad range of viruses

• May have significant toxicity due to effects on host cell metabolism

• Examples include acyclovir (herpes viruses) and ribavirin (multiple RNA viruses)



Fiveable archived study guides Page 205

• Entry inhibitors can be highly specific but may have limited efficacy against established infections

• Often strain-specific due to viral envelope protein variability

• Maraviroc only effective against CCR5-tropic HIV strains

Resistance Development and Combination Therapy
• Protease inhibitors highly effective against HIV and hepatitis C virus (HCV)

• Rapid development of drug resistance if used as monotherapy

• Necessitates use in combination with other antivirals

• Reverse transcriptase inhibitors crucial in HIV treatment

• Require combination therapy to prevent emergence of resistant viral strains

• Part of highly active antiretroviral therapy (HAART) regimens

Timing and Administration Considerations
• Neuraminidase inhibitors effective against influenza viruses

• Must be administered early in course of infection for optimal results

• Prophylactic use during outbreaks can reduce transmission

• Efficacy limited by factors such as drug resistance toxicity and drug-drug interactions

• Genetic variability of viruses contributes to resistance development

• Host factors (metabolism immune status) affect drug efficacy

Emerging Antiviral Strategies
• Integrase inhibitors show high efficacy against HIV with high genetic barrier to resistance

• Use limited to retroviruses currently

• Potential for development against other viruses with similar enzymes

• Polymerase inhibitors can be highly effective with high genetic barrier to resistance

• Development challenging due to conserved nature of viral polymerases

• Successful examples include sofosbuvir (HCV) and remdesivir (SARS-CoV-2)

15.2 Antiviral drug resistance and combination therapies
Antiviral drug resistance is a major hurdle in fighting viral infections. It occurs when viruses mutate,
allowing them to replicate despite medication. This leads to treatment failure, increased healthcare costs,
and the spread of resistant strains.

Combination therapies are a powerful tool against resistance. By targeting multiple viral processes, they
create a higher barrier to mutation. This approach enhances effectiveness, reduces viral rebound, and
improves long-term suppression of infections like HIV and hepatitis C.
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Antiviral drug resistance

Definition and implications
• Antiviral drug resistance develops when viruses replicate despite the presence of inhibitory
medications

• Genetic mutations in viral genomes alter drug targets or virus entry mechanisms into host cells

• Drug-resistant viruses continue replicating and progressing disease during antiviral therapy

• Resistant strains limit treatment options for patients and create public health challenges through
transmission

• Healthcare costs increase due to more expensive or extended treatments for resistant infections

• Genetic testing monitors drug resistance to guide treatment decisions and develop new antiviral
strategies

Clinical impact
• Treatment failure occurs when resistant viruses continue replicating despite ongoing therapy

• Physicians must switch to alternative, potentially less effective or more toxic drug regimens

• Patients may experience prolonged illness, increased complications, or treatment-related side effects

• Resistant strains can spread to others, leading to community-wide challenges in disease control

• Immunocompromised individuals face higher risks from drug-resistant viral infections

• Economic burden increases from extended hospitalizations, additional medications, and lost
productivity

Mechanisms of resistance development

Genetic basis of resistance
• Viral replication errors introduce genetic mutations, especially in viruses with high mutation rates (HIV,
influenza)

• Antiviral drugs create selection pressure favoring survival of resistant viral variants

• Resistance-conferring mutations alter viral enzymes, proteins, or surface structures

• Some viruses acquire resistance through genetic recombination between different strains

• Compensatory mutations restore viral fitness lost due to primary resistance mutations

• Genetic barrier to resistance varies among antivirals (single vs. multiple mutations required)

Specific resistance mechanisms
• Target site alterations reduce drug binding or efficacy (neuraminidase mutations in influenza)

• Changes in viral surface proteins prevent drug entry or binding (HIV gp120 mutations)

• Increased expression of drug target proteins overwhelms inhibitory effects
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• Efflux pumps expel antiviral drugs from infected cells (herpesvirus resistance to acyclovir)

• Alternative metabolic pathways bypass drug-inhibited steps (HIV reverse transcriptase mutations)

• Viral genome segmentation facilitates rapid evolution and resistance (influenza reassortment)

Managing antiviral resistance

Prevention strategies
• Early initiation of potent antiviral therapy suppresses viral replication and mutation opportunities

• Regular viral load monitoring and resistance testing guide treatment decisions

• Combination therapies targeting different viral life cycle stages create higher genetic barriers to
resistance

• Patient education and adherence support minimize suboptimal drug levels selecting for resistant
variants

• Novel antiviral drug development combats existing resistant strains

• Restricted antiviral use in appropriate clinical scenarios reduces unnecessary selection pressure

• Public health measures prevent community spread of resistant viral strains

Treatment approaches
• Genotypic and phenotypic resistance testing informs drug selection

• Salvage therapy regimens combine multiple active agents for multi-drug resistant viruses

• Drug holidays allow wild-type virus to outcompete resistant strains in some cases

• Dose optimization maximizes drug efficacy while minimizing resistance development

• Cross-resistance patterns guide selection of alternative drug classes

• Therapeutic drug monitoring ensures adequate antiviral concentrations

• Novel delivery methods (long-acting injectables, implants) improve adherence and reduce resistance
risk

Combination therapies for viral infections

Benefits of combination approach
• Higher genetic barrier to resistance requires multiple simultaneous mutations

• Synergistic drug effects enhance overall antiviral activity

• Broader coverage against diverse viral populations or quasispecies

• Reduced viral rebound and improved long-term suppression (HIV treatment)

• Potential for shorter treatment durations in some infections (hepatitis C)

• Targeting multiple viral life cycle stages increases effectiveness (influenza)
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Challenges and considerations
• Increased risk of drug-drug interactions and adverse effects

• Higher treatment costs create access barriers in resource-limited settings

• Complex regimens potentially reduce patient adherence

• Difficulty in attributing side effects to specific drugs in combinations

• Potential for antagonistic drug interactions reducing overall efficacy

• Need for careful drug selection based on individual patient factors and viral genetics

• Ongoing research focuses on fixed-dose combinations and long-acting formulations to simplify
regimens

15.3 Drug development process for antivirals
Antiviral drug development is a complex journey from target identification to market approval. It involves
rigorous testing, from lab experiments to large-scale human trials, ensuring new treatments are safe and
effective against viral infections.

The process combines cutting-edge science with stringent regulatory oversight. Researchers use
advanced techniques to discover potential drugs, then carefully evaluate them through preclinical and
clinical stages before seeking approval for widespread use.

Antiviral Drug Development Process

Stages of Drug Development
• Drug development process consists of five main stages

• Target identification and validation

• Lead compound discovery

• Preclinical studies

• Clinical trials

• Regulatory approval and post-market surveillance

• Target identification determines specific viral proteins or processes to inhibit viral replication

• Lead compound discovery uses methods to identify potential antiviral molecules

• High-throughput screening

• Structure-based drug design

• Repurposing existing drugs

• Preclinical studies assess safety and efficacy in cell culture and animal models

• Evaluate pharmacokinetics, pharmacodynamics, and toxicity

• Clinical trials conducted in three phases to evaluate in humans

• Phase I: Safety and tolerability
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• Phase II: Efficacy and optimal dosing

• Phase III: Large-scale efficacy and safety studies

• Regulatory approval requires submitting comprehensive data for review

• Post-market surveillance monitors long-term safety and effectiveness

Drug Discovery Approaches
• Genomic and proteomic approaches identify potential viral targets

• Essential viral enzymes (viral polymerases)

• Structural proteins (viral capsid proteins)

• Host factors required for viral replication (cellular receptors)

• Structural biology techniques determine 3D structure of viral proteins

• X-ray crystallography

• Cryo-electron microscopy

• Functional genomics validate importance of targets in viral life cycle

• RNA interference (RNAi)

• CRISPR-Cas9 gene editing

• Computational methods predict drug-target interactions

• Molecular docking

• Virtual screening of compound libraries

• Biochemical and cell-based assays assess target function and drug effects

• Animal models validate targets and assess therapeutic potential in vivo

Identifying Antiviral Targets

Target Identification Methods
• Genomic and proteomic approaches identify potential viral targets

• Analyze viral genomes to find essential genes

• Study viral proteomes to identify crucial proteins

• Examples: HIV protease, influenza neuraminidase

• Structural biology determines 3D structure of viral proteins

• X-ray crystallography provides atomic-level protein structures

• Cryo-electron microscopy visualizes large protein complexes

• Examples: HIV envelope protein, coronavirus spike protein

• Functional genomics validate target importance
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• RNA interference silences specific genes to assess their role

• CRISPR-Cas9 creates precise genetic modifications

• Examples: Identifying host factors for hepatitis C virus entry

Computational and Experimental Validation
• Computational methods predict drug-target interactions

• Molecular docking simulates binding of compounds to targets

• Virtual screening rapidly evaluates large compound libraries

• Examples: In silico screening for SARS-CoV-2 main protease inhibitors

• Biochemical assays assess target function

• Enzyme activity assays measure inhibition by drug candidates

• Protein-protein interaction assays evaluate disruption of viral processes

• Examples: Fluorescence-based assays for viral polymerase activity

• Cell-based screening systems evaluate drug effects on viral replication

• Viral reporter systems (GFP-tagged viruses)

• High-content imaging to visualize viral infection in cells

• Examples: Screening for Zika virus inhibitors using infected cell lines

• Animal models validate targets in vivo

• Transgenic mice expressing viral proteins

• Humanized mouse models for human-specific viruses

• Examples: Ferret models for influenza, rhesus macaques for HIV

Preclinical and Clinical Trials

Preclinical Studies
• In vitro studies evaluate antiviral activity and mechanism

• Assess cytotoxicity in various cell lines

• Determine selectivity index (therapeutic window)

• Examples: Plaque reduction assays, viral yield reduction assays

• Animal studies assess drug properties and efficacy

• Evaluate pharmacokinetics (absorption, distribution, metabolism, excretion)

• Measure pharmacodynamics (dose-response relationships)

• Assess toxicity through acute and chronic exposure studies

• Test efficacy in animal models of viral infection
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• Examples: Mouse models for hepatitis B, ferret models for influenza

Clinical Trial Phases
• Phase I trials focus on safety and pharmacokinetics

• Conducted in healthy volunteers or sometimes patients

• Determine maximum tolerated dose and side effects

• Evaluate drug absorption, distribution, and elimination

• Examples: Single ascending dose studies, multiple ascending dose studies

• Phase II trials assess efficacy and optimal dosing

• Conducted in patients with target viral infection

• Compare to existing treatments or placebo

• Determine most effective dose and treatment duration

• Examples: Randomized controlled trials in hepatitis C patients

• Phase III trials confirm efficacy and safety in large populations

• Large-scale, multi-center randomized controlled studies

• Evaluate drug in diverse patient populations

• Gather data for regulatory approval

• Examples: Global trials for COVID-19 vaccines and antivirals

• Ongoing safety monitoring throughout clinical trials

• Pharmacovigilance identifies adverse effects

• Evaluate potential drug interactions

• Examples: Regular blood tests, electrocardiograms, patient-reported outcomes

Regulatory Approval for Antivirals

Regulatory Requirements and Documentation
• Comprehensive documentation required for approval

• Preclinical data on safety and efficacy

• Clinical trial results from all phases

• Manufacturing information and quality control measures

• Investigational New Drug (IND) application initiates clinical trials

• Submitted to regulatory agencies (FDA, EMA)

• Details preclinical data and proposed clinical protocols

• Examples: IND submissions for novel influenza antivirals



Fiveable archived study guides Page 212

• Good Laboratory Practices (GLP) ensure data quality

• Standardized protocols for preclinical studies

• Proper documentation and record-keeping

• Good Manufacturing Practices (GMP) maintain product consistency

• Quality control measures for drug production

• Examples: Sterility testing, batch release criteria

Approval Process and Post-Marketing Surveillance
• New Drug Application (NDA) or Biologics License Application (BLA) for approval

• Includes detailed safety and efficacy data

• Manufacturing processes and proposed labeling

• Examples: NDA for remdesivir as COVID-19 treatment

• Regulatory agencies may require additional studies

• Address specific safety concerns

• Evaluate long-term effects of antivirals

• Examples: Post-approval studies on cardiovascular effects of HIV medications

• Expedited approval pathways for urgent needs

• Fast Track designation for serious conditions

• Breakthrough Therapy designation for substantial improvements

• Emergency Use Authorization for public health emergencies

• Examples: EUA for COVID-19 vaccines and treatments

• Post-marketing surveillance monitors real-world use

• Periodic safety update reports submitted to agencies

• Adverse event reporting systems

• Long-term efficacy studies

• Examples: Monitoring for rare side effects of widely used antivirals

15.4 Challenges and future directions in antiviral therapy

Challenges in Antiviral Therapy Development
Antiviral therapy faces a core tension: viruses evolve fast, but drug development moves slowly.
Resistance, toxicity, and cost all limit what current antivirals can achieve. Understanding these challenges
is essential for appreciating why new approaches are needed and where the field is headed.
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Viral Resistance and Drug Specificity
Viruses replicate with high mutation rates, and that genetic variability is the main driver of drug resistance.
RNA viruses like HIV and influenza are especially prone to this because their polymerases lack
proofreading ability. Over time, selective pressure from a drug favors resistant mutants that can replicate
freely.

• Drug resistance limits the long-term effectiveness of most antivirals. A single point mutation in a viral
target enzyme can render a drug useless.

• High specificity of antiviral drugs means they often work against only a narrow range of viral strains or
families. This is why there's ongoing demand for broad-spectrum antivirals that hit conserved viral
mechanisms shared across multiple virus types.

• Combination therapy is the standard strategy to combat resistance. By using multiple drugs that target
different steps in the viral life cycle simultaneously, you reduce the chance that a single mutation allows
viral escape. HIV treatment with HAART (highly active antiretroviral therapy) is the classic example.
The tradeoff: more drugs mean more potential drug interactions and a harder regimen for patients to
follow consistently.

Safety and Efficacy Concerns
Because viruses hijack host cell machinery to replicate, it's difficult to attack the virus without also harming
the host. This creates a narrow therapeutic window for many antivirals.

• Toxicity and side effects can force dose reductions or treatment discontinuation. Balancing efficacy
against patient safety is a constant challenge in antiviral drug design.

• Latent viral reservoirs are among the biggest obstacles to curing chronic infections. Viruses like HIV
integrate into host cell DNA and persist in reservoirs (lymph nodes, the central nervous system, resting
T cells) where they're invisible to both the immune system and most drugs. This is why HIV treatment
suppresses but doesn't eliminate the virus.

• Gaps in understanding host-virus interactions slow down drug development for many pathogens.
Without a clear picture of a virus's full life cycle, it's hard to identify the best drug targets, whether those
are viral enzymes (like proteases or polymerases) or host factors the virus depends on.

Drug Development Hurdles
The timeline from discovering a promising compound to getting an approved drug on the market averages
10–15 years. Estimated cost per new drug runs around . That pace is a serious problem
when a novel virus emerges and you need treatments quickly.

Clinical trials add their own complications:

• Recruiting appropriate patient populations can be difficult, especially for rare or stigmatized infections.

• Ethical questions arise around placebo use when patients have a life-threatening viral disease.

• Long-term follow-up is often needed to assess both efficacy and delayed side effects.

Emerging Technologies for Antiviral Drug Discovery
New technologies are compressing timelines and opening up strategies that weren't possible a decade
ago. These tools don't replace traditional drug development, but they make several bottleneck steps faster
and more precise.
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High-Throughput Screening and AI Integration
High-throughput screening (HTS) lets researchers test massive compound libraries against viral targets in
a short timeframe. Robotic systems and microfluidic devices can screen millions of compounds in days to
weeks, rapidly identifying "hit" molecules worth pursuing further.

Artificial intelligence is increasingly layered on top of this process. Machine learning algorithms can:

• Predict drug-target interactions based on structural and chemical data

• Optimize lead compounds by modeling how changes to molecular structure affect binding affinity,
solubility, and toxicity

• Analyze complex datasets (protein structures, binding affinities, clinical outcomes) far faster than
manual approaches

Together, HTS and AI dramatically shorten the early discovery phase, though candidates still need to pass
through preclinical and clinical testing.

Advanced Biological Techniques
CRISPR-Cas9 gene editing has opened entirely new antiviral strategies. Rather than blocking viral
replication with a small molecule, CRISPR can directly target and disrupt viral genomes within infected
cells. It can also modify host factors to confer resistance. A well-known example: editing the CCR5
co-receptor on T cells so HIV can't use it for entry, mimicking the natural resistance seen in individuals with
the CCR5-Δ32 mutation.

Structural biology has also transformed drug design. Cryo-electron microscopy (cryo-EM) can now resolve
viral proteins at near-atomic resolution. Visualizing structures like viral spike proteins or the active sites of
viral enzymes allows researchers to design drugs that fit those targets precisely. This is called
structure-based drug design, and it played a role in developing drugs like nirmatrelvir (the protease inhibitor
in Paxlovid for SARS-CoV-2).

Novel Drug Delivery and Testing Systems
Nanotechnology improves how antiviral drugs reach their targets. Nanoparticle carriers (liposomes,
polymeric nanoparticles, dendrimers) can deliver drugs preferentially to infected cells, increasing local drug
concentration while reducing systemic side effects.

Organoids and organ-on-a-chip platforms provide more physiologically realistic testing environments than
traditional cell cultures:

• Lung organoids can model respiratory virus infections in tissue that mimics actual airway architecture.

• Liver-on-a-chip systems enable early-stage testing of drug efficacy and hepatotoxicity for hepatitis
therapeutics.

These models help filter out ineffective or toxic candidates before expensive animal studies and clinical
trials.

Social and Economic Factors in Antiviral Access
Even the best antiviral is useless if patients can't get it. Social and economic barriers shape real-world
treatment outcomes just as much as the pharmacology does.
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Cost and Intellectual Property Barriers
Novel antiviral therapies are often expensive, putting them out of reach for many patients and straining
healthcare systems in resource-limited settings. Intellectual property protections (patents) maintain high
prices by preventing generic production during the patent period. The debates over HIV/AIDS drug patents
in sub-Saharan Africa during the early 2000s are a landmark example: life-saving antiretrovirals existed but
were unaffordable for the populations that needed them most until generic manufacturing was eventually
permitted.

Healthcare Infrastructure and Cultural Factors
• Infrastructure gaps limit antiviral distribution in many regions. Temperature-sensitive drugs require
cold chain storage that may not exist in rural or low-income areas. Shortages of trained healthcare
workers compound the problem.

• Cultural beliefs and stigma affect whether people seek and stick with treatment. Stigma around HIV
and hepatitis can discourage testing and disclosure. Preferences for traditional medicine or
misinformation about viral infections also reduce treatment uptake and adherence.

Global Health Policies and Economic Incentives
International collaborations are critical for equitable access. Programs like COVAX (for COVID-19 vaccine
distribution) and the Global Fund to Fight AIDS, Tuberculosis and Malaria coordinate resources and
logistics across countries.

On the development side, market incentives don't always align with global health needs. Orphan drug
designations provide regulatory and financial incentives for rare disease research, but diseases that
primarily affect low-income countries often lack commercial appeal. Funding for Ebola and Zika research
surged during outbreaks but dropped off afterward, illustrating how reactive rather than proactive the
current model tends to be.

Personalized Antiviral Therapies: Host Genetics and Treatment
Not everyone responds to the same antiviral drug in the same way. Host genetics play a significant role in
both susceptibility to viral infection and response to treatment. Personalized approaches aim to match the
right drug and dose to each patient's genetic profile.

Pharmacogenomics and Genetic Susceptibility
Pharmacogenomics studies how genetic variations influence drug metabolism, efficacy, and adverse
reactions. A concrete clinical example: patients are screened for the HLA-B*5701 allele before starting
abacavir (an HIV drug) because carriers of this allele have a high risk of severe hypersensitivity reactions.
This single genetic test prevents a dangerous side effect.

Host genetics also affect infection risk and disease progression. The CCR5-Δ32 mutation is the most
famous example: individuals homozygous for this deletion are highly resistant to HIV infection because the
virus can't bind its usual co-receptor. Identifying such genetic factors informs both prevention strategies
and therapeutic targets.

Integrating Omics Technologies
Combining genomics with transcriptomics, proteomics, and metabolomics gives a more complete picture of
host-virus interactions than any single data type alone. This multi-omics approach can reveal:
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• Novel biomarkers for disease severity or treatment response

• Previously unrecognized drug targets

• Patient subgroups that may benefit from specific therapies

Gene therapy is also advancing as a potential antiviral tool. Researchers are exploring approaches like
editing out integrated HIV provirus from host cell DNA or enhancing innate antiviral responses (such as
boosting interferon pathways) through genetic modification. These are still largely experimental, but they
represent a shift from managing chronic viral infections to potentially curing them.

Ethical Considerations and Implementation Challenges
Genetic testing raises real ethical concerns. Storing and sharing genetic data creates confidentiality risks,
and there's potential for genetic discrimination in insurance or employment contexts.

For personalized antiviral therapy to work at scale, genetic testing needs to be:

• Cost-effective enough for routine clinical use

• Rapid enough to inform treatment decisions in real time (point-of-care genetic tests, rapid HLA typing)

• Integrated into electronic health records so clinicians can act on the results

These implementation hurdles are practical, not theoretical. Pharmacogenetic testing panels exist today,
but adoption varies widely across healthcare systems.
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Unit 16 – Viral Vaccines and Prevention
Strategies
16.1 Types of viral vaccines and their development
Viral vaccines are crucial weapons against infectious diseases. From traditional live attenuated and
inactivated vaccines to cutting-edge nucleic acid platforms, each type has unique strengths and limitations.
Understanding these differences is key to developing effective immunization strategies.

The vaccine development process is a complex journey from lab to clinic. It involves rigorous research,
preclinical studies, and clinical trials to ensure safety and efficacy. Regulatory review and post-marketing
surveillance are vital steps in bringing new vaccines to the public and monitoring their long-term impact.

Viral Vaccine Types and Mechanisms

Live Attenuated and Inactivated Vaccines
• Live attenuated vaccines contain weakened viruses that replicate without causing disease

• Stimulate strong immune response similar to natural infection

• Provide long-lasting immunity with fewer doses (measles, mumps, rubella)

• Inactivated vaccines use non-infectious viruses rendered inert through chemical or physical methods

• Induce primarily antibody-mediated immunity

• Require multiple doses for optimal protection (influenza, polio)

• Both types mimic natural infection to varying degrees, triggering comprehensive immune responses

Subunit and Virus-Like Particle Vaccines
• Subunit vaccines contain specific viral proteins or antigens

• Often produced through recombinant DNA technology

• Target focused immune response against key viral components (hepatitis B)

• Virus-like particle (VLP) vaccines mimic viral structure without genetic material

• Elicit strong antibody responses due to repetitive antigen display

• Highly immunogenic and safe (human papillomavirus)

• Both types offer enhanced safety profiles but may require adjuvants for optimal efficacy

Nucleic Acid and Viral Vector Vaccines
• Nucleic acid vaccines (DNA or mRNA) deliver genetic instructions for viral antigens

• Host cells produce antigens, stimulating humoral and cellular immunity

• Allow rapid development and modification (COVID-19 mRNA vaccines)
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• Viral vector vaccines use modified, non-pathogenic viruses to deliver antigen genes

• Induce robust cellular and antibody responses

• Leverage natural viral infection pathways for efficient antigen delivery (Ebola vaccine)

• Both platforms represent cutting-edge vaccine technologies with unique advantages in immune
stimulation

Viral Vaccine Development Process

Research and Preclinical Studies
• Basic research identifies viral antigens and potential vaccine candidates

• Utilizes genomic analysis and immunological studies to pinpoint key targets

• Involves in silico predictions and high-throughput screening methods

• Preclinical studies assess vaccine safety, immunogenicity, and efficacy

• In vitro experiments evaluate cellular responses and antigen expression

• Animal models test immune responses and protection against viral challenge

• Data from these studies inform vaccine formulation and dosing for human trials

Clinical Trials and Safety Evaluation
• Phase I trials focus on vaccine safety and dosage in small groups

• Monitor for adverse effects and initial immune responses

• Typically involve 20-100 healthy volunteers

• Phase II trials expand to larger groups for further safety and immunogenicity evaluation

• Determine optimal dosage and vaccination schedule

• Usually include several hundred participants

• Phase III trials involve large-scale efficacy testing

• Assess protection against natural infection in diverse populations

• Identify rare side effects through extensive participant enrollment (thousands to tens of thousands)

• All phases rigorously monitor participant safety and immune responses

Regulatory Review and Post-Marketing Surveillance
• Regulatory review involves submission of clinical trial data to agencies

• Thorough evaluation of safety and efficacy by experts (FDA, EMA)

• May include advisory committee recommendations

• Approval process considers benefit-risk balance for target populations

• Evaluates manufacturing quality and consistency
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• Sets conditions for vaccine use and distribution

• Post-marketing surveillance (Phase IV) monitors long-term safety and effectiveness

• Utilizes passive and active surveillance systems

• Allows for detection of rare adverse events in diverse populations

• Informs potential label changes or additional safety measures

Vaccine Platform Advantages vs Disadvantages

Traditional Platforms: Live Attenuated and Inactivated
• Live attenuated vaccines advantages

• Provide long-lasting immunity with fewer doses

• Stimulate broad immune responses (humoral and cellular)

• Live attenuated vaccines disadvantages

• Small risk of reversion to virulence

• Contraindicated in immunocompromised individuals

• Inactivated vaccines advantages

• Safer for immunocompromised individuals

• Stable and easier to store (polio vaccine)

• Inactivated vaccines disadvantages

• Generally require multiple doses

• May provide shorter-lasting immunity compared to live vaccines

Modern Platforms: Subunit, VLP, and Nucleic Acid
• Subunit and VLP vaccines advantages

• High safety profiles due to absence of live components

• Focused immune responses against specific antigens

• Subunit and VLP vaccines disadvantages

• May require adjuvants to enhance immunogenicity

• Multiple doses often needed for optimal protection

• Nucleic acid vaccines advantages

• Rapid development and modification potential

• Stimulate both humoral and cellular immunity

• Nucleic acid vaccines disadvantages

• Challenges in stability and delivery



Fiveable archived study guides Page 220

• Public acceptance issues due to novelty (mRNA vaccines)

Production and Distribution Considerations
• Production scalability varies among platforms

• Cell culture-based systems offer faster scale-up (influenza vaccines)

• Recombinant technologies allow high-yield production (hepatitis B vaccine)

• Storage requirements impact global distribution

• Some vaccines require cold chain maintenance (mRNA vaccines)

• Thermostable formulations enhance accessibility in resource-limited settings

• Cost-effectiveness influences suitability for widespread use

• Manufacturing complexity affects production costs

• Dose requirements and shelf-life impact overall vaccine program expenses

Adjuvants for Enhanced Efficacy

Traditional Adjuvants: Aluminum Salts
• Aluminum salts (alum) widely used in vaccines

• Promote antigen retention at injection site

• Enhance antigen uptake by antigen-presenting cells

• Mechanism of action involves

• Formation of antigen depot for prolonged immune stimulation

• Activation of inflammasome pathways in innate immune cells

• Examples of alum-adjuvanted vaccines include hepatitis B and diphtheria-tetanus-pertussis vaccines

Advanced Adjuvant Formulations
• Oil-in-water emulsions enhance immune responses

• MF59 and AS03 stimulate local immune cell recruitment and activation

• Used in influenza vaccines to boost antibody production and T cell responses

• Toll-like receptor (TLR) agonists mimic pathogen-associated molecular patterns

• Monophosphoryl lipid A (MPL) activates TLR4 signaling

• Enhances both innate and adaptive immunity (used in HPV vaccine)

• Saponin-based adjuvants facilitate antigen presentation

• QS-21 and Matrix-M stimulate both humoral and cellular immune responses

• Utilized in shingles and COVID-19 vaccines for enhanced efficacy



Fiveable archived study guides Page 221

Adjuvant Selection and Development
• Choice of adjuvant impacts immune response type and strength

• Allows tailored vaccine formulations for specific pathogens

• Considers target population characteristics (age, immune status)

• Adjuvant development balances immunogenicity and safety

• Some adjuvants may increase risk of local or systemic reactions

• Extensive safety testing required before clinical use

• Combination adjuvant systems offer synergistic effects

• AS01 combines MPL and QS-21 for potent immune activation

• Used in malaria and shingles vaccines to overcome immune evasion mechanisms

16.2 Vaccine-induced immunity and herd immunity
Vaccines are our shield against viral diseases, training our immune system to fight off pathogens without
getting sick. They work by exposing us to harmless versions of viruses, triggering antibody production and
memory cell formation for long-lasting protection.

Herd immunity is the community-wide benefit of widespread vaccination. When enough people are
immune, virus transmission slows dramatically, protecting even those who can't get vaccinated. This
powerful effect has helped control or eliminate many diseases throughout history.

Vaccine-induced immunity

Immune system activation and response
• Vaccine-induced immunity stimulates the immune system to produce a protective response against
specific pathogens without causing disease

• Vaccines contain inactivated pathogens, attenuated live pathogens, or specific pathogen components
(spike proteins)

• Immune system responds by producing antibodies and memory cells specific to the target pathogen

• Provides long-lasting protection by priming the immune system for rapid response upon exposure to
the actual pathogen

• Effectiveness varies depending on vaccine type, individual's immune system, and target pathogen
characteristics

Types of vaccines and their mechanisms
• Inactivated vaccines use killed pathogens to stimulate immunity (flu shot)

• Live attenuated vaccines contain weakened pathogens that replicate without causing disease (MMR
vaccine)

• Subunit vaccines use specific pathogen components to trigger immune response (Hepatitis B vaccine)

• mRNA vaccines deliver genetic instructions for producing pathogen proteins (COVID-19 vaccines)
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• Viral vector vaccines use harmless viruses to deliver pathogen genes (Johnson & Johnson COVID-19
vaccine)

Individual and community protection
• Vaccine-induced immunity protects individuals from infection and severe disease

• Contributes to community protection by reducing overall transmission of infectious agents

• Helps prevent outbreaks and epidemics by limiting susceptible population

• Protects vulnerable individuals who cannot be vaccinated (newborns, immunocompromised patients)

• Supports global health initiatives aimed at disease control and eradication (polio eradication efforts)

Herd immunity for disease control

Concept and mechanisms of herd immunity
• Herd immunity occurs when a significant portion of a population becomes immune to an infectious
disease

• Reduces likelihood of transmission to susceptible individuals within the community

• Achieved through natural infection or vaccination, with vaccination being safer and more controlled

• Protects vulnerable individuals who cannot be vaccinated due to age, health conditions, or
compromised immune systems

• Threshold for herd immunity varies depending on pathogen infectiousness, typically ranging from 50%
to 95% of population being immune

Mathematical modeling and epidemiology
• Basic reproduction number (R0) estimates proportion of population needed for herd immunity

• R0 represents average number of secondary infections caused by one infected individual in a fully
susceptible population

• Herd immunity threshold calculated using formula: 

• Effective reproduction number (Rt) measures disease spread in partially immune populations

• Mathematical models help predict outbreak dynamics and evaluate intervention strategies

Historical successes and current applications
• Herd immunity crucial in eradication of smallpox and near-eradication of polio

• Measles outbreaks in under-vaccinated communities demonstrate importance of maintaining herd
immunity

• COVID-19 pandemic highlighted global efforts to achieve herd immunity through vaccination

• Seasonal influenza control relies on annual vaccination to maintain population-level immunity

• Herd immunity supports elimination of diseases in specific regions (rubella in the Americas)
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Factors influencing herd immunity

Vaccination and population dynamics
• Vaccination coverage rates directly impact herd immunity effectiveness

• Higher vaccination rates generally lead to better community protection

• Population dynamics affect herd immunity stability and maintenance

• Birth rates introduce new susceptible individuals

• Death rates remove immune individuals from population

• Migration patterns can introduce or remove susceptible and immune individuals

• Social and behavioral factors influence disease spread and herd immunity establishment

• Population density affects contact rates between individuals

• Social mixing patterns determine transmission dynamics

• Compliance with vaccination programs impacts overall immunity levels

Vaccine efficacy and pathogen characteristics
• Vaccine efficacy plays crucial role in herd immunity development

• Higher efficacy rates contribute more significantly to community protection

• Genetic diversity of pathogens and host populations influences herd immunity effectiveness

• Some pathogen strains may be more resistant to immune responses

• Host genetic variations can affect individual susceptibility and vaccine response

• Duration of vaccine-induced or naturally acquired immunity affects long-term herd immunity stability

• Waning immunity may lead to outbreaks in previously protected populations

• Booster shots help maintain population-level immunity for certain diseases (tetanus, pertussis)

Environmental and seasonal factors
• Climate and seasonality influence transmission dynamics of certain pathogens

• Influenza shows seasonal patterns in temperate regions

• Mosquito-borne diseases (dengue, Zika) affected by temperature and rainfall

• Environmental changes can impact vector populations and disease transmission

• Urbanization may increase human-vector contact (malaria in urban areas)

• Deforestation can lead to emergence of zoonotic diseases (Ebola)

• Global warming may alter geographic distribution of pathogens and vectors

• Expansion of tick-borne diseases into new regions (Lyme disease)

• Changes in mosquito habitats affecting mosquito-borne disease transmission
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Challenges of herd immunity

Vaccine hesitancy and misinformation
• Vaccine hesitancy poses significant obstacle to achieving necessary vaccination coverage

• Misinformation spread through social media and other channels fuels vaccine skepticism

• Cultural, religious, and philosophical beliefs may influence vaccine acceptance

• Historical instances of unethical medical practices contribute to distrust in some communities

• Addressing vaccine hesitancy requires tailored communication strategies and community engagement

Emerging diseases and pathogen evolution
• Emerging and re-emerging infectious diseases present ongoing challenges to herd immunity

• Continuous surveillance and adaptation of vaccination strategies needed

• Antigenic drift and shift in viruses compromise existing herd immunity

• Influenza viruses require annual vaccine updates due to rapid evolution

• SARS-CoV-2 variants demonstrate potential for immune evasion

• Potential for vaccine escape variants threatens long-term herd immunity effectiveness

• Pathogens may evolve to evade vaccine-induced immunity

• Requires ongoing monitoring and vaccine development efforts

Global health disparities and ethical considerations
• Uneven global distribution of vaccines creates disparities in achieving herd immunity

• Limited healthcare resources in some regions hinder vaccination efforts

• Logistical challenges in vaccine production, distribution, and administration

• Cold chain requirements for some vaccines (mRNA COVID-19 vaccines)

• Limited manufacturing capacity for global demand

• Ethical considerations surrounding mandatory vaccination policies versus individual rights

• Balancing public health needs with personal autonomy

• Legal challenges to vaccine mandates in various countries

• Equitable access to vaccines remains a global health priority

• COVAX initiative aims to provide vaccines to low and middle-income countries

• Technology transfer and local production capacity building support global vaccination efforts
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16.3 Challenges in vaccine development for specific viruses
Developing vaccines for challenging viruses is like solving a complex puzzle. Scientists face hurdles like
rapidly mutating viruses, unique viral characteristics, and ethical dilemmas. These obstacles make it tough
to create effective vaccines for diseases like HIV, influenza, and Zika.

To overcome these challenges, researchers use cutting-edge techniques and collaborative approaches.
They're exploring new vaccine platforms, designing immunogens to target elusive viral weak spots, and
leveraging global partnerships. These strategies aim to speed up vaccine development and improve
protection against tricky viral foes.

Challenges in Vaccine Development

Antigenic Variation and Viral Mutation
• Antigenic drift and shift in influenza viruses require frequent vaccine updates to maintain efficacy
against circulating strains

• Drift involves small, gradual changes in surface proteins

• Shift involves major changes, often resulting from genetic reassortment between different influenza
strains

• HIV's rapid mutation rate and ability to evade the immune system pose significant obstacles in
developing an effective vaccine

• HIV mutates approximately 1 million times faster than human DNA

• The virus targets and destroys CD4+ T cells, key components of the immune response

• Genetic variability among viral strains can lead to vaccine escape mutants, reducing the effectiveness
of existing vaccines

• Example: Hepatitis B virus surface antigen mutations can render some vaccinated individuals
susceptible to infection

• Quasispecies formation in RNA viruses creates a diverse population of viral variants within a single
host, challenging vaccine design

• Hepatitis C virus exists as a quasispecies, with up to 10^12 variants produced daily in an infected
individual

Unique Viral Characteristics
• The neurotropic nature of rabies virus necessitates vaccines that can induce a rapid and robust
immune response before the virus reaches the central nervous system

• Rabies virus travels through peripheral nerves to the brain at a rate of 12-24 mm per day

• Zika virus's potential for congenital infections requires careful consideration of vaccine safety for
pregnant women and developing fetuses

• Zika can cause microcephaly and other severe brain defects in developing fetuses

• The lack of animal models that accurately mimic human disease progression for some viruses hinders
vaccine testing and development
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• Hepatitis C virus primarily infects humans and chimpanzees, limiting animal model options

• Ebola's high mortality rate and sporadic outbreaks complicate large-scale clinical trials for vaccine
candidates

• Ebola outbreaks are unpredictable and often occur in resource-limited settings

• Mortality rates can reach up to 90% in some outbreaks

Viral Diversity and Vaccine Efficacy

Impact of Viral Evolution
• Recombination events in retroviruses can generate novel viral strains that may not be recognized by
vaccine-induced immunity

• HIV recombination occurs at a rate of approximately 2.8 crossovers per genome per replication cycle

• Antigenic diversity in flaviviruses can lead to antibody-dependent enhancement, complicating vaccine
development and potentially increasing disease severity

• Dengue virus has four distinct serotypes, and infection with one serotype can enhance the severity of
subsequent infections with different serotypes

• The rapid evolution of influenza virus surface proteins necessitates annual vaccine reformulation to
match circulating strains

• Hemagglutinin and neuraminidase proteins mutate at rates of 1% and 0.8% per year, respectively

Viral Reservoirs and Zoonotic Potential
• Viral reservoirs in animal populations can serve as sources of new viral variants, potentially
compromising vaccine efficacy for zoonotic viruses

• Bats harbor numerous coronaviruses, including ancestors of SARS-CoV and SARS-CoV-2

• Wild birds act as reservoirs for avian influenza viruses, which can potentially lead to pandemic strains

• Zoonotic viruses often require consideration of both human and animal hosts in vaccine development

• Rabies vaccines must be effective in both humans and domestic animals to control the disease

• Rift Valley fever virus affects both livestock and humans, necessitating a One Health approach to
vaccine development

Ethical Considerations in Vaccine Development

Clinical Trial Ethics
• The use of human challenge trials in vaccine development raises ethical concerns regarding
participant safety and informed consent

• Controlled human infection models have been used for diseases like malaria and influenza

• Ethical guidelines for such trials include rigorous safety protocols and extensive informed consent
procedures
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• The inclusion of vulnerable populations in vaccine trials requires careful ethical considerations to
balance risks and benefits

• Pregnant women, children, and immunocompromised individuals are often excluded from initial trials
but may benefit greatly from vaccines

• Special ethical frameworks, such as the PREVENT guidelines, have been developed for conducting
vaccine research in pregnant women

Global Access and Distribution
• Equitable global distribution of vaccines involves complex ethical decisions about prioritization and
resource allocation

• The COVID-19 pandemic highlighted disparities in vaccine access between high-income and
low-income countries

• Initiatives like COVAX aim to ensure fair and equitable access to COVID-19 vaccines globally

• Intellectual property rights and patent protection for vaccines can conflict with the ethical imperative to
ensure widespread access, particularly in low-income countries

• Compulsory licensing and patent pools have been proposed as mechanisms to improve access to
essential vaccines

• The Trade-Related Aspects of Intellectual Property Rights (TRIPS) agreement allows flexibilities for
public health emergencies

Policy and Public Health Ethics
• Mandatory vaccination policies raise questions about individual autonomy versus public health
benefits

• School entry vaccination requirements have been effective in controlling diseases like measles and
polio

• Some countries have implemented mandatory COVID-19 vaccination for certain populations, sparking
ethical debates

• The use of cell lines derived from fetal tissue in vaccine development and production has sparked
ethical debates in some communities

• HEK293 cells, derived from fetal kidney tissue in the 1970s, are widely used in vaccine research and
production

• Alternative cell lines and technologies are being explored to address ethical concerns

• The ethical implications of developing vaccines for potential bioterrorism agents must be carefully
considered to balance public health preparedness and potential misuse

• Smallpox vaccine development continues despite the disease's eradication, due to bioterrorism
concerns

• Dual-use research of concern (DURC) policies aim to mitigate risks associated with such research
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Strategies for Vaccine Development

Advanced Technologies and Approaches
• Implementation of reverse vaccinology techniques, using genomic information to identify potential
antigens, can accelerate vaccine development for challenging pathogens

• Successfully applied in developing vaccines against Neisseria meningitidis serogroup B

• Combines bioinformatics and high-throughput screening to identify promising vaccine candidates

• Development of universal vaccine platforms, such as mRNA vaccines, can provide rapid adaptability
to emerging viral threats

• mRNA vaccines were developed and deployed for COVID-19 in less than a year

• The platform allows for quick modification to target new variants or different pathogens

• Utilization of virus-like particles as vaccine candidates can enhance immunogenicity while maintaining
safety profiles

• VLPs mimic the structure of viruses but lack genetic material, making them non-infectious

• Successfully used in vaccines for human papillomavirus (HPV) and hepatitis B virus

Immunological Strategies
• Application of structural vaccinology principles to design immunogens that elicit broadly neutralizing
antibodies against highly variable viruses

• Targeting conserved epitopes on the HIV envelope protein to induce broadly neutralizing antibodies

• Using computational modeling to design stable, prefusion conformations of viral surface proteins

• Employment of prime-boost vaccination strategies to enhance immune responses against
difficult-to-target viruses

• Heterologous prime-boost approaches use different vaccine platforms for priming and boosting

• Example: The Ebola vaccine regimen using Ad26.ZEBOV and MVA-BN-Filo vaccines

• Integration of systems biology approaches to better understand host-pathogen interactions and
identify correlates of protection for vaccine development

• Transcriptomics and proteomics data can reveal key pathways involved in protective immune
responses

• Machine learning algorithms can predict vaccine efficacy based on early immune signatures

Collaborative and Interdisciplinary Approaches
• Collaboration through public-private partnerships and international consortia to pool resources and
expertise for tackling complex vaccine development challenges

• The Coalition for Epidemic Preparedness Innovations (CEPI) funds and coordinates vaccine
development for emerging infectious diseases

• The Human Vaccines Project brings together academia, industry, and government to accelerate
vaccine development
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• Establishment of global surveillance networks to monitor viral evolution and inform vaccine design and
updates

• The Global Influenza Surveillance and Response System (GISRS) monitors influenza viruses and
recommends vaccine composition

• GISAID platform facilitates rapid sharing of genetic sequences for emerging pathogens, supporting
vaccine development efforts

16.4 Novel vaccine technologies and strategies
Novel vaccine technologies are revolutionizing our fight against viral diseases. From viral vectors to
nanoparticles, these platforms offer enhanced efficacy and faster development. They're changing how we
approach vaccine creation, making it more precise and adaptable.

Nucleic acid vaccines, like mRNA shots for COVID-19, are game-changers. They deliver genetic
instructions directly to cells, mimicking natural infection. This approach allows for rapid design and
production, crucial for tackling emerging threats and personalized medicine.

Emerging Vaccine Technologies

Novel Vaccine Platforms
• Viral vector vaccines use modified viruses to deliver antigen-encoding genes to host cells
(adenovirus-based COVID-19 vaccines)

• Nanoparticle-based vaccines enhance antigen presentation and cellular uptake (Novavax COVID-19
vaccine)

• Plant-based vaccines produce antigens in plant cells for easier scaling and distribution (Medicago
COVID-19 vaccine)

• Recombinant protein vaccines use genetic engineering to produce specific viral antigens (Hepatitis B
vaccine)

• Self-amplifying RNA vaccines combine mRNA technology with self-replication to increase
immunogenicity

• Virus-like particle (VLP) vaccines mimic viral structure without infectious genetic material (HPV
vaccine)

Adjuvants and Delivery Strategies
• Adjuvanted vaccines incorporate immune-stimulating compounds to enhance efficacy (AS01 in
Shingrix vaccine)

• Universal vaccine strategies target conserved viral epitopes for broad protection (Universal influenza
vaccine candidates)

• Mucosal vaccines delivered intranasally or orally target mucosal immune responses (FluMist nasal
spray influenza vaccine)

• Novel delivery methods improve vaccine stability and reduce cold chain requirements (Microneedle
patches, thermostable formulations)
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Nucleic Acid Vaccines

Principles and Mechanisms
• Deliver genetic instructions for antigen production directly to host cells

• Mimic natural infection by stimulating both humoral and cellular immune responses

• mRNA vaccines use lipid nanoparticle technology for efficient cellular delivery (Pfizer-BioNTech and
Moderna COVID-19 vaccines)

• DNA vaccines often require electroporation or other methods to enhance cellular uptake

• Encode antigens or immunomodulatory molecules in a single construct for multivalent vaccines

• Potential for long-term antigen expression leads to more durable immune responses

Advantages and Applications
• Rapid design and manufacturing allow quick response to emerging pathogens (SARS-CoV-2 mRNA
vaccines)

• Production does not require live pathogens or cell culture systems, reducing biosafety concerns

• Versatility in targeting multiple antigens or pathogens simultaneously (Multi-valent mRNA flu vaccine
candidates)

• Potential for personalized vaccines tailored to individual genetic profiles or tumor antigens

• Application in both prophylactic and therapeutic vaccine development (Cancer mRNA vaccines in
clinical trials)

Reverse Vaccinology for Targets

Computational Approaches
• Utilizes genomic and proteomic data to identify potential vaccine antigens through computational
analysis

• Bioinformatics tools predict protein localization, function, and potential immunogenicity

• Enables identification of both surface-exposed and non-surface-exposed antigens

• Integrates transcriptomics and proteomics data to refine antigen selection based on expression during
infection stages

Applications and Advantages
• Identifies conserved antigens across multiple strains or species for broadly protective vaccines

• Particularly useful for pathogens difficult to culture or manipulate in laboratory settings (Neisseria
meningitidis B vaccine)

• Successfully applied to bacterial pathogens and increasingly used for viral vaccine development

• Streamlines the antigen selection process, reducing time and resources in vaccine development

• Allows for rational design of multi-epitope vaccines targeting multiple viral proteins
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Therapeutic Vaccines for Viral Infections

Mechanisms and Strategies
• Stimulate or modulate the immune system to combat existing infections or diseases

• Enhance T cell responses, particularly cytotoxic T lymphocytes, to target virus-infected cells

• Incorporate checkpoint inhibitors or immunomodulatory molecules to overcome immune exhaustion
(PD-1/PD-L1 inhibitors in cancer immunotherapy)

• Combination approaches use therapeutic vaccines with antiviral drugs or immunotherapies (HIV
therapeutic vaccine candidates with antiretroviral therapy)

Applications and Challenges
• Show promise in treating chronic viral infections (HIV, hepatitis B, HPV therapeutic vaccines in clinical
trials)

• Personalized therapeutic vaccines tailored to individual viral strains or immune profiles

• Potential applications in cancer treatment targeting virus-associated cancers (HPV-related cancers)

• Challenges include overcoming established immune tolerance and viral genetic diversity

• Ongoing research focuses on optimizing antigen selection and delivery methods for maximum efficacy
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Unit 17 – Viral Evolution and Molecular
Epidemiology
17.1 Mechanisms of viral evolution and adaptation
Viruses evolve rapidly through genetic variation and natural selection. High mutation rates, especially in
RNA viruses, create diverse populations. Host immune responses and environmental factors like drugs
and vaccines drive adaptation. Viruses use strategies like antigenic drift to evade immunity.

Recombination and reassortment mix genetic material between viruses, creating new strains. These
processes can alter virulence and host range. Viruses also employ various immune evasion tactics, from
antigenic variation to interfering with host immune signaling, ensuring their survival and spread.

Viral Evolution and Adaptation

Genetic Variation and Selection
• Viral evolution primarily driven by genetic variation, natural selection, and environmental pressures
within host organisms

• High mutation rates in viruses contribute significantly to rapid evolution and adaptation

• Especially prevalent in RNA viruses (influenza, HIV)

• Error-prone viral polymerases generate diverse viral populations

• Genetic drift influences viral evolution

• Particularly important in small viral populations or during population bottlenecks

• Random changes in allele frequencies can lead to fixation of certain traits

• Host immune responses exert strong selective pressures on viral populations

• Drives the evolution of immune evasion mechanisms (antigenic drift in influenza)

• Shapes the viral epitope landscape over time

Environmental Factors and Adaptation
• Antiviral drugs and vaccines act as selective agents

• Can lead to emergence of drug-resistant variants (oseltamivir-resistant influenza strains)

• May result in vaccine-escape mutants (hepatitis B virus surface antigen mutations)

• Viral quasispecies allow for rapid adaptation to changing environments

• Cloud of closely related viral variants provides genetic flexibility

• Enables quick response to selective pressures (drug treatment, immune responses)

• Cross-species transmission events accelerate viral evolution

• Virus adapts to new host environment (SARS-CoV-2 adaptation to human ACE2 receptor)
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• Can lead to emergence of novel pathogens with altered virulence or transmissibility

Mutation Rates and Selection Pressures

Viral Mutation Dynamics
• Viral mutation rates vary widely between different virus types

• RNA viruses generally have higher mutation rates than DNA viruses

• Influenza virus mutation rate ~1 × 10^-5 mutations per nucleotide per replication cycle

• Herpes simplex virus mutation rate ~2 × 10^-8 mutations per nucleotide per replication cycle

• Error-prone viral polymerases contribute to high mutation rates

• Lack proofreading mechanisms in many RNA viruses

• Generate genetic diversity within viral populations

• Balance between mutation rate and genome size influences viral evolution

• Smaller genomes often associated with higher mutation rates

• Trade-off between genetic flexibility and maintenance of essential functions

Selection Pressures and Viral Fitness
• Positive selection favors beneficial mutations that increase viral fitness

• Enhanced replication efficiency

• Improved binding to host cell receptors

• Negative selection eliminates deleterious mutations

• Mutations disrupting essential viral functions

• Reduced viral fitness in the host environment

• Neutral mutations accumulate over time and contribute to genetic drift

• Do not affect viral fitness

• Can serve as molecular clock for studying viral evolution

• Host immune responses drive evolution of viral epitopes

• Selection for variants that escape antibody recognition

• T cell escape mutations in HIV

• Environmental factors shape viral populations

• Temperature (adaptation to different host body temperatures)

• pH (stability in different cellular compartments)

• Host cell availability (tissue tropism changes)
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Recombination and Reassortment in Viral Evolution

Mechanisms of Genetic Exchange
• Recombination exchanges genetic material between two different viral genomes

• Occurs during coinfection of a host cell

• Can involve homologous or non-homologous recombination

• Reassortment specific to segmented viruses

• Entire genome segments exchanged between different viral strains

• Common in influenza viruses, rotaviruses, and bunyaviruses

• Both processes lead to emergence of novel viral strains

• Can alter virulence, host range, or antigenic properties

• Potential for rapid adaptation to new environments

Evolutionary Implications
• Recombination facilitates repair of deleterious mutations

• Combines beneficial mutations from different viral lineages

• Increases genetic diversity within viral populations

• Reassortment events responsible for emergence of pandemic influenza strains

• 2009 H1N1 "swine flu" resulted from triple reassortment

• 1957 H2N2 and 1968 H3N2 pandemics caused by reassortment events

• Frequency and impact vary among different virus families

• Influenced by host factors (coinfection rates)

• Environmental conditions (viral stability, transmission routes)

• Accelerates viral evolution by creating new genetic combinations

• Rapid adaptation to changing environments

• Potential for expanded host range or altered pathogenicity

Viral Strategies for Immune Evasion

Antigenic Variation
• Antigenic drift involves gradual accumulation of mutations in viral surface proteins

• Alters recognition by host antibodies

• Common in influenza viruses (hemagglutinin and neuraminidase proteins)

• Antigenic shift results from reassortment events

• Leads to major changes in viral surface antigens
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• Primarily observed in influenza A viruses

• Can cause pandemics due to lack of population immunity

• Molecular mimicry employed by some viruses

• Viral proteins resemble host proteins to avoid immune detection

• Examples include Epstein-Barr virus and cytomegalovirus

Cellular and Molecular Evasion Mechanisms
• Downregulation of host cell MHC class I expression

• Evades recognition by cytotoxic T lymphocytes

• Employed by HIV and human cytomegalovirus

• Rapid replication and high mutation rates outpace host immune response

• Creates diverse population of viral variants

• Challenges development of effective adaptive immune responses

• Viruses encode proteins interfering with host immune signaling

• Inhibitors of interferon production or activity (influenza NS1 protein)

• Modulators of cytokine responses (poxvirus-encoded cytokine receptors)

• Latency and persistent infection strategies

• Allows viruses to remain dormant in host cells (herpes simplex virus)

• Evades immune detection and establishes long-term infections

• Can reactivate under conditions of immune suppression

17.2 Viral quasispecies and genetic diversity
Viral quasispecies are populations of related but diverse viral variants within a host. This genetic diversity,
driven by high mutation rates and large population sizes, allows viruses to rapidly adapt to changing
environments and evolve resistance to drugs and immune responses.

Understanding viral quasispecies is crucial for developing effective antiviral therapies and vaccines. It
explains why viruses can quickly overcome single-target treatments and highlights the need for
combination therapies and broad-spectrum approaches to combat viral infections.

Viral Quasispecies: Concept and Implications

Definition and Characteristics
• Viral quasispecies represents a population of genetically related but non-identical viral variants
coexisting within a single host or environment

• Emphasizes collective behavior of viral populations rather than individual genotypes

• Arises from high mutation rates, large population sizes, and short replication cycles characteristic of
many viruses (RNA viruses)
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• Allows viruses to rapidly adapt to changing environments through selection of pre-existing variants

• Contributes to viral fitness landscapes where different variants occupy distinct fitness peaks

• Significantly impacts viral pathogenesis, host range, and evolutionary potential

Evolutionary Dynamics
• Quasispecies structure enables exploration of vast sequence spaces within hosts

• Facilitates rapid accumulation of mutations and genetic variants over time

• Balances purifying selection (maintaining functional viral genomes) with positive selection (allowing
adaptive changes)

• Enables viruses to navigate complex fitness landscapes, potentially occupying multiple fitness peaks
simultaneously

• Provides a mechanism for viral populations to hedge against uncertain future environments

• Influences the long-term evolutionary trajectory of viral lineages

Genetic Diversity in Viral Populations

Mechanisms of Diversity Generation
• High mutation rates drive genetic diversity, especially in RNA viruses

• Error-prone viral RNA-dependent RNA polymerases lack proofreading capabilities

• Results in frequent nucleotide misincorporations during replication

• Large population sizes allow exploration of vast sequence spaces

• Billions of viral particles can be produced within a single host

• Increases the probability of generating advantageous mutations

• Short replication cycles enable rapid accumulation of mutations

• Many viruses complete their life cycle in hours, allowing for multiple generations per day

• Recombination and reassortment events contribute to genetic diversity

• Particularly important in segmented viruses (influenza)

• Allows for exchange of genetic material between different viral strains

Factors Influencing Diversity Maintenance
• Selection pressures from host immune responses shape viral populations

• Antibody and T-cell responses drive evolution of escape mutants

• Leads to dynamic changes in population composition over time

• Antiviral treatments exert strong selective pressures

• Can rapidly select for drug-resistant variants within the population

• Bottleneck events during transmission influence genetic diversity
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• Transmission between hosts can result in founder effects

• May reduce genetic diversity temporarily but also allow for rapid expansion of new variants

• Within-host compartmentalization affects local viral populations

• Different tissues or organs may harbor distinct viral subpopulations

• Contributes to overall diversity and complicates treatment strategies

Challenges of Quasispecies for Therapies

Drug and Vaccine Development Obstacles
• Quasispecies present moving targets for drug and vaccine development

• Dynamic nature of viral populations complicates design of stable therapeutics

• Pre-existing drug-resistant variants can rapidly emerge under selective pressure

• Even low-frequency resistant mutants can quickly become dominant

• Vaccines targeting specific epitopes may become ineffective

• Escape mutants selected from the quasispecies can evade vaccine-induced immunity

• Collective properties of quasispecies can result in unexpected phenotypes

• Behavior of the population may differ from individual variants

• Quasispecies dynamics complicate long-term efficacy predictions

• Evolutionary potential of viral populations makes it difficult to forecast treatment outcomes

Strategies for Addressing Quasispecies Challenges
• Development of broad-spectrum antivirals targets conserved viral features

• Aims to reduce the impact of genetic variability on drug efficacy

• Design of universal vaccines focuses on highly conserved epitopes

• Attempts to generate immunity effective against diverse viral variants

• Combination therapies target multiple viral functions simultaneously

• Raises the genetic barrier for resistance development

• Multi-epitope vaccines aim to induce broad immune responses

• Reduces the likelihood of complete immune escape

• Understanding quasispecies behavior informs treatment strategies

• Helps in predicting potential resistance pathways and designing preemptive measures

Quasispecies: Drug Resistance and Immune Escape

Mechanisms of Resistance and Escape
• Quasispecies structure provides a reservoir of genetic variants
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• Includes low-frequency mutants with potential drug resistance or immune escape mutations

• Selection pressure rapidly shifts populations towards resistant or escape variants

• Can occur within days or weeks of treatment initiation or immune response development

• Frequency of pre-existing resistant variants influences treatment failure rates

• Higher initial frequencies lead to faster emergence of resistance

• Immune escape variants emerge in response to antibody or T-cell pressures

• Can affect both natural immunity and vaccine-induced responses

• Epistatic interactions within quasispecies lead to compensatory mutations

• Restore viral fitness that may be compromised by resistance mutations

Monitoring and Management Strategies
• Quasispecies composition monitoring during treatment provides early detection

• Allows for identification of emerging resistant or escape variants before clinical failure

• Deep sequencing technologies enable detailed analysis of viral populations

• Can detect low-frequency variants that may become important under selection

• Stepwise accumulation of mutations facilitates high-level resistance or immune evasion

• Monitoring this process can inform treatment adjustments

• Combination therapies designed based on quasispecies understanding

• Target multiple steps in viral life cycle to minimize resistance development

• Proactive management of quasispecies evolution guides treatment decisions

• May involve switching therapies before clinical resistance manifests

• Population-level surveillance of viral quasispecies informs public health strategies

• Helps in predicting and preparing for emerging variants of concern

17.3 Molecular clock and phylogenetic analysis in virology
Molecular clocks and phylogenetic analysis are crucial tools in virology. They help us understand how
viruses evolve and spread over time, giving us a window into their past and present behavior.

These techniques allow scientists to track viral origins, estimate divergence times, and map transmission
patterns. By combining genetic data with geographical and temporal information, we can reconstruct the
evolutionary history of viruses and predict their future spread.

Molecular Clock in Virology

Concept and Applications
• Molecular clock hypothesis proposes genetic mutations accumulate at a relatively constant rate over
time
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• Allows estimation of evolutionary divergence times between species or viral strains

• Used in virology to estimate time of origin for viral lineages and rate of viral evolution

• Provides insights into historical patterns of viral spread and diversification

• Based on neutral theory assuming most genetic changes are selectively neutral and accumulate
steadily

• Applications include:

• Dating emergence of new viral strains

• Estimating time to most recent common ancestor (TMRCA) of viral populations

• Reconstructing evolutionary history of viral families (influenza viruses, coronaviruses)

Calibration and Models
• Calibration often involves using known historical events to anchor timeline of viral evolution

• Zoonotic transmissions (HIV-1 from chimpanzees to humans)

• Documented outbreaks (1918 influenza pandemic)

• Different genomic regions may evolve at different rates

• Necessitates use of relaxed clock models allowing variation in evolutionary rates

• Across lineages (fast-evolving RNA viruses vs. slow-evolving DNA viruses)

• Over time (changes in selective pressures or environmental conditions)

• Relaxed clock models include:

• Uncorrelated lognormal relaxed clock

• Random local clock model

Phylogenetic Analysis for Viral Evolution

Principles and Methods
• Constructs evolutionary trees (phylogenies) to infer relationships between viral strains or species

• Based on genetic sequence data (whole genomes, specific genes, protein sequences)

• Fundamental principle organisms or viruses with similar genetic sequences are more closely related
evolutionarily

• Multiple sequence alignment crucial step ensuring homologous positions in viral genomes compared
across strains

• Common methods for constructing phylogenetic trees:

• Distance-based methods (Neighbor-Joining, UPGMA)

• Maximum Parsimony (most parsimonious tree explaining observed genetic differences)

• Maximum Likelihood (tree with highest probability of producing observed data)
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• Bayesian Inference (posterior probability distribution of trees)

Model Selection and Statistical Analysis
• Model selection critical in phylogenetic analysis

• Different evolutionary models can significantly impact:

• Tree topology (branching pattern)

• Branch length estimates (amount of genetic change)

• Common evolutionary models:

• Jukes-Cantor (JC69)

• Kimura 2-parameter (K80)

• General Time Reversible (GTR)

• Statistical methods assess reliability and robustness of phylogenetic tree topologies:

• Bootstrap analysis (resampling with replacement)

• Approximate Likelihood Ratio Test (aLRT)

• Bayesian posterior probabilities

Interpreting Phylogenetic Trees

Tree Structure and Relationships
• Represent evolutionary relationships with branch lengths indicating:

• Amount of genetic change

• Time since divergence

• Topology reveals branching order of viral lineages

• Indicates which strains are more closely related

• Monophyletic groups (clades) represent all descendants of a common ancestor

• Indicate distinct viral lineages or transmission clusters

• Long branches may suggest:

• Rapid evolution

• Adaptation to new hosts

• Existence of unsampled intermediate strains

• Polytomies (multifurcations) can indicate:

• Simultaneous divergence events

• Insufficient genetic information to resolve branching order
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Geographic and Temporal Insights
• Geographic clustering of viral strains provides insights into:

• Spatial patterns of viral spread

• Potential barriers to transmission

• Reveals zoonotic origins of viral outbreaks

• Shows relationship between human and animal viral strains (SARS-CoV-2 and bat coronaviruses)

• Time-scaled phylogenies (chronograms) allow:

• Estimation of divergence times

• Reconstruction of temporal dynamics of viral evolution and spread

• Can identify introduction events of viruses into new geographic areas

Tracking Viral Spread with Phylogeny

Spatiotemporal Dynamics and Phylogeography
• Combines molecular clock and phylogenetic analyses

• Reconstructs spatiotemporal dynamics of viral outbreaks

• Includes timing and routes of transmission

• Bayesian phylogeographic methods infer:

• Geographic origins of viral lineages

• Spread patterns incorporating genetic and spatial information

• Estimates time of introduction of virus into new population or area

• Aids in identification of index cases and early transmission events

• Examples:

• Tracing the global spread of SARS-CoV-2 variants

• Reconstructing the origins and dispersal of Zika virus in the Americas

Phylodynamics and Real-time Analysis
• Phylodynamic approaches integrate:

• Epidemiological data

• Phylogenetic analysis

• Studies interplay between viral evolution and population-level disease dynamics

• Real-time phylogenetic analysis during ongoing outbreaks:

• Informs public health interventions

• Identifies emerging viral variants
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• Tracks transmission chains

• Comparative analysis of evolutionary rates across genomic regions:

• Reveals selective pressures on viral populations during outbreaks

• Identifies rapidly evolving regions (spike protein in SARS-CoV-2)

• Integration of host genetic data with viral phylogenies provides insights into:

• Host-pathogen coevolution

• Factors influencing viral adaptation to new hosts (receptor binding specificity)

17.4 Applications of molecular epidemiology in outbreak investigations
Molecular epidemiology combines genetic analysis with traditional outbreak investigation methods. It's like
having a super-powered microscope that reveals how viruses spread and change. This approach helps
scientists track outbreaks, identify new strains, and develop better ways to stop viruses in their tracks.

From Ebola to COVID-19, molecular epidemiology has been crucial in fighting viral threats. It allows
researchers to trace viral evolution, pinpoint outbreak sources, and guide public health responses. This
powerful tool is reshaping how we understand and combat infectious diseases.

Molecular Epidemiology for Viral Outbreaks

Integrating Molecular Biology with Epidemiology
• Molecular epidemiology combines molecular biology techniques with traditional epidemiological
methods to study disease distribution and determinants in populations

• Utilizes tools like PCR, DNA sequencing, and bioinformatics

• Integrates genetic data with clinical and demographic information

• Provides crucial information about pathogen genetic makeup during viral outbreak investigations

• Enables precise identification and characterization of causative agents

• Differentiates between viral strains and subtypes

• Tracks viral evolution and mutation rates

• Essential for understanding outbreak dynamics

• Predicts potential changes in virulence or transmissibility

• Monitors emergence of drug resistance

• Facilitates construction of phylogenetic trees

• Reveals genetic relationships between viral isolates

• Helps trace outbreak origin and spread patterns

• Identifies introduction events into new populations

Applications in Outbreak Management
• Differentiates between separate outbreaks and links seemingly unrelated cases
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• Particularly valuable when traditional epidemiological methods prove inconclusive

• Identifies common source outbreaks versus propagated person-to-person spread

• Informs public health interventions in real-time during outbreaks

• Guides containment strategies (quarantine, contact tracing)

• Assists in developing targeted diagnostic tests

• Supports vaccine strain selection and development

• Enables early detection of novel viral strains

• Identifies unique genetic signatures or significant genomic changes

• Provides insights into strain origin (zoonotic spillover, recombination)

• Facilitates risk assessment of emerging viral threats

• Evaluates potential for human-to-human transmission

• Assesses likelihood of geographical spread

• Informs pandemic preparedness efforts

Genetic Sequencing for Viral Tracing

Genomic Analysis Techniques
• Genetic sequencing provides detailed map of virus's genome

• Allows identification of specific strains and variants in an outbreak

• Techniques include Sanger sequencing and next-generation sequencing (NGS)

• Comparative genomic analysis reveals mutation patterns and genetic similarities

• Indicates potential transmission chains between patients

• Identifies genomic regions under selective pressure

• Molecular clock analysis estimates timing of viral divergence events

• Based on rate of genetic changes over time

• Helps pinpoint outbreak origin and reconstruct evolutionary history

• High-throughput sequencing detects minor genetic variants within viral populations

• Provides insights into transmission bottlenecks

• Reveals host adaptation processes

• Identifies quasispecies diversity

Integrating Genetic and Epidemiological Data
• Phylogeographic analysis combines genetic data with geographical information

• Maps spatial spread of viral lineages
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• Aids in identifying introduction events and transmission routes

• Visualizes outbreak dynamics across regions

• Integration of viral genetic data with host genomic information

• Reveals host-pathogen interactions

• Identifies factors influencing susceptibility or resistance to infection

• Supports personalized medicine approaches

• Network analysis of genetic similarities between viral isolates

• Identifies key transmission events in outbreak

• Pinpoints super-spreaders or hub patients

• Visualizes outbreak structure and progression

Monitoring Viral Evolution with Molecular Epidemiology

Surveillance of Emerging Variants
• Continuous genomic surveillance of circulating viruses

• Allows timely identification of emerging variants

• Detects variants with potential public health implications (increased transmissibility, immune escape)

• Comparative analysis of novel strains with known pathogens

• Provides insights into strain origin (zoonotic events, viral recombination)

• Assesses potential impact on diagnostics, therapeutics, and vaccines

• Integration of molecular data with clinical and epidemiological information

• Helps understand phenotypic characteristics of new strains

• Evaluates altered virulence, transmissibility, or clinical presentation

• Global sharing of genomic data through platforms (GISAID)

• Facilitates rapid, collaborative analysis of emerging strains

• Enables coordinated international response to viral threats

• Supports global viral surveillance efforts

Applications in Vaccine Development
• Monitors antigenic drift and shift in viruses (influenza)

• Informs vaccine composition decisions for upcoming seasons

• Tracks emergence of escape mutants

• Supports development of universal vaccine strategies

• Identifies conserved epitopes across viral strains
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• Guides design of broadly neutralizing antibodies

• Evaluates vaccine efficacy against circulating strains

• Detects vaccine breakthrough infections

• Informs need for vaccine updates or booster doses

Case Studies in Viral Outbreak Control

Ebola and Zika Outbreaks
• West African Ebola outbreak (2014-2016)

• Utilized real-time genomic sequencing to track viral evolution

• Informed containment strategies based on transmission patterns

• Revealed multiple introduction events and local transmission chains

• Zika virus epidemic in the Americas (2015-2016)

• Molecular epidemiology revealed virus origin and spread

• Aided understanding of sudden emergence and associated birth defects

• Tracked viral adaptations to new vector species

COVID-19 Pandemic Response
• Global response heavily relied on molecular epidemiology

• Identified and monitored variants of concern (Alpha, Delta, Omicron)

• Guided public health measures and vaccine development

• Enabled rapid detection of new variants through genomic surveillance

• Revealed patterns of international spread

• Traced initial introductions into countries

• Monitored effectiveness of travel restrictions

• Supported development and updating of diagnostic tests

• Ensured PCR and antigen tests remained effective as virus evolved

• Enabled distinction between reinfections and prolonged viral shedding

Other Notable Applications
• HIV transmission cluster investigations

• Instrumental in targeting prevention efforts

• Interrupted local transmission networks

• Identified drug-resistant strains

• Novel influenza strain identification and containment (H1N1 in 2009)
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• Demonstrated importance of molecular surveillance in pandemic preparedness

• Guided development of strain-specific vaccines

• MERS-CoV outbreak investigations

• Traced origin and spread in Middle East

• Linked human cases to dromedary camels as reservoir

• Informed strategies to reduce zoonotic transmission

• Poliovirus eradication efforts

• Distinguished between wild and vaccine-derived strains

• Guided targeted vaccination efforts

• Supported certification of polio-free regions
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Unit 18 – Viruses as Tools in Biotech &
Gene Therapy
18.1 Viral vectors for gene delivery and expression
Viral vectors are modified viruses engineered to deliver genes to target cells. They exploit viruses' natural
ability to infect and introduce genetic material into hosts. These vectors can carry foreign genes, are
designed to be replication-defective, and express transgenes under specific promoters.

Different viral vectors have unique advantages and drawbacks. Adenoviral vectors offer high efficiency but
elicit strong immune responses. AAV vectors provide long-term expression with low immunogenicity.
Retroviral and lentiviral vectors integrate into the host genome, offering stable expression but carrying risks
of insertional mutagenesis.

Viral vector characteristics for gene delivery

Structure and function of viral vectors
• Modified viruses engineered to deliver genetic material to target cells

• Exploit natural ability of viruses to infect and introduce genetic material into host cells

• Carry foreign genes with varying capacities (few kilobases to over 150 kilobases)

• Designed to be replication-defective for safe gene delivery without causing viral infection

• Express transgenes under control of specific promoters for regulated or tissue-specific expression

• Some vectors (retroviruses, lentiviruses) integrate genetic material into host genome for long-term
expression

Tropism and transduction efficiency
• Ability to infect specific cell types (tropism) varies among vector types

• Transduction efficiency differs between vector systems (adenoviral vectors offer high efficiency)

• Can infect dividing and/or non-dividing cells depending on vector type

• Packaging capacity impacts amount of genetic material that can be delivered

• Immunogenicity affects both efficiency of gene delivery and safety profile

Advantages vs disadvantages of viral vectors

Adenoviral and adeno-associated viral (AAV) vectors
• Adenoviral vectors:

• High transduction efficiency

• Infect both dividing and non-dividing cells

• Elicit strong immune responses
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• Provide only transient gene expression

• AAV vectors:

• Low immunogenicity

• Provide long-term gene expression

• Limited packaging capacity

• May require high doses for efficient transduction

Retroviral and lentiviral vectors
• Retroviral vectors:

• Integrate into host genome for stable gene expression

• Limited to infecting dividing cells

• Carry risk of insertional mutagenesis

• Lentiviral vectors:

• Infect both dividing and non-dividing cells

• Offer stable gene expression

• Carry risk of insertional mutagenesis

• Derived from HIV, raising safety concerns

Herpes simplex viral vectors and vector selection
• Herpes simplex viral vectors:

• Large packaging capacity

• Natural neurotropism suitable for nervous system gene delivery

• May have cytotoxic effects

• Provide only transient gene expression

• Vector selection depends on:

• Target cell type

• Desired duration of gene expression

• Packaging capacity requirements

• Safety considerations for specific application

Engineering viral vectors for gene delivery

Vector design and construction
• Remove pathogenic genes from viral genome

• Replace removed genes with desired therapeutic or experimental genes
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• Select appropriate viral backbone based on target cell type and expression profile

• Provide essential viral genes for packaging and infection on separate plasmids

• Clone transgene of interest into transfer plasmid with necessary viral elements

• Select promoters for controlling transgene expression (constitutive, inducible, tissue-specific)

Vector production and quality control
• Transfect producer cells with transfer plasmid and helper plasmids

• Harvest and purify resulting viral particles

• Implement quality control measures:

• Test for replication competence

• Assess vector titer

• Ensure safety and efficacy of engineered vectors

Choosing viral vectors for research or therapy

Target considerations and expression requirements
• Evaluate target cell type and tissue tropism of different vectors

• Assess desired duration of gene expression:

• Long-term expression for genetic disorders

• Transient expression for cancer therapy

• Consider size of transgene to be delivered and vector packaging capacity

• Examine immune status of recipient for potential pre-existing immunity

Delivery methods and safety considerations
• Evaluate route of administration (systemic vs local delivery)

• Assess safety profile:

• Risk of insertional mutagenesis (retroviral and lentiviral vectors)

• Potential for reversion to replication-competent forms

• Consider scalability and ease of production for research and therapeutic applications

• Evaluate potential for clinical translation and regulatory requirements

18.2 Applications of viruses in biotechnology and research
Viruses have become powerful tools in biotechnology and research. They're used as vectors for gene
therapy, helping deliver therapeutic genes to target cells. Scientists also employ viruses in cancer
treatment, protein engineering, and even nanotechnology.

Viral applications extend to gene expression and vaccine development. Researchers use viral vectors for
efficient gene delivery and promoters to drive strong expression. In vaccine creation, viruses serve as
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platforms for recombinant vaccines and as models for studying immune responses.

Viruses in Biotechnology

Gene Therapy and Protein Engineering
• Viruses serve as vectors for gene therapy to deliver therapeutic genes to target cells or tissues

• Adeno-associated viruses (AAV) used to treat hemophilia B

• Lentiviruses employed in CAR-T cell therapy for certain cancers

• Bacteriophages utilized in phage display technology for antibody and peptide engineering

• Selection of high-affinity antibodies against specific antigens

• Development of peptide-based drugs (enfuvirtide for HIV treatment)

• Viral-based biosensors developed for detecting molecules or pathogens

• Influenza virus-based sensors for detecting sialic acid on cell surfaces

• Bacteriophage-based sensors for detecting foodborne pathogens (E. coli, Salmonella)

Cancer Treatment and Nanotechnology
• Oncolytic viruses engineered to selectively target and destroy cancer cells

• Talimogene laherparepvec (T-VEC) approved for treating melanoma

• Adenovirus-based oncolytic viruses in clinical trials for various cancers

• Viruses employed in producing nanomaterials and nanodevices for medical applications

• Tobacco mosaic virus used as a template for creating nanowires

• Cowpea mosaic virus engineered to deliver drugs or imaging agents

• Viral capsids used as scaffolds for developing drug delivery systems

• Hepatitis B virus capsid for delivering chemotherapeutic agents

• Adenovirus capsid modified to target specific cell types

Evolutionary Studies and Bioinformatics
• Viruses play a crucial role in studying molecular evolution

• Rapid mutation rates of RNA viruses used to track evolutionary changes

• Bacteriophage experimental evolution studies to understand adaptation

• Viruses contribute to developing bioinformatics tools for sequence analysis

• Viral genome databases (GenBank, ViPR) for comparative genomics

• Alignment algorithms optimized for detecting viral recombination events
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Viral Applications for Gene Expression

Viral Vectors for Gene Delivery
• Viral vectors engineered to efficiently deliver genes into host cells

• Lentiviruses for stable integration of transgenes into dividing and non-dividing cells

• Adenoviruses for high-efficiency transient gene expression

• Baculovirus expression systems widely used for recombinant protein production

• High yields of complex proteins with post-translational modifications

• Production of virus-like particles for vaccine development (HPV vaccine)

Viral Promoters and Expression Systems
• Viral promoters utilized to drive strong gene expression in mammalian cells

• Cytomegalovirus (CMV) promoter for constitutive high-level expression

• Rous sarcoma virus (RSV) promoter for expression in a wide range of cell types

• Inducible viral expression systems allow precise regulation of gene expression

• Tetracycline-controlled transcriptional activation for on/off gene control

• Ecdysone-inducible system for dose-dependent gene expression

Cell Line Development and Genome Editing
• Viruses employed to generate induced pluripotent stem cells (iPSCs)

• Sendai virus vectors for delivering reprogramming factors (Oct4, Sox2, Klf4, c-Myc)

• Non-integrating adenovirus vectors for transient expression of reprogramming factors

• Viral vectors used to create stable cell lines for long-term gene expression

• Lentiviral vectors for integration of antibiotic resistance genes for selection

• Retroviral vectors for expressing fluorescent proteins in reporter cell lines

• CRISPR-Cas9 delivery using viral vectors enables efficient genome editing

• Adeno-associated virus (AAV) for in vivo gene editing in animal models

• Lentiviral vectors for multiplexed CRISPR screening in cell culture

Viruses in Vaccine Development

Live and Inactivated Viral Vaccines
• Attenuated live viral vaccines created by passaging viruses to reduce virulence

• Oral polio vaccine (OPV) developed through serial passage in non-human cells

• Measles vaccine attenuated by adaptation to chick embryo fibroblasts
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• Inactivated viral vaccines produced by chemical or physical treatment

• Formaldehyde-inactivated poliovirus for injectable polio vaccine (IPV)

• UV-inactivated influenza virus for intranasal vaccine development

Recombinant and Subunit Vaccines
• Viral vectors used as platforms for developing recombinant vaccines

• Adenovirus-vectored COVID-19 vaccines (Johnson & Johnson, AstraZeneca)

• Modified Vaccinia Ankara (MVA) vector for developing tuberculosis vaccines

• Virus-like particles (VLPs) employed as safe and immunogenic vaccine candidates

• HPV vaccines (Gardasil, Cervarix) based on L1 protein VLPs

• Hepatitis B virus surface antigen VLPs for hepatitis B vaccines

• Viral antigens expressed in various systems to produce subunit vaccines

• Recombinant hepatitis B surface antigen produced in yeast

• Influenza hemagglutinin produced in insect cells for seasonal flu vaccines

Advanced Vaccine Technologies
• Reverse genetics techniques allow rational design of viral vaccines

• Generation of reassortant influenza viruses for rapid vaccine production

• Attenuation of flaviviruses by introducing mutations in non-structural proteins

• Nucleic acid vaccines utilize viral sequences to induce immune responses

• mRNA vaccines encoding SARS-CoV-2 spike protein (Pfizer-BioNTech, Moderna)

• DNA vaccines for veterinary use (West Nile virus vaccine for horses)

Viruses as Models for Research

Molecular Biology and Cellular Processes
• Bacteriophages serve as model systems for fundamental molecular biology

• T4 phage studies revealing DNA as the genetic material

• Lambda phage for understanding gene regulation and DNA recombination

• Plant viruses used to study RNA silencing mechanisms and small RNAs

• Tobacco mosaic virus (TMV) for investigating post-transcriptional gene silencing

• Potato virus X (PVX) for studying virus-induced gene silencing in plants

• Animal viruses provide insights into cellular entry and trafficking

• Influenza virus for studying endocytosis and membrane fusion

• Vesicular stomatitis virus (VSV) for investigating intracellular transport
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Cancer Biology and Neuroscience
• Viral oncogenes and cellular homologs studied to elucidate cancer mechanisms

• Rous sarcoma virus (RSV) src gene leading to discovery of cellular proto-oncogenes

• Human papillomavirus (HPV) E6 and E7 proteins for understanding p53 and pRb pathways

• Neurotropic viruses employed to investigate neuronal processes

• Rabies virus for tracing neural circuits and synaptic connections

• Herpes simplex virus (HSV) for studying mechanisms of latency in neurons

Host-Pathogen Interactions and Cellular Responses
• Viruses causing persistent infections serve as models for immune evasion

• Hepatitis C virus (HCV) for studying innate immune evasion strategies

• Epstein-Barr virus (EBV) for investigating mechanisms of immune tolerance

• Viral systems used to explore cellular stress responses and cell death

• Influenza A virus for studying stress granule formation and regulation

• Vesicular stomatitis virus (VSV) for investigating autophagy induction during infection

18.3 Gene therapy approaches using viral vectors
Viral vectors are revolutionizing gene therapy, offering powerful tools to treat genetic disorders. These
modified viruses can deliver therapeutic genes to target cells, potentially curing diseases once thought
untreatable. However, challenges like immune responses and safety concerns remain.

Ex vivo and in vivo approaches provide different strategies for gene delivery. Viral vectors like AAVs,
adenoviruses, and lentiviruses each have unique advantages and limitations. As more therapies gain
approval, researchers work to overcome hurdles and expand the potential of this groundbreaking field.

Gene therapy: Definition and applications

Fundamentals of gene therapy
• Gene therapy introduces, removes, or alters genetic material within cells to treat or prevent disease

• Delivers therapeutic genes to target cells to correct genetic defects or provide new functions

• Potentially treats inherited disorders by replacing defective genes with functional copies (cystic
fibrosis, hemophilia)

• Addresses acquired diseases like HIV/AIDS by modifying immune cells to resist viral infection

• Utilizes gene editing technologies like CRISPR-Cas9 to precisely modify disease-causing genetic
mutations

Applications in disease treatment
• Cancer treatment involves introducing tumor-suppressor genes or enhancing immune response
against cancer cells
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• Neurodegenerative disorders (Parkinson's, Alzheimer's) targeted by delivering neuroprotective factors
or correcting genetic risk factors

• Cardiovascular diseases treated by promoting angiogenesis or improving heart muscle function after
injury

• Inherited blood disorders (sickle cell anemia, beta-thalassemia) addressed through modification of
hematopoietic stem cells

• Ocular diseases (Leber congenital amaurosis) targeted using localized gene delivery to retinal cells

Expanding therapeutic potential
• Gene therapy combines with other treatment modalities (immunotherapy, targeted drug delivery) for
enhanced efficacy

• Explores regenerative medicine applications by reprogramming cells to repair damaged tissues

• Investigates treatment of complex polygenic disorders by targeting multiple genes simultaneously

• Develops personalized gene therapies based on individual patient genetic profiles

• Explores gene therapy for enhancing human capabilities (improved cognitive function, increased
muscle mass)

Ex vivo vs in vivo gene therapy

Ex vivo gene therapy approach
• Modifies cells outside the body before reintroducing them to the patient

• Often uses retroviruses or lentiviruses to integrate therapeutic genes into isolated patient cells

• Commonly applied to hematopoietic stem cells for treating blood disorders (severe combined
immunodeficiency)

• Allows precise control over cell modification and screening before reintroduction

• Reduces off-target effects and improves safety through selective cell processing

• Enables genetic modification of specific cell populations (T cells for cancer immunotherapy)

• Faces challenges in maintaining cell viability and function during ex vivo manipulation

In vivo gene therapy approach
• Delivers genetic material directly into the patient's body

• Commonly employs adeno-associated viruses (AAVs) or adenoviruses for gene delivery

• Targets specific tissues when administered systemically (intravenous injection) or locally
(intramuscular injection)

• Offers potential for direct treatment of tissues difficult to access ex vivo (brain, muscle tissue)

• Allows for repeated administration of gene therapy vectors if needed

• Faces challenges in controlling specificity of gene delivery and managing immune responses
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• Requires careful consideration of vector tropism to ensure efficient targeting of desired tissues

Comparison and selection criteria
• Choice between ex vivo and in vivo approaches depends on target tissue, nature of genetic
modification, and safety considerations

• Ex vivo preferred for easily accessible cell types (blood cells) and when extensive cell manipulation
required

• In vivo favored for treating solid organs or when systemic delivery necessary

• Ex vivo offers greater control but involves more complex procedures and higher costs

• In vivo provides simpler administration but faces challenges in targeting efficiency and immune
responses

• Combination approaches explored for certain diseases (ex vivo modified cells used in conjunction with
in vivo gene delivery)

Viral vectors for gene therapy: Advantages and limitations

Adeno-associated viruses (AAVs)
• Offer long-term gene expression in both dividing and non-dividing cells

• Demonstrate low immunogenicity, reducing risk of adverse immune responses

• Limited packaging capacity (≤5 kb) restricts size of therapeutic genes

• Exist in multiple serotypes with different tissue tropisms, allowing targeted delivery

• Rarely integrate into host genome, reducing risk of insertional mutagenesis

• Face challenges in production scale-up and potential pre-existing immunity in some patients

Adenoviruses
• Carry larger genetic payloads (up to 36 kb) compared to AAVs

• Efficiently transduce many cell types, including both dividing and non-dividing cells

• Provide high-level but transient gene expression, suitable for short-term therapeutic needs

• May trigger strong immune responses, limiting repeated administration

• Offer potential for oncolytic therapy in cancer treatment (modified to selectively replicate in tumor
cells)

• Face challenges in overcoming pre-existing immunity and managing inflammatory responses

Lentiviruses and retroviruses
• Integrate into host genome for stable long-term expression

• Lentiviruses can infect non-dividing cells, expanding range of target tissues

• Carry moderate-sized genetic payloads (up to 8 kb)
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• Risk of insertional mutagenesis requires careful design and monitoring

• Commonly used in ex vivo gene therapy approaches (CAR-T cell therapy for cancer)

• Challenges include controlling integration sites and ensuring long-term safety

Herpes simplex virus (HSV) vectors
• Possess large packaging capacity (>100 kb), allowing delivery of multiple or large genes

• Exhibit natural neurotropism, making them suitable for treating neurological disorders

• Exist in both replication-competent and replication-defective forms for different applications

• May cause toxicity and have complex production processes

• Offer potential for long-term gene expression in neurons

• Face challenges in managing immune responses and achieving stable long-term expression in
non-neuronal tissues

Viral vector-based gene therapy: Current status and challenges

Regulatory approvals and clinical successes
• Several gene therapies using viral vectors received regulatory approval (Zolgensma for spinal
muscular atrophy, Luxturna for inherited retinal dystrophies)

• Successful clinical trials demonstrated potential in treating hemophilia, sickle cell disease, and various
immunodeficiencies

• Long-term follow-up studies provided valuable data on safety and durability of treatment effects

• CAR-T cell therapies using viral vectors showed remarkable success in treating certain blood cancers
(Kymriah, Yescarta)

• Gene replacement therapies for rare monogenic disorders demonstrated significant clinical benefits
(ADA-SCID, beta-thalassemia)

Ongoing challenges and limitations
• Achieving sufficient levels of gene transfer remains difficult for some target tissues

• Managing immune responses to viral vectors limits efficacy and repeatability of treatments

• Ensuring long-term safety requires extended patient monitoring and improved vector designs

• Occurrence of adverse events (leukemia in early X-SCID trials) led to improved safety protocols

• Scalability and manufacturing challenges affect translation of preclinical results to clinical trials

• High cost of gene therapies raises concerns about accessibility and healthcare system impact

Future directions and emerging solutions
• Development of novel vector designs to improve targeting and reduce immunogenicity

• Exploration of non-viral delivery methods (lipid nanoparticles, DNA/RNA-based vectors) as
alternatives
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• Integration of gene editing technologies (CRISPR) with viral vector delivery for enhanced precision

• Advancements in vector manufacturing processes to improve yield and reduce costs

• Investigation of redosing strategies to overcome limitations of single-dose treatments

• Addressing ethical considerations including germline modification concerns and equitable access

18.4 Safety considerations and challenges in viral vector use
Viral vectors are powerful tools in gene therapy, but they come with risks. Safety concerns include genetic
disruption, immune reactions, and unintended spread. Scientists work to minimize these dangers through
clever engineering and strict controls.

Regulatory bodies set guidelines for viral vector use, balancing potential benefits against risks. As
technology advances, researchers aim to create safer, more effective vectors. Challenges remain in
overcoming delivery limitations and ensuring long-term safety.

Risks and Safety of Viral Vectors

Genetic and Cellular Risks
• Insertional mutagenesis disrupts normal gene function or activates oncogenes when viral vectors
integrate into the host genome

• Off-target effects occur when viral vectors transduce unintended cell types or tissues leading to
unexpected physiological consequences

• Germline transmission of viral vector genetic material raises concerns about potential hereditary
modifications and long-term evolutionary impacts

• Recombination events between viral vectors and endogenous viruses could generate novel,
potentially harmful viral entities (chimeric viruses)

Immunological and Toxicity Concerns
• Immunogenicity of viral vectors triggers severe immune responses potentially leading to inflammation,
organ damage, or reduced therapeutic efficacy

• Dose-dependent toxicity manifests as cellular stress, metabolic disruption, or organ dysfunction when
viral vector concentrations exceed tolerable levels

• Examples: liver toxicity, neurotoxicity

• Pre-existing immunity to viral vectors can neutralize the therapy or cause severe immune reactions

• Example: neutralizing antibodies against adeno-associated virus (AAV) vectors

Viral Replication and Spread
• Viral vector replication competence poses a risk of uncontrolled viral spread and potential
pathogenicity in the host or environment

• Environmental shedding of viral vectors may lead to unintended exposure to others

• Examples: healthcare workers, family members

• Potential for viral vector evolution or mutation during production or after administration
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Minimizing Risks in Viral Vector Therapies

Vector Engineering Strategies
• Develop replication-deficient viral vectors by removing essential viral genes necessary for replication
and packaging them separately

• Create self-inactivating (SIN) vectors that lose their ability to produce full-length vector RNA after
integration reducing the risk of insertional mutagenesis

• Modify viral capsids or envelope proteins to enhance target cell specificity and reduce off-target
transduction

• Example: engineered AAV capsids for improved neuronal targeting

• Incorporate safety switch mechanisms such as suicide genes or inducible systems to allow controlled
elimination of transduced cells if necessary

• Examples: Herpes simplex virus thymidine kinase (HSV-TK), inducible caspase-9 (iCasp9) system

Expression Control and Targeting
• Implement tissue-specific or inducible promoters to restrict transgene expression to target cells or
control expression temporally

• Examples: tetracycline-inducible promoters, cell-type specific promoters (neuron-specific synapsin
promoter)

• Optimize vector design to minimize immunogenicity through the removal of viral antigens and the use
of less immunogenic serotypes

• Example: using AAV9 instead of AAV2 for reduced immunogenicity

• Employ novel production systems and purification techniques to enhance vector purity and reduce the
presence of replication-competent particles

• Examples: suspension cell culture systems, affinity chromatography purification

Regulatory and Ethical Considerations for Viral Vectors

Regulatory Guidelines and Standards
• Regulatory agencies (FDA and EMA) establish specific guidelines for the development,
manufacturing, and clinical testing of viral vector-based therapies

• Good Manufacturing Practice (GMP) standards ensure the quality, safety, and consistency of viral
vector production for clinical applications

• Examples: sterility testing, potency assays, genetic stability testing

• Preclinical safety studies assess biodistribution, germline transmission, and long-term follow-up before
initiating human clinical trials

• Examples: toxicology studies in animal models, integration site analysis
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Ethical Considerations in Gene Therapy
• Informed consent processes for gene therapy clinical trials address the unique risks and uncertainties
associated with viral vector use

• Balance the potential benefits of gene therapy against the risks, especially in pediatric or vulnerable
populations

• Example: weighing the risks of viral vector therapy against the severity of a genetic disorder

• Long-term patient monitoring and follow-up assess the safety and efficacy of viral vector-based
therapies over extended periods

• Example: 15-year follow-up studies for patients receiving retroviral gene therapy

• Ethical debates surrounding germline gene editing and the potential for enhancement rather than
treatment shape regulatory policies

• Examples: discussions on embryo editing, genetic enhancement for non-medical purposes

Challenges and Future Directions in Viral Vector Use

Advancing Vector Technologies
• Develop novel viral vector systems with improved safety profiles, increased payload capacity, and
enhanced target specificity

• Examples: engineered lentiviruses, novel AAV serotypes

• Implement gene editing technologies (CRISPR-Cas9) in conjunction with viral vectors to achieve more
precise genetic modifications

• Explore innovative manufacturing processes to increase viral vector production scale and reduce
costs for widespread clinical application

• Examples: suspension cell culture, perfusion bioreactors

Overcoming Delivery Limitations
• Advance non-viral delivery systems as alternatives to overcome the inherent limitations and risks
associated with viral vectors

• Examples: lipid nanoparticles, cell-penetrating peptides

• Investigate the potential of hybrid vector systems that combine the advantages of different viral and
non-viral delivery methods

• Example: AAV-liposome hybrids

• Address the challenges of pre-existing immunity to common viral vector serotypes through the
development of engineered capsids or alternative serotypes

• Example: AAV-DJ, a synthetic AAV serotype designed to evade neutralizing antibodies

Improving Long-term Safety and Efficacy
• Enhance understanding of the long-term effects and potential genotoxicity of viral vector integration to
improve risk assessment and mitigation strategies
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• Develop strategies to overcome immune responses to viral vectors and transgene products

• Examples: transient immunosuppression, tolerogenic nanoparticles

• Investigate methods to improve the persistence of gene expression in dividing cell populations

• Example: site-specific integration systems (PhiC31 integrase)



Fiveable archived study guides Page 261

Unit 19 – Viruses and Cancer –
Oncogenic Viruses
19.1 Mechanisms of virus-induced oncogenesis
Viruses can cause cancer through direct and indirect means. They mess with our cells' growth controls,
insert themselves into our DNA, and create proteins that interfere with normal processes. This can lead to
uncontrolled cell division and tumor formation.

Some viruses are sneaky and hide in our bodies for a long time. They can integrate into our genes or hang
out as separate bits of DNA. This long-term presence increases the chances of cancer developing over
time.

Viral Mechanisms of Oncogenesis

Direct and Indirect Oncogenic Mechanisms
• Viruses induce oncogenesis through direct and indirect mechanisms led to cellular transformation

• Insertional mutagenesis disrupts or activates genes involved in cell growth and division when viral
genetic material integrates into the host genome

• Viral oncoproteins interfere with cellular processes regulating cell growth, division, and apoptosis

• Chronic inflammation induced by viruses leads to oxidative stress and DNA damage contributed to
cellular transformation over time

• Modulation of host cell signaling pathways (PI3K/AKT and MAPK) promotes cell survival and
proliferation

• Epigenetic changes in host cells alter gene expression patterns potentially contributed to oncogenesis

• Viral-induced immune suppression impairs the body's ability to recognize and eliminate transformed
cells allowed for tumor development

Specific Oncogenic Mechanisms
• Activation of proto-oncogenes occurs through viral integration near these genes or through viral
protein interactions

• Inactivation of tumor suppressor genes happens when viral proteins bind to and inhibit their function
(p53, pRb)

• Disruption of cell cycle checkpoints allows infected cells to bypass normal growth arrest signals

• Interference with DNA repair mechanisms promotes genomic instability and accumulation of
mutations

• Alteration of cellular metabolism creates a favorable environment for rapid cell proliferation (Warburg
effect)

• Inhibition of apoptosis pathways prevents programmed cell death of transformed cells

• Promotion of angiogenesis supports tumor growth and metastasis (VEGF upregulation)
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Viral Integration and Cancer

Mechanisms of Viral Integration
• Viral integration into the host genome contributes to cancer development particularly in DNA viruses
and retroviruses

• Insertional mutagenesis occurs when viral sequences disrupt or activate host genes involved in cell
cycle regulation, apoptosis, or differentiation

• Integration site in the host genome proves crucial as integration near proto-oncogenes leads to their
activation or overexpression

• Viral promoters and enhancers drive aberrant expression of nearby host genes potentially led to
oncogenesis

• Formation of chimeric viral-cellular transcripts encodes fusion proteins with oncogenic properties

• Multiple integration events increase genomic instability and likelihood of cancer development over
time

• Integrated viral sequences persist in the host genome for extended periods served as a reservoir for
continued expression of viral oncoproteins

Consequences of Viral Integration
• Disruption of tumor suppressor genes occurs when viral integration inactivates or alters their
expression (p53, PTEN)

• Activation of cellular oncogenes happens through insertional mutagenesis or viral promoter-driven
overexpression (c-Myc, cyclin D)

• Altered gene regulation results from integration near regulatory elements or enhancers

• Chromosomal instability increases due to viral integration-induced structural changes

• Epigenetic modifications of the host genome occur near integration sites affected gene expression

• Persistent expression of viral oncogenes from integrated sequences maintains the transformed
phenotype

• Immune evasion strategies develop as integrated viruses may not produce complete viral particles
detected by the immune system

Viral Oncoproteins and Cell Growth

Oncoprotein Targets and Functions
• Viral oncoproteins target and inactivate tumor suppressor proteins (p53 and pRb) normally function to
prevent uncontrolled cell proliferation

• Activation or mimicking of cellular proto-oncogenes leads to constitutive activation of
growth-promoting signaling pathways

• Interference with cell cycle checkpoints allows cells to bypass normal growth arrest signals and
continue dividing
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• Promotion of genomic instability occurs by interfering with DNA repair mechanisms or inducing
chromosomal abnormalities

• Modulation of cellular metabolism promotes a metabolic state favoring rapid cell proliferation and
survival (increased glucose uptake, aerobic glycolysis)

• Interference with cellular senescence and apoptosis pathways allows transformed cells to evade
programmed cell death

• Alteration of cell adhesion and migration properties promotes invasive and metastatic behavior

Specific Viral Oncoprotein Examples
• HPV E6 and E7 proteins target p53 and pRb respectively disrupted normal cell cycle regulation

• EBV LMP1 protein mimics constitutively active CD40 receptor activated NF-κB and MAPK pathways

• HBV HBx protein interferes with p53 function and activates cellular signaling pathways
(Ras-Raf-MAPK)

• HTLV-1 Tax protein activates NF-κB and CREB transcription factors promoted cell proliferation and
survival

• KSHV vFLIP protein activates NF-κB pathway inhibited apoptosis and promoted cell survival

• Adenovirus E1A protein binds to pRb family members disrupted cell cycle control

• Merkel cell polyomavirus large T antigen inactivates pRb and p53 promoted cell cycle progression

Viral Latency and Cancer Development

Characteristics of Viral Latency
• Viral latency allows virus to persist in host cells without active replication evaded immune detection
and established long-term infection

• Viral genomes integrate into the host chromosome or persist as episomes during latency led to
long-term expression of viral oncoproteins

• Latent infections periodically reactivate causing cycles of infection and inflammation contributed to
tissue damage and increased cancer risk

• Limited set of viral genes expressed during latency maintains the latent state while promoting cell
survival and proliferation

• Extended persistence in the host increases cumulative risk of oncogenic events over time

• Transition from latency to lytic replication triggers cellular stress responses and DNA damage
potentially contributed to genomic instability and transformation

• Understanding viral latency mechanisms proves crucial for developing strategies to prevent or treat
virus-associated cancers as disrupting latency could eliminate the viral reservoir

Latency in Specific Oncogenic Viruses
• Epstein-Barr virus (EBV) establishes latency in B lymphocytes expressed limited viral genes (EBNA1,
LMP1, LMP2A) promoted cell survival
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• Kaposi's sarcoma-associated herpesvirus (KSHV) maintains latency in endothelial cells and B cells
expressed LANA protein tethered viral genome to host chromosomes

• Human papillomavirus (HPV) establishes latent infection in basal epithelial cells maintained low-level
expression of E6 and E7 oncoproteins

• Hepatitis B virus (HBV) achieves latency through covalently closed circular DNA (cccDNA) in
hepatocytes served as a template for viral reactivation

• Human T-cell lymphotropic virus (HTLV-1) maintains latency in CD4+ T cells expressed Tax and HBZ
proteins promoted T-cell proliferation

• Merkel cell polyomavirus (MCPyV) establishes latency in Merkel cells expressed truncated large T
antigen maintained the transformed phenotype

• Adenovirus can establish latent infection in lymphoid tissues expressed limited viral genes evaded
immune detection

19.2 Major human oncogenic viruses and associated cancers
Viruses can cause cancer by hijacking our cells. Some major culprits include HPV, EBV, HBV, and
HTLV-1. These sneaky invaders mess with our DNA and cell signaling, leading to uncontrolled growth.

Each virus has its favorite targets. HPV goes for cervical cells, EBV attacks lymphocytes, HBV hits the
liver, and HTLV-1 infects T-cells. Understanding how they spread and who's at risk helps us fight back
against these cancer-causing troublemakers.

Oncogenic Viruses

Major Human Oncogenic Viruses
• Human papillomavirus (HPV) consists of double-stranded DNA belonging to Papillomaviridae family

• Over 200 types identified

• Approximately 40 types can infect the genital tract

• Epstein-Barr virus (EBV) comprises double-stranded DNA virus of Herpesviridae family

• Also known as human herpesvirus 4

• Infects B lymphocytes and epithelial cells

• Hepatitis B virus (HBV) contains partially double-stranded DNA of Hepadnaviridae family

• Primarily infects hepatocytes in the liver

• Human T-cell leukemia virus type 1 (HTLV-1) encompasses single-stranded RNA retrovirus

• Mainly infects CD4+ T lymphocytes

Additional Oncogenic Viruses and Mechanisms
• Other notable oncogenic viruses include hepatitis C virus (HCV), Kaposi's sarcoma-associated
herpesvirus (KSHV), and Merkel cell polyomavirus (MCPyV)

• Viruses induce cellular transformation through various mechanisms

• Expression of viral oncoproteins (E6 and E7 in HPV)
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• Integration into the host genome (HBV)

• Manipulation of cellular signaling pathways (NF-κB activation by HTLV-1)

Cancer Types Associated with Viruses

HPV-Associated Cancers
• Cervical cancer serves as primary cancer associated with HPV

• High-risk HPV types 16 and 18 cause approximately 70% of cervical cancer cases worldwide

• Other HPV-related cancers include:

• Anogenital cancers (anal, vulvar, vaginal, penile)

• Oropharyngeal cancers

EBV-Associated Cancers
• Various lymphomas linked to EBV:

• Burkitt's lymphoma

• Hodgkin's lymphoma

• Diffuse large B-cell lymphoma

• Nasopharyngeal carcinoma strongly associated with EBV

• Subset of gastric carcinomas, particularly in Asia, linked to EBV infection

HBV and HCV-Associated Cancers
• Hepatocellular carcinoma (HCC) represents major cancer caused by HBV

• Chronic HBV infection significantly increases HCC risk

• Cirrhosis often precedes HCC development

• HCV also causes hepatocellular carcinoma

• Associated with some B-cell lymphomas

HTLV-1-Associated Cancers
• Adult T-cell leukemia/lymphoma (ATLL) caused by HTLV-1

• Rare and aggressive form of blood cancer

• HTLV-1 also associated with neurological condition called HTLV-1-associated myelopathy/tropical
spastic paraparesis (HAM/TSP)

Epidemiology of Virus-Associated Cancers

Global Burden and Distribution
• Virus-associated cancers account for 15-20% of all human cancers worldwide
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• Significant variations in prevalence across geographic regions

• HPV-associated cancers have high global burden

• Cervical cancer ranks as fourth most common cancer in women worldwide

• Particularly affects low- and middle-income countries

• EBV infection ubiquitous with over 90% of adults worldwide seropositive

• EBV-associated cancers show distinct geographic patterns

• Burkitt's lymphoma endemic in equatorial Africa

• Nasopharyngeal carcinoma highly incident in Southern China and Southeast Asia

Prevalence of Specific Virus-Associated Cancers
• Chronic HBV infection affects approximately 257 million people globally

• Highest prevalence in Western Pacific and African regions

• HBV-related hepatocellular carcinoma accounts for significant proportion of liver cancer cases

• HTLV-1 infection endemic in certain geographic areas

• Southwestern Japan, Caribbean, parts of South America and Africa

• Lifetime risk of developing ATLL in HTLV-1 carriers estimated at 2-7%

Factors Influencing Global Burden
• Vaccination coverage impacts virus-associated cancer prevalence (HPV vaccine)

• Screening programs affect early detection and prevention (cervical cancer screening)

• Access to healthcare leads to disparities between developed and developing countries

• Environmental and lifestyle factors contribute to regional variations in cancer incidence

Risk Factors for Oncogenic Viruses

Transmission Routes
• Sexual transmission serves as primary route for HPV

• Risk factors include multiple sexual partners, early sexual debut, unprotected sexual activity

• Vertical transmission from mother to child during childbirth possible but less common

• EBV primarily transmitted through saliva ("kissing disease")

• Can also spread through blood and organ transplantation

• HBV transmitted through blood, bodily fluids, and vertical transmission

• HTLV-1 spread through breast milk, sexual contact, blood transfusions, and sharing contaminated
needles

• Prolonged breastfeeding (>6 months) significantly increases risk of mother-to-child transmission
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Co-factors and Environmental Risks
• Co-infection with HIV increases risk of developing virus-associated cancers due to
immunosuppression

• Behavioral and environmental factors act as co-factors in virus-induced carcinogenesis

• Alcohol consumption

• Smoking

• Exposure to certain chemicals (aflatoxin for HBV-related HCC)

• Genetic susceptibility influences development of virus-associated cancers (EBV-related
nasopharyngeal carcinoma)

• Immunosuppression increases risk of virus-associated cancers (post-transplant lymphoproliferative
disorders)

19.3 Viral oncoproteins and their cellular targets
Viral oncoproteins are key players in cancer development. These proteins, encoded by viruses like HPV
and EBV, lack enzymatic activity but interact with cellular proteins to drive uncontrolled cell growth and
survival.

By targeting tumor suppressors, modulating signaling pathways, and interfering with DNA repair, viral
oncoproteins promote genomic instability and enhance cell survival. Their unique properties make them
promising targets for developing specific cancer therapies with minimal side effects.

Viral oncoprotein structure and function

Key characteristics of viral oncoproteins
• Viral oncoproteins contribute to cellular transformation and cancer development

• Typically lack enzymatic activity

• Function by interacting with and altering cellular proteins

• Encoded by oncogenic viruses (HPV, EBV, HBV)

HPV oncoproteins E6 and E7
• E6 forms complex with E3 ubiquitin ligase E6AP

• Targets tumor suppressor p53 for degradation

• Activates telomerase

• Disrupts cell-cell adhesion

• E7 structurally similar to adenovirus E1A and SV40 large T antigen

• Binds and inactivates retinoblastoma protein (pRb)

• Releases E2F transcription factors

• Promotes cell cycle progression
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EBV and HBV oncoproteins
• EBV LMP1 transmembrane protein mimics active CD40 receptor

• Activates NF-κB, JNK, p38 MAPK signaling pathways

• EBV EBNA1 essential for viral genome maintenance

• Binds viral DNA and tethers episome to host chromosomes

• Ensures equal distribution during cell division

• HBV HBx multifunctional transcriptional activator

• Modulates various cellular signaling pathways

• Interacts with p53

• Affects DNA repair mechanisms

Oncoprotein interactions with cellular proteins

Targeting tumor suppressors
• Inactivate critical regulators like p53 and pRb

• Disrupts cell cycle checkpoints and apoptosis

• Promotes uncontrolled cell division and survival

• Recruit ubiquitin ligases to mark tumor suppressors for degradation

• Reduces cellular levels of tumor suppressors (p53)

Modulating signaling pathways
• Activate pro-survival signaling cascades

• PI3K/AKT pathway

• MAPK pathway

• Upregulate anti-apoptotic proteins (Bcl-2 family)

• Downregulate pro-apoptotic factors

• Modulate cyclin-dependent kinases (CDKs) and inhibitors

• Promotes cell cycle progression

• Bypasses normal growth control mechanisms

Interfering with DNA repair
• Bind and inhibit function of DNA repair proteins

• Leads to increased genomic instability

• Allow cells with DNA damage to bypass checkpoints

• Continued division of cells with mutations
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Oncoprotein role in cell growth and survival

Promoting genomic instability
• Interfere with DNA repair mechanisms

• Accumulation of mutations over time

• Chromosomal abnormalities develop

• Inactivate p53 allowing damaged cells to divide

• Induce centrosome amplification (HPV E6/E7)

• Abnormal mitotic spindle formation

• Chromosomal missegregation

• Aneuploidy

Enhancing cell survival
• Activate anti-apoptotic pathways

• Inhibit pro-apoptotic factors

• Allow genetically abnormal cells to evade cell death

• Drive excessive cell proliferation

• Hallmark of cancer development

Promoting tumor progression
• Induce expression of matrix metalloproteinases (MMPs)

• Promotes angiogenesis

• Facilitates metastasis

• Upregulate factors that enhance tumor growth

• Vascular endothelial growth factor (VEGF)

• Epidermal growth factor receptor (EGFR)

Viral oncoproteins as therapeutic targets

Advantages as drug targets
• Foreign origin absent in normal cells

• Potential for highly specific treatments

• Minimal side effects on healthy tissue

Small molecule inhibitors
• Disrupt viral oncoprotein-cellular protein interactions
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• E6-E6AP interaction

• E7-pRb interaction

• Competitive binding to inhibit oncogenic effects

Immunotherapy approaches
• Therapeutic vaccines targeting oncoprotein-expressing cells

• Adoptive T cell therapies specific for viral antigens

• Chimeric antigen receptor (CAR) T cells

Genetic targeting strategies
• RNA interference (RNAi) to silence viral oncogenes

• CRISPR-Cas9 gene editing to eliminate oncogenes

• Exploiting synthetic lethality relationships

Combination therapies
• Target multiple viral oncoproteins simultaneously

• Combine oncoprotein-targeted and conventional treatments

• Potential for synergistic effects

• Reduced risk of resistance development

19.4 Prevention and treatment strategies for virus-associated cancers
Viruses can cause cancer by hijacking cells and messing with their DNA. Scientists have come up with
clever ways to stop this from happening. They've created vaccines that teach our bodies to fight off
cancer-causing viruses before they can do harm.

But what if you already have a virus-linked cancer? Don't worry, there are still options. Doctors use special
tests to catch these cancers early, when they're easier to treat. They also have a bunch of treatments up
their sleeves, from surgery to drugs that target the virus itself.

Vaccines for Oncogenic Virus Infections

HPV and HBV Vaccines
• Prophylactic vaccines stimulate the immune system to produce antibodies against specific viral
antigens preventing infection and subsequent cancer development

• HPV vaccine targets high-risk HPV types (16, 18) associated with cervical, anal, and oropharyngeal
cancers

• Most effective when administered before sexual debut

• Protects against multiple cancer types (cervical, anal, oropharyngeal)

• HBV vaccine prevents hepatitis B virus infection a major risk factor for hepatocellular carcinoma
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• Administered as a series of shots over several months

• Significantly reduces liver cancer risk in vaccinated populations

Vaccine Technology and Efficacy
• HPV and HBV vaccines utilize recombinant DNA technology to produce virus-like particles (VLPs)

• VLPs mimic the structure of viruses without containing infectious genetic material

• Elicit strong immune responses without risk of infection

• Vaccine efficacy measured by reduction in infection rates and cancer incidence in vaccinated
populations

• Comparison to unvaccinated controls provides data on effectiveness

• Long-term studies track cancer incidence reduction over decades

• Herd immunity achieved with high vaccination coverage

• Indirectly protects unvaccinated individuals by reducing overall virus circulation

• Requires sustained high vaccination rates in population (typically >80%)

Ongoing Research and Future Directions
• Research focuses on developing vaccines for other oncogenic viruses

• Epstein-Barr virus (EBV) associated with various lymphomas and nasopharyngeal carcinoma

• Human herpesvirus 8 (HHV-8) linked to Kaposi's sarcoma

• Exploration of therapeutic vaccines for existing infections

• Aim to boost immune response against virus-infected cells

• Potential to prevent cancer development in already infected individuals

• Investigation of novel adjuvants and delivery systems

• Enhance vaccine efficacy and duration of protection

• Improve stability for use in resource-limited settings

Screening and Early Detection

Screening Programs and Methods
• Screening programs detect precancerous lesions or early-stage cancers before symptoms appear

• Improves treatment outcomes and survival rates

• Enables less invasive treatment options

• Cervical cancer screening through Pap smears and HPV testing

• Identifies HPV-related cervical abnormalities before progression to cancer

• Recommended intervals vary based on age and previous results (typically every 3-5 years)
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• Hepatocellular carcinoma screening in high-risk individuals

• Regular ultrasound examinations (every 6-12 months)

• Alpha-fetoprotein (AFP) blood tests as complementary marker

• High-risk groups include those with chronic HBV or HCV infection cirrhosis

Advanced Diagnostic Techniques
• Molecular diagnostic techniques detect viral genetic material in tissue samples

• Polymerase chain reaction (PCR) amplifies specific viral DNA sequences

• Next-generation sequencing provides comprehensive analysis of viral genomes

• Biomarker discovery and validation for improved screening methods

• Circulating tumor DNA (ctDNA) in blood samples

• MicroRNA profiles specific to virus-associated cancers

• Proteomics approaches to identify novel protein markers

• Imaging technologies for early detection

• Advanced MRI techniques for detecting small liver lesions

• PET-CT scans for identifying metabolically active tumors

Public Health Strategies
• Public health education and awareness campaigns promote screening participation

• Target at-risk populations with culturally appropriate messages

• Utilize social media and community outreach programs

• Early symptom recognition education in at-risk populations

• Teach warning signs specific to different virus-associated cancers

• Encourage prompt medical consultation for suspicious symptoms

• Implementation of organized screening programs

• Centralized invitation and recall systems

• Quality assurance measures to ensure consistent high-quality screening

• Addressing barriers to screening access

• Mobile screening units for rural or underserved areas

• Financial assistance programs for uninsured or underinsured individuals

Treatment Options for Virus-Associated Cancers

Multidisciplinary Treatment Approaches
• Treatment strategies involve multidisciplinary approach combining various modalities
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• Oncologists, surgeons, radiologists, and other specialists collaborate

• Tailored treatment plans based on individual patient factors

• Surgical resection remains primary treatment option for many solid tumors

• Aims to remove cancerous tissue while preserving organ function

• Examples include hepatectomy for liver cancer, hysterectomy for cervical cancer

• Radiation therapy utilizes ionizing radiation to damage cancer cell DNA

• External beam radiation therapy (EBRT) delivers radiation from outside the body

• Brachytherapy involves placing radioactive sources directly in or near the tumor

Systemic and Targeted Therapies
• Chemotherapy drugs target rapidly dividing cells

• Administered systemically or regionally to treat localized and metastatic disease

• Common agents include cisplatin, 5-fluorouracil, and doxorubicin

• Targeted therapies exploit specific molecular characteristics of cancer cells

• Tyrosine kinase inhibitors (sorafenib for hepatocellular carcinoma)

• Monoclonal antibodies (bevacizumab for cervical cancer)

• Combination therapies integrate multiple treatment modalities

• Chemoradiation for locally advanced cervical cancer

• Neoadjuvant chemotherapy followed by surgery for resectable liver tumors

Treatment Selection and Ongoing Research
• Treatment selection based on multiple factors

• Cancer type and stage

• Viral etiology (HPV, HBV, EBV)

• Patient characteristics (age, comorbidities)

• Molecular profiling of the tumor (genetic mutations, biomarkers)

• Ongoing clinical trials evaluate novel treatment strategies

• Immunotherapy combinations for virus-associated cancers

• Targeted therapies against virus-specific oncoproteins

• Nanoparticle-based drug delivery systems for improved efficacy

• Quality of life considerations in treatment planning

• Balancing efficacy with side effect profiles

• Incorporating patient preferences and goals of care
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Antiviral Agents vs Immunotherapies

Antiviral Strategies
• Antiviral agents suppress viral replication

• Potential to slow cancer progression or prevent recurrence

• Examples include nucleoside/nucleotide analogues for HBV-related liver cancer

• Direct-acting antivirals (DAAs) for hepatitis C virus show promise

• Reduce risk of hepatocellular carcinoma in patients with chronic HCV infection

• High cure rates (>95%) with modern DAA regimens

• Combination antiviral approaches

• Targeting multiple stages of viral life cycle

• Reducing risk of antiviral resistance development

Immunotherapy Approaches
• Immunotherapies harness immune system to recognize and eliminate cancer cells

• Particularly relevant to virus-associated cancers due to immunogenic nature

• Viral antigens serve as potential targets for immune recognition

• Immune checkpoint inhibitors reactivate exhausted T cells

• PD-1/PD-L1 blockers (pembrolizumab, nivolumab)

• CTLA-4 inhibitors (ipilimumab)

• Shown efficacy in subset of virus-associated cancers (Merkel cell carcinoma, some HPV-related
cancers)

• Adoptive cell therapies investigated for targeting virus-specific antigens

• CAR-T cells engineered to recognize viral proteins

• Tumor-infiltrating lymphocytes (TILs) expanded ex vivo and reinfused

Combination Approaches and Future Directions
• Combination of antiviral agents with immunotherapies explored

• Potential synergistic effects by reducing viral load and enhancing immune response

• Clinical trials ongoing for HBV-related hepatocellular carcinoma

• Therapeutic vaccines aim to stimulate immune system against viral antigens

• HPV-associated cancers (VGX-3100 for cervical precancers)

• EBV-associated cancers (EBV-specific T-cell therapies)

• Biomarker development crucial for optimizing treatment selection
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• Viral load measurements to guide antiviral therapy

• Immune cell profiling to predict immunotherapy response

• Tumor mutational burden and microsatellite instability status
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Unit 20 – Virology Frontiers: Research &
Future
20.1 Advanced techniques in virus detection and characterization
Advanced techniques in virus detection and characterization are revolutionizing how we study and combat
viral infections. From PCR-based methods to high-throughput screening, these tools offer unprecedented
sensitivity and speed in identifying pathogens.

Next-generation sequencing has transformed viral genomics, enabling rapid analysis of entire viral
communities. These advancements are crucial for tracking outbreaks, discovering new viruses, and
developing targeted therapies, shaping the future of virology research and public health responses.

Advancements in Viral Detection

PCR-Based Technologies
• Real-time PCR and digital PCR technologies improved sensitivity and specificity of viral detection
allowing accurate quantification of viral load in clinical samples

• Multiplex PCR assays enable simultaneous detection of multiple viral pathogens in a single reaction
increasing diagnostic efficiency and reducing costs

• CRISPR-based diagnostic tools (SHERLOCK and DETECTR) offer rapid and highly specific detection
of viral nucleic acids with potential for point-of-care applications

• SHERLOCK uses Cas13 to detect RNA or DNA targets

• DETECTR employs Cas12 for DNA detection

Advanced Imaging and Screening Techniques
• Microarray technologies allow large-scale screening of multiple viral pathogens facilitating
broad-spectrum virus detection in complex biological samples (blood, tissue, environmental samples)

• Advanced imaging techniques provide unprecedented insights into viral structure and host-pathogen
interactions at the molecular level

• Super-resolution microscopy enables visualization of viral particles with nanometer-scale resolution

• Cryo-electron microscopy allows structural determination of viral proteins in their native state

Emerging Detection Platforms
• Biosensors and nanotechnology-based approaches offer rapid, sensitive, and portable platforms for
viral detection with potential applications in resource-limited settings

• Graphene-based biosensors can detect viral antigens with high sensitivity

• Gold nanoparticles used in colorimetric assays for visual detection of viral nucleic acids

• Mass spectrometry-based viral proteomics enables comprehensive characterization of viral proteins
and their modifications aiding in the development of targeted therapies and vaccines
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• MALDI-TOF MS used for rapid identification of viral strains

• LC-MS/MS employed for quantitative analysis of viral protein expression

High-Throughput Virus Characterization

Automated Screening and Analysis
• High-content screening (HCS) combines automated microscopy with image analysis algorithms to
rapidly assess viral infection dynamics and host cell responses in large-scale experiments

• Allows simultaneous measurement of multiple parameters (cell viability, viral protein expression,
cellular morphology)

• Microfluidic devices and lab-on-a-chip technologies enable miniaturized, high-throughput viral assays
for rapid screening of antiviral compounds and characterization of viral properties

• Droplet-based microfluidics used for single-virus encapsulation and analysis

• Organ-on-a-chip models facilitate study of virus-host interactions in physiologically relevant systems

• Automated plaque assays and focus-forming assays utilize robotic systems and image analysis
software to quantify viral infectivity and assess antiviral efficacy in a high-throughput manner

• Automated liquid handling systems increase throughput and reduce human error

• Machine learning algorithms employed for accurate plaque counting and size measurement

Single-Cell and Genetic Screening Approaches
• Single-cell RNA sequencing (scRNA-seq) allows detailed analysis of host cell responses to viral
infection at the individual cell level revealing heterogeneity in infection outcomes

• Identifies subpopulations of cells with distinct transcriptional profiles during infection

• Enables tracking of infection progression in different cell types over time

• CRISPR-based genetic screens enable systematic interrogation of host factors involved in viral
replication and pathogenesis accelerating the identification of potential therapeutic targets

• Genome-wide CRISPR knockout screens identify essential host genes for viral entry and replication

• CRISPR activation screens reveal host factors that restrict viral infection

Advanced Viral Characterization Methods
• Viral metagenomics employs next-generation sequencing to characterize entire viral communities in
complex environmental or clinical samples facilitating the discovery of novel viruses

• Enables detection of both known and unknown viruses without prior knowledge of their sequences

• Useful for identifying emerging viral threats and understanding viral ecology

• High-throughput neutralization assays using pseudotyped viruses or reporter viruses allow rapid
evaluation of antibody responses and vaccine efficacy against multiple viral strains

• Pseudotyped viruses with luciferase reporters enable quantitative measurement of neutralization

• Multiplex assays assess cross-reactivity of antibodies against diverse viral variants
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Next-Generation Sequencing in Viral Genomics

Comprehensive Genomic Analysis
• Whole-genome sequencing of viruses using next-generation sequencing (NGS) technologies enables
rapid and comprehensive characterization of viral genetic diversity and evolution

• Illumina sequencing platforms widely used for high-throughput viral genome sequencing

• Nanopore sequencing allows real-time analysis of viral genomes during outbreaks

• NGS-based approaches facilitate detection and characterization of viral quasispecies providing
insights into intra-host viral population dynamics and drug resistance

• Deep sequencing reveals low-frequency variants within viral populations

• Helps track the emergence of drug-resistant mutants during antiviral treatment

Advanced Sequencing Applications
• Metagenomic sequencing allows unbiased detection of known and novel viruses in clinical and
environmental samples supporting outbreak investigations and virus discovery efforts

• Shotgun metagenomics used for broad-spectrum virus detection in complex samples

• Targeted capture approaches enrich for viral sequences in samples with low viral abundance

• Targeted sequencing approaches enable focused analysis of specific viral genomic regions for
mutation detection and strain identification

• Amplicon sequencing commonly used for SARS-CoV-2 variant surveillance

• Multiplex PCR-based approaches allow simultaneous sequencing of multiple viral targets

• Long-read sequencing technologies offer advantages in resolving complex viral genomic structures
and detecting structural variations

• Oxford Nanopore sequencing enables real-time analysis of viral genomes during outbreaks

• PacBio sequencing useful for characterizing viral genome rearrangements and large
insertions/deletions

Bioinformatics and Data Integration
• NGS data analysis pipelines incorporating advanced bioinformatics tools are essential for accurate
genome assembly, variant calling, and phylogenetic analysis of viral sequences

• De novo assembly algorithms reconstruct viral genomes without reference sequences

• Machine learning approaches improve accuracy of variant calling in viral populations

• Integration of viral genomic data with epidemiological and clinical information enables real-time
tracking of viral transmission patterns and emergence of new variants during outbreaks

• Phylodynamic analysis combines genomic and epidemiological data to infer transmission dynamics

• Web-based platforms (Nextstrain) facilitate real-time visualization of viral evolution and spread
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Challenges and Future Directions in Virus Detection

Technological Challenges
• Improving sensitivity and specificity of viral detection methods for low-abundance or highly divergent
viruses remains a significant challenge in clinical and environmental settings

• Development of ultra-sensitive PCR techniques (digital droplet PCR)

• Exploration of novel molecular amplification methods (LAMP, RPA)

• Addressing computational challenges associated with big data analysis in viral genomics and
epidemiology requires development of scalable and efficient bioinformatics tools and infrastructure

• Cloud-based computing platforms for distributed analysis of large genomic datasets

• Machine learning algorithms for improved variant calling and genome assembly

Standardization and Integration
• Development of standardized protocols and quality control measures for NGS-based viral genomics
crucial for ensuring reproducibility and comparability of results across different laboratories

• Establishment of reference materials and proficiency testing programs

• Implementation of minimum information standards for viral genomics data reporting

• Integration of multi-omics data (genomics, transcriptomics, proteomics, and metabolomics) presents
challenges in data analysis and interpretation but offers more comprehensive understanding of
virus-host interactions

• Development of integrated bioinformatics pipelines for multi-omics data analysis

• Machine learning approaches for integrating heterogeneous data types

Ethical Considerations and Emerging Technologies
• Ethical considerations and data privacy concerns in viral genomics and epidemiology necessitate
establishment of robust frameworks for data sharing and protection of sensitive information

• Implementation of secure data sharing platforms with controlled access

• Development of privacy-preserving genomic analysis techniques

• Emerging technologies hold promise for revolutionizing virus detection and characterization but
require further development and validation

• Quantum sensing for ultra-sensitive virus detection

• Artificial intelligence-driven approaches for predicting viral evolution and outbreak dynamics

• Adapting advanced virus detection and characterization techniques for use in resource-limited settings
and during emergency situations remains an important goal for global health preparedness

• Development of portable, battery-operated sequencing devices

• Creation of user-friendly bioinformatics tools for field-based analysis
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20.2 Synthetic virology and genome engineering
Synthetic virology is revolutionizing viral research and medical applications. Scientists can now design,
build, and modify viral genomes, opening doors to faster vaccine development, innovative gene therapies,
and deeper insights into viral biology. This cutting-edge field combines molecular biology, genetics, and
bioinformatics to manipulate viral genetic material.

As exciting as it is, synthetic virology comes with risks. Creating enhanced pathogens, even accidentally,
poses biosafety threats. Balancing scientific progress with security concerns is crucial. Strict protocols,
built-in safety features, and international collaboration help mitigate risks while advancing this
groundbreaking field.

Principles and applications of synthetic virology

Fundamentals of synthetic virology
• Synthetic virology involves designing, constructing, and modifying viral genomes to create novel
viruses or alter existing ones for research or therapeutic purposes

• Combines principles from molecular biology, genetics, bioinformatics, and virology to manipulate viral
genetic material

• Reverse genetics systems enable generating viruses from cloned cDNA, allowing precise genetic
modifications and study of viral gene functions

• Concept of minimal viral genomes identifies and engineers essential genes required for viral
replication and function

• Relies heavily on advanced DNA synthesis and assembly methods (Gibson assembly, yeast-based
recombination systems)

Applications and techniques
• Vaccine development accelerates creation of new vaccines against viral diseases

• Gene therapy vectors deliver therapeutic genes to target cells

• Oncolytic virotherapy uses engineered viruses to selectively target and destroy cancer cells

• Creation of attenuated viruses for research purposes enhances understanding of viral biology

• Resurrection of extinct viruses provides insights into viral evolution and past pandemics

• Creation of chimeric viruses allows study of viral evolution and host-pathogen interactions

• Site-directed mutagenesis introduces specific mutations to study gene function or alter viral properties

Advanced tools and emerging technologies
• CRISPR-Cas9 technology enables precise and efficient editing of viral DNA and RNA genomes

• Next-generation sequencing verifies engineered viral genomes and detects unintended mutations

• Bioinformatics tools design synthetic viral genomes, predict protein structures, and analyze genomic
data
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• In vitro transcription and electroporation introduce engineered viral RNA genomes into host cells for
virus recovery

Tools and techniques for viral genome engineering

Genome modification methods
• Site-directed mutagenesis introduces specific mutations into viral genomes to study gene function or
alter viral properties

• CRISPR-Cas9 technology enables precise and efficient editing of viral DNA and RNA genomes
(deletion of viral genes, insertion of reporter genes)

• Recombineering techniques (lambda Red recombination) facilitate large-scale modifications of viral
genomes in bacterial artificial chromosomes (BACs)

• In vitro transcription and electroporation methods introduce engineered viral RNA genomes into host
cells for virus recovery

Viral vectors and delivery systems
• Viral vectors (lentiviruses, adeno-associated viruses) engineered to deliver genetic material to target
cells for gene therapy and other applications

• Lentiviral vectors provide stable, long-term gene expression in dividing and non-dividing cells

• Adeno-associated virus (AAV) vectors offer low immunogenicity and tissue-specific targeting
capabilities

• Non-viral delivery systems (lipid nanoparticles, polymeric carriers) developed as alternatives to viral
vectors

Analytical and computational tools
• Next-generation sequencing technologies verify engineered viral genomes and detect unintended
mutations or recombination events

• Bioinformatics tools and software design synthetic viral genomes, predict protein structures, and
analyze large-scale genomic data

• Structural biology techniques (X-ray crystallography, cryo-EM) elucidate viral protein structures for
rational design of modifications

• High-throughput screening methods assess the functional properties of engineered viruses (infectivity,
tropism, immunogenicity)

Benefits and risks of synthetic virology research

Potential benefits
• Accelerated vaccine development reduces time from pathogen identification to vaccine availability
(mRNA vaccines)

• Improved understanding of viral pathogenesis enhances knowledge of disease mechanisms

• Novel therapeutic approaches for genetic diseases and cancer (gene therapy, oncolytic virotherapy)
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• Rapid response to emerging viral threats facilitates creation of vaccine candidates and antiviral
strategies

• Fundamental research on viral evolution and host-pathogen interactions advances virology field

• Study of minimal genetic requirements for viral replication provides insights into basic viral biology

Associated risks and challenges
• Potential creation of enhanced pathogens, accidentally or intentionally, poses biosafety and
biosecurity threats

• Possibility of synthetic viruses escaping containment raises significant safety concerns

• Unintended ecological consequences may arise from release of engineered viruses into environment
(disruption of natural ecosystems)

• Dual-use nature of synthetic virology research presents challenges in balancing scientific progress
with national security concerns

• Potential misuse of technology for bioterrorism or creation of biological weapons

• Unforeseen interactions between engineered viruses and host organisms may lead to unexpected
outcomes

Risk mitigation strategies
• Implementation of robust biosafety protocols and containment measures in research facilities

• Development of built-in safety features for engineered viruses (conditional replication, self-destruct
mechanisms)

• Continuous monitoring and surveillance of synthetic virology research projects

• International collaboration and information sharing to enhance global preparedness for potential risks

• Education and training programs for researchers on responsible conduct in synthetic virology

Ethical considerations and regulatory frameworks for synthetic virology

Ethical debates and principles
• Appropriate limits of genetic manipulation debated within scientific community and society

• Responsible innovation emphasizes need for scientists to consider societal implications and potential
risks of their research

• Balancing scientific progress with public safety and national security concerns

• Ethical considerations in resurrecting extinct viruses or creating novel pathogens

• Transparency and open communication within scientific community and with public maintain trust and
address concerns

Regulatory frameworks and guidelines
• NIH Guidelines for Research Involving Recombinant or Synthetic Nucleic Acid Molecules govern
conduct of synthetic virology research in many countries
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• Biological Weapons Convention aims to prevent development of biological weapons while allowing
legitimate scientific research

• Biosafety levels (BSL-1 to BSL-4) and containment practices ensure safe handling of engineered
viruses in laboratory settings

• Dual Use Research of Concern (DURC) policies require careful review and oversight of potentially
misusable experiments

• International agreements and export control regulations govern transfer of synthetic biology
technologies and materials

Governance and oversight mechanisms
• Institutional Biosafety Committees (IBCs) review and approve synthetic virology research protocols

• National and international advisory bodies provide guidance on emerging ethical and regulatory
issues

• Funding agencies implement specific requirements for synthetic virology grant applications

• Scientific journals establish guidelines for publication of synthetic virology research findings

• Public engagement and stakeholder involvement in policy-making processes related to synthetic
virology

20.3 Systems virology and computational approaches
Systems virology combines virology, biology, and computation to study viral infections holistically. It uses
high-tech tools to generate big datasets, aiming to understand complex virus-host interactions and
emergent properties that can't be seen by looking at individual parts alone.

This approach uses network analysis to find key players in virus-host interactions and models infection
dynamics over time. It helps predict viral behavior, host responses, and potential treatments based on
integrated data analysis, pushing the boundaries of virology research.

Systems virology principles

Interdisciplinary approach and goals
• Systems virology combines virology, systems biology, and computational biology to study viral
infections holistically

• Aims to understand complex interactions between viruses and host cells, including dynamic changes
in cellular networks during infection

• Employs high-throughput technologies to generate large-scale datasets (genomics, transcriptomics,
proteomics, metabolomics)

• Studies emergent properties arising from complex virus-host interactions, which cannot be understood
by examining individual components alone

• Example: Synergistic effects of multiple viral proteins on host cell signaling

• Example: Emergent patterns in viral evolution due to host immune pressure
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Network analysis and temporal dynamics
• Network analysis identifies critical nodes and pathways in virus-host interactions

• Example: Identifying hub proteins in host-pathogen protein-protein interaction networks

• Example: Mapping viral protein interactions with host cellular machinery

• Temporal dynamics of viral infections studied using time-series experiments and mathematical
modeling

• Captures progression of infection from initial entry to viral replication and host response

• Example: Modeling the kinetics of influenza virus replication in lung epithelial cells over 48 hours

• Predicts viral behavior, host responses, and potential intervention strategies based on integrated data
analysis

• Example: Forecasting the spread of a novel virus in a population based on its genomic sequence and
initial transmission data

Computational modeling of virus-host interactions

Mathematical representations and simulation techniques
• Creates mathematical representations of viral infection processes and host immune responses

• Agent-based models simulate individual virus particles and host cells to study infection dynamics

• Example: Modeling the spread of HIV in a population of CD4+ T cells

• Example: Simulating the movement and interactions of viruses within a host cell

• Ordinary differential equation (ODE) models describe kinetics of viral replication and immune
responses over time

• Example: Modeling the dynamics of hepatitis C virus infection and clearance in the liver

• , where V is virus concentration, I is infected cell count, p is virus production rate, and c
is clearance rate

Machine learning and bioinformatics applications
• Machine learning algorithms predict virus-host protein interactions and identify potential drug targets

• Neural networks and support vector machines used for classification and prediction tasks

• Example: Predicting binding sites of viral proteins on host cell receptors

• Bioinformatics tools analyze large-scale genomic and proteomic data to identify patterns in virus-host
interactions

• Example: Identifying conserved sequence motifs in viral genomes across multiple strains

• Network inference algorithms reconstruct regulatory networks involved in viral infections and host
immune responses

• Example: Inferring gene regulatory networks activated during interferon response to viral infection
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In silico experimentation and hypothesis testing
• Enables in silico experiments to test hypotheses and guide wet-lab experiments

• Reduces time and resources required for research

• Example: Simulating the effects of different antiviral compounds on viral replication before conducting
laboratory tests

• Facilitates parameter estimation and sensitivity analysis for biological models

• Example: Determining the most critical factors influencing viral transmission rates in a population
model

Systems biology for antiviral drug discovery

Network-based approaches and virtual screening
• Network pharmacology uses protein-protein interaction networks to identify novel drug targets

• Aims to disrupt viral replication or enhance host immune responses

• Example: Identifying host proteins that interact with multiple viral proteins as potential broad-spectrum
antiviral targets

• Virtual screening techniques coupled with systems-level data predict efficacy of compound libraries

• Example: Screening millions of compounds in silico for binding affinity to viral protease enzymes

• Pathway analysis understands impact of antiviral drugs on host cellular processes

• Identifies potential off-target effects

• Example: Analyzing the effect of a viral entry inhibitor on host cell membrane trafficking pathways

Drug repurposing and combination therapy strategies
• Systems-level drug repurposing analyzes existing drugs' effects on host-virus interaction networks

• Identifies new antiviral applications for approved drugs

• Example: Repurposing the malaria drug chloroquine for potential use against SARS-CoV-2

• Combination therapy design utilizes systems approaches to predict synergistic drug effects

• Optimizes dosing strategies for multiple drugs

• Example: Designing a triple-drug combination therapy for HIV treatment based on network analysis of
viral resistance mechanisms

• Pharmacogenomics integrates genomic data with systems biology to predict individual treatment
responses

• Guides personalized medicine approaches in antiviral therapy

• Example: Predicting hepatitis C treatment efficacy based on host genetic variants and viral genotype
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Omics data integration in systems virology

Multi-omics integration techniques
• Combines data from genomics, transcriptomics, proteomics, and metabolomics for comprehensive
view of virus-host interactions

• Data integration techniques identify patterns across different omics datasets

• Multi-layer network analysis and tensor factorization used to integrate diverse data types

• Example: Integrating transcriptomics and proteomics data to identify post-transcriptional regulation
during viral infection

• Integration of host and viral omics data identifies key molecular events in viral pathogenesis and host
immune responses

• Leads to new hypotheses and potential therapeutic targets

• Example: Identifying host factors required for viral replication by integrating viral-host protein
interaction data with host transcriptomics

Specific omics approaches in virology
• Transcriptomics reveals host gene expression changes during viral infection

• RNA-seq and microarray studies crucial for understanding cellular responses

• Example: Profiling gene expression changes in lung epithelial cells during influenza virus infection

• Proteomics identifies changes in protein abundance and post-translational modifications

• Mass spectrometry-based techniques used to study protein-level changes

• Example: Quantifying changes in phosphorylation of host signaling proteins during herpesvirus
infection

• Metabolomics provides insights into alterations in cellular metabolism during viral infections

• Reveals potential metabolic targets for antiviral therapies

• Example: Identifying metabolic pathways upregulated in hepatocytes during hepatitis B virus
replication

• Epigenomics uncovers how viruses manipulate host gene regulation

• DNA methylation and histone modification analyses used to study epigenetic changes

• Example: Mapping changes in histone acetylation patterns in host cells infected with human
papillomavirus

20.4 Emerging areas and future challenges in virology research
Virology research is evolving rapidly, with next-gen tech and advanced techniques reshaping our
understanding of viruses. From AI-powered predictions to single-cell analysis, these tools are unlocking
new ways to fight viral infections and develop therapies.

Climate change is shaking up the viral landscape, altering vector distributions and sparking new outbreaks.
Meanwhile, the hunt for broad-spectrum antivirals faces hurdles due to viral diversity and complex
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mechanisms. Teamwork across disciplines is key to tackling these emerging challenges.

Emerging Trends in Virology Research

Next-Generation Technologies
• Next-generation sequencing technologies revolutionize virus discovery and characterization

• Enable rapid identification of novel viruses and genetic variations

• Provide high-throughput analysis of viral genomes

• Examples: Illumina sequencing, Oxford Nanopore technologies

• CRISPR-Cas systems utilized for precise viral genome editing and antiviral therapy development

• Offer new approaches to combat viral infections

• Allow targeted modification of viral genes

• Applications include disabling viral replication and creating attenuated vaccine strains

• Artificial intelligence and machine learning algorithms applied in virology

• Predict viral evolution and drug resistance

• Forecast potential pandemic threats

• Examples: Neural networks for protein structure prediction, random forest models for outbreak
prediction

Advanced Analytical Techniques
• Single-cell virology techniques provide unprecedented insights into virus-host interactions

• Reveal heterogeneity in viral infections at individual cell level

• Enable study of rare cell populations during infection

• Methods include single-cell RNA sequencing and flow cytometry

• Viral vector-based gene therapies emerge as promising approaches for genetic disorders and cancer

• Utilize modified viruses to deliver therapeutic genes

• Examples: Adeno-associated virus (AAV) vectors for hemophilia treatment, oncolytic viruses for
melanoma

• Human virome study gains importance in understanding health and disease

• Explores impact of viral communities on human physiology

• Implications for personalized medicine and microbiome-based therapies

• Includes analysis of bacteriophages and endogenous retroviruses

Structural and Molecular Virology Advancements
• Advances in structural virology enhance understanding of viral structures

• Cryo-electron microscopy reveals high-resolution viral architectures
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• Informs rational drug design and vaccine development

• Examples: Atomic-level structures of SARS-CoV-2 spike protein, influenza hemagglutinin

Climate Change and Viral Emergence

Geographical and Environmental Impacts
• Climate change alters geographical distribution of viral vectors

• Introduces viruses to new regions and populations

• Examples: Expansion of Aedes mosquitoes carrying Zika and dengue viruses

• Rising temperatures and changing precipitation patterns affect viral dynamics

• Increase frequency and severity of outbreaks

• Alter viral replication rates and transmission cycles

• Example: Extended West Nile virus transmission season in warmer climates

• Thawing permafrost in Arctic regions may release ancient viruses

• Poses potential risks to human and animal health

• Examples: Discovery of 30,000-year-old giant virus in Siberian permafrost

Ecological Disruptions and Zoonotic Spillover
• Climate-induced changes in animal migration and habitat loss increase human-wildlife contact

• Facilitates zoonotic virus spillover events

• Examples: Bat migration changes leading to Nipah virus outbreaks

• Extreme weather events disrupt healthcare infrastructure and vector control efforts

• Hamper ability to respond to viral outbreaks

• Examples: Hurricane damage to medical facilities, flooding disrupting mosquito control programs

• Changes in global food production and water availability impact human susceptibility to viral infections

• Malnutrition and compromised immune systems increase vulnerability

• Examples: Drought-induced malnutrition increasing susceptibility to rotavirus infections

Viral Evolution and Adaptation
• Interplay between climate change and viral evolution may lead to new viral strains

• Altered virulence or host range in emerging variants

• Examples: Temperature-dependent evolution of avian influenza viruses

• Climate-driven changes in ecosystems affect virus-host interactions

• Shift balance between viruses and their natural reservoirs

• Examples: Warming temperatures altering bat-virus dynamics in cave ecosystems
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Challenges of Broad-Spectrum Antivirals

Genetic Diversity and Viral Targets
• High genetic diversity and rapid mutation rates of viruses pose obstacles

• Complicate development of antivirals effective against multiple viral families or strains

• Examples: RNA viruses like influenza and HIV with high mutation rates

• Identifying conserved viral targets across different virus types proves challenging

• Essential viral processes often highly specific to individual virus families

• Examples: Differences in replication machinery between DNA and RNA viruses

• Targeting host factors involved in viral replication presents potential broad-spectrum strategy

• Risks causing unintended side effects due to interference with normal cellular processes

• Examples: Cyclophilin inhibitors affecting both viral replication and host immune function

Mechanistic Complexities
• Varying mechanisms of viral entry, replication, and assembly complicate universal antiviral design

• Different virus types utilize diverse cellular pathways

• Examples: Enveloped viruses (influenza) vs. non-enveloped viruses (norovirus) entry mechanisms

• Overcoming viral resistance mechanisms presents major hurdle

• Resistance strategies differ significantly between virus families

• Examples: HIV drug resistance through protease mutations, influenza neuraminidase inhibitor
resistance

Development and Economic Challenges
• Balancing antiviral efficacy with safety and tolerability across diverse populations

• Requires extensive clinical testing and pharmacovigilance

• Examples: Ribavirin's varying efficacy and side effect profiles in different viral infections

• Economic feasibility of broad-spectrum antiviral development complicated by extensive research
needs

• Uncertain market potential due to unpredictable nature of viral outbreaks

• Examples: High development costs for new antivirals vs. potential limited use during non-epidemic
periods

Interdisciplinary Collaboration in Virology

Climate Science and Data Analytics Integration
• Collaboration between virologists and climate scientists essential for predicting viral ecology changes
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• Mitigate impact of climate change on viral emergence

• Examples: Modeling mosquito-borne virus distribution under various climate scenarios

• Integration of data science, bioinformatics, and virology crucial for leveraging big data

• Enhance virus research and surveillance capabilities

• Examples: Machine learning algorithms for predicting zoonotic spillover events, genomic databases
for tracking viral evolution

Biomedical and Immunological Partnerships
• Partnerships between virologists and immunologists vital for novel vaccine development

• Create immunotherapies against emerging viral threats

• Examples: mRNA vaccine platforms, broadly neutralizing antibody therapies

• Collaboration between virologists and structural biologists enables targeted antiviral drug design

• Utilize detailed understanding of viral molecular structures

• Examples: Structure-based design of protease inhibitors for hepatitis C virus

Public Health and Policy Engagement
• Interdisciplinary teams involving virologists, epidemiologists, and social scientists necessary for
effective outbreak strategies

• Develop comprehensive public health approaches

• Examples: Integrating behavioral interventions with vaccination campaigns

• Cooperation between virologists and bioengineers drives diagnostic and drug delivery innovations

• Advance technologies for viral infection management

• Examples: CRISPR-based rapid diagnostics, nanoparticle-based antiviral delivery systems

• Engagement between virologists and policymakers crucial for translating scientific findings

• Develop effective public health policies and pandemic preparedness plans

• Examples: One Health initiatives linking animal, human, and environmental health policies


