
Viral Pathogenesis: Virus Interaction with 
the cell and the whole organisms



Studying the biology of an infected cell is a useful first step in 
understanding what kind of pathology the virus will cause in 
the host. 

Some virus infections kill the cell rapidly, producing a burst of 
new particles (cytopathic viruses), while other infections result 
in the release of virus particles without causing immediate host 
cell death (noncytopathic viruses). 

Alternatively, some infections neither kill the cell, nor produce 
any progeny, but rather remain dormant or become abortive 
infections .

Patterns of Infection



Patterns of infection:

Cytopathic

Non Cytopathic

Abortive

Patterns of Infection



Cytopathic effect (CPE): morphological alterations of 

infected cells that occur both in the host and in cell cultures 

in vitro; these are characteristic of different virus groups 

and are useful in diagnostic laboratories.

Many viruses also have the ability to inhibit the synthesis of 

cellular macromolecules (shut-off), and this prevents the 

cell from repairing the damage caused by the virus.

Effects of the virus on cells



Effects of the virus on cells

The cytopathic effect can be represented by: 

a rounding of the cells followed by lysis 

formation of giant multinucleated cells (syncytia) due to the 

presence of virus-specific fusion proteins (e.g., 

paramyxoviruses, herpesviruses, some retroviruses)

formation of aggregates of viral components and/or altered 

cellular structures in the nucleus or cytoplasm of the cell 

(inclusions).



Cytopathic effect CPE



CPE

In alcuni casi si osserva fusione 
tra le cellule con formazione di 
sincizi (frecce),

La formazione di sincizi facilita la 
transmissione del virus alle 
cellule circostanti. 

proteine virali ad attività fusogena

pH-indipendente (es: paramyxovirus)



The penetration of the virus into the cell generates a new entity: 

the infected cell.

Cellular infection can lead to three distinct outcomes (which depend on the 

type of virus and the type of cell):

• death of the cell (cytocidal infections) due to a lytic event

• latent or chronic infection

• transformation

Effects of the virus on cells



Possible fates of a virus infected cell 



Is the disease the outcome of all
viral infections? 

Virus specific disease outcomes are driven by differences in viral 
replication cycles, modes of transmission, tissue tropism, 
interactions with the host immune response etc.

Due to differences in host genetics, host immune status, viral 
dose, or route of inoculation, infection with the same virus may 
result in varied disease outcomes in different individuals



Viral Infections

Some viruses can replicate without causing apparent symptoms = 
asymptomatic infections

Other viruses can lead to diseases ranging from paucisymptomatic 
to mild-moderate symptoms, critical illness, multiorgan failure, 
and lethality



Determinants of Viral Disease

Direct effect of the virus: 
cytopathogenic attitude (cell lysis)
transformation

Indirect effect: 
Immunopathology (excessive immune response, 
inflammation, cytokine storm, 
immunocomplexes, lesions caused by T cell
responses)



Determinants of Viral Disease



Viral Pathogenesis

Viral, host, and environmental factors may contribute to shaping 
infection outcome





Latent infection

Patterns of infection and disease progression

Acute infection

Chronic Infection

Recovery

(or death)

Persistent

infections



La maggior parte delle infezioni virali si estingue con la

guarigione e la scomparsa del virus dall’organismo

Il sistema immunitario, una volta attivato, è in grado di

eliminare il virus con efficacia

Il virus non è più rilevabile, se non in caso di eventuale re-

infezione.

Immunità efficace e spesso duratura

Talvolta continua più a lungo la replicazione nei «siti di

immunoprivilegio»

Infezioni acute non persistenti



In altri casi l’infezione, dopo la fase acuta può diventare

persistente, e durare anche per tutta la vita.

Il sistema immunitario non è in grado di eradicare

l’infezione

- Cronica 

- Latente

- A lento decorso (es. Encefalite subacuta scelrosante da 

morbillo)

Infezioni persistenti



Sono caratterizzate dalla continua presenza del virus

che continua a essere prodotto, anche dopo la fase

acuta, in genere a livelli molto più bassi e per lungo

tempo, compatibili con la sopravvivenza dell’ospite.

Esempi classici: virus dell’epatite C, HIV, HBV

I danni per l’ospite sono tipicamente da accumulo

(immunodeplezione, autoimmunità, infiammazione

cronica, oncogenesi)

Infezioni croniche



- Il genoma del virus permane sotto forma di acido nucleico

integrato nel genoma cellulare o è presente in forma

episomica.

- L’espressione genica è drasticamente ridotta e non si ha la

produzione di particelle virali complete

- Esempio cardine: Herpesviridae

- In condizioni di immuno-soppressione, il virus può “risvegliarsi” e

iniziare un nuovo ciclo di replicazione produttiva (recidiva), che di

norma si conclude a sua volta con una ulteriore fase di latenza.

Latenza Virologica:



No single mechanism is responsible for establishing a persistent viral infection. 
However, when viral cytopathic effects are minimized, and host defenses are 
suppressed, a persistent infection is likely.

The pattern of infection and the cell fate may vary for the same virus depending
on the infected cell (i.e. apoptosis or IFN response could be blocked in certain
tissues by viral functions not in other tissues... Persistence vs non persistence)



Viral Pathogenesis

Three main requirements for viral infection

Infectious dose (enough virus to sustain replication)

Cells accessible, susceptible, permissive

Local antiviral defense overcome



Viral tissue tropism and host range

Receptor/co-receptor Interactions:
HIV gp120 interactions with CD4 and subsequent viral tropism for these cells, directly 
contributes to disease pathogenesis 
Moreover, HIV co-receptor interaction further illustrates the importance in driving viral 
pathogenesis. Interaction with CCR5 or CXCR4 leads to viral fusion. A small subset of 
individuals has a nonfunctional form of CCR5 (CCR532), and these individuals are
highly resistant to HIV infection

Zoonotic viruses: for the successful transition from the natural host to humans a 
zoonotic virus must either interact with receptors conserved between species or 
mutate (eg. Avian influenza, SARS-CoV)

Viral tropism is defined as the capacity of a virus to infect specific cells, tissues, and 
species. It depends on both viral and cellular characteristics—with the presence of 
the cognate receptors for viral attachment molecules being of undeniable 
importance



McFadden, G., et al. Nat Rev Immunol 9, 645–655 (2009).

Viral tropism

24



Viral tropism is a determinant of the 
resulting pathology



Skin, mucus, tears, low 
pH, surface cleansing

Host defenses



Principles of Virology, ASM Press

Host defenses

Interferon



1. Physical barriers

2. Chemical barriers

3. Intrinsic cellular defenses

4. Innate soluble immune response: interferons, cytokines, 

inflammation, fever, complement

5. Innate cellular immune response: DC, macrophages, NK…

6. Adaptive humoral immune response

7. Adaptive cellular immune response

Host defenses against viral infections



Host defenses against viral infections



Intrinsic and innate immunity

• Viruses replicate very rapidly and would quickly overwhelm a host 

organism if it were undefended.

• The adaptive immune response is tailored to pathogen, is restricted 

to animals, and takes several days to gather momentum.

• In that period, processes of innate and intrinsic immunity slow down 

and contain a virus so that the host can gain ascendancy over it.

• Intrinsic: Always present in the uninfected cell, sometimes 

specific against certain viruses: apoptosis, autophagy, antiviral 

restriction proteins

• Innate immune system: Induced by infection (cytokines and cells)



Viral pathogenesis:
Intrinsic resistance to viruses in vertebrates

Host restriction factors
Apoptosis
Autophagy



HRFs are critical components of the early antiviral response. 
These cellular proteins inhibit viral replication and spread by 
impeding essential steps in the viral life cycle, such as viral 
entry, genome transcription and replication, protein 
translation, viral particle assembly, and release

Host restriction factors (HRFs) 



Host restriction factors (HRFs) 



Host restriction factors (HRFs) 



These HRFs are classified into two types: interferon-stimulated genes (ISGs) and 
non-interferon-stimulated genes (non-ISGs). Unlike ISGs, these non-ISGs are 
constitutively expressed in cells and are not induced by interferons. 

https://doi.org/10.3389/fimmu.2025.1484119

https://doi.org/10.3389/fimmu.2025.1484119


Though receptor interactions represent a crucial component of virus–host interactions and 
viral pathogenesis, a number of other factors can also determine which tissues a virus 
infects. 
‘Proviral’ factors are host molecules that promote efficient viral replication.



Apoptosis:
Intrinsic resistance to viruses in vertebrates

The death of an infected cell may help the host because it interrupts the 
replication cycle and releases the pathogen for killing by immune cells. 
However, viruses can induce cell death to facilitate their spread or killing the 
infected immune cells or inhibit these programmed death pathways to hide in 
the host cells from the immune cells



Apoptosis:
Intrinsic resistance to viruses in vertebrates



AUTOPHAGY

• Self-degradative process that is important for balancing 
sources of energy at critical times in development and in 
response to nutrient stress 

• Housekeeping role in removing misfolded or aggregated 
proteins, clearing damaged organelles, such as 
mitochondria, endoplasmic reticulum and peroxisomes, 
as well as eliminating intracellular pathogens. 

• Generally thought of as a survival mechanism

• May promote cell death under stress (e.g. viral 
infection, cancer)



Autophagy-virus interplay

Autophagy has a role as a defensive system against viral 
infections 

• Degradation of viral components and newly forming virus 
particles (xenophagy)

• Cooperates with innate immunity

Viruses interact variably with the autophagy mechanisms 
• Virulence factors may block autophagy

• Some viruses exploit autophagy for their replication or to 
egress from cells without lysis (establishment of chronic 
productive infection)



Viral manipulation of autophagy. Viruses can either induce (green arrows) or inhibit the autophagy 
pathway (red studded lines). Viral induction of autophagy can be achieved during viral entry via 
interaction with cell surface receptors, via interaction with stress sensors or during viral replication. 
Viruses also inhibit autophagy at early or late stages of the pathway, during initiation or maturation, 
respectively. 



Innate antiviral response

• PRRs – Pattern-recognition receptors

• PAMPs – Pathogen-associated molecular patterns

• Major viral PAMPs are viral nucleic acids





Retinoic acid-inducible gene I
Melanoma differentiation-associated protein 5







IFN mediated innate immunity



The IFN system can be dangerous

• IFN induces the expression of many deleterious gene products 

– most of our cells have IFN receptors

• IFNs have dramatic physiological consequences: fever, chills, 

nausea, malaise

• Every viral infection results in IFN production, one reason why 

‘flu-like’ symptoms are so common



IFN mediated immunity

I



Interferon Induction

•interferon-alfa, interferon-beta and interferon-lambda

-Induced by

-Viral infections

-dsRNA 

-Some bacterial components

•interferon-gamma 

- antigens, mitogens





Induction of transcription of Type I and Type III-IFNs

Human IFN1 and IFN- genes have similar transcriptional regulation that is controlled by either IRF3 or 

IRF7, whereas IFN−2/ 3 genes, like most IFN- genes, are more dependent on IRF7. 

IRF3 is constitutively and ubiquitously expressed in cells and, when activated upon viral entry, 

upregulates expression of the IFN- and IFN-1 genes. By contrast, IFN- and IFN-2/3 genes are 

unresponsive to IRF3 alone and require IRF7 that is not constitutively expressed in most cell types

but is induced in response to IFNs. In humans, both IFN- and IFN-1 can prime cells for virus-induced

IFN- and IFN-2/3 production by upregulating IRF7 expression. Similar to IFN-, the IFN-1 gene 

represents an early response gene, whereas IFN-2/3 are likely to be expressed similar to IFN-s, with 

delayed kinetics.



IFN Induction by dsRNA binding to TLR3

Modified from Nature Immunology 7, 131 - 137 (2006) 

After recognizing dsRNA, TLR3 transmits signals through TRIF, which interacts with TBK1, 

RIP1 and TRAF6. TBK1, together with IKKi, phosphorylates (P) IRF3, allowing IRF3 to 

translocate into the nucleus and activate type I and III interferon promoters, particularly the 

IFN- and IFN-1 promoters. Secreted IFNs stimulate expression of IRF7, which induces

also IFN- and the other  IFNs.



IFN Induction by ssRNA and CpG DNA

Nature Immunology 7, 131 - 137 (2006) 

TLR7/8 and TLR9 recognise ssRNA and CpG DNA, respectively, utilise MyD88 as adaptor and 
specifically activate IRF-7 in addition to NF-kB and ATF2/c-jun. 



Cytoplasmic sensors for viral nucleic acids.

Rev. Med. Virol. 2010; 20: 4–22.

DAI=DNA-dependent activator

of IRFs

IPS-1: IFN -promoter stimulator

Cytoplasmic sensors for viral nucleic acids. RIG-I and MDA5 recognise viral 5’-

triphosphate-containing RNA with panhandle structure and long dsRNA, respectively. On 

the other hand, DNA sensors are thought to recognise cytoplasmic viral dsDNA, and 

activate the IPS-1-dependent signalling. Some cytoplasmic dsDNAs, such as poly(dA:dT), 

are transcribed by Pol-III, and the resultant dsRNA is recognised by RIG-I. 



Interferon receptor signalling

type I IFNs bind to the IFNAR receptor complex
(composed of IFNAR1 and IFNAR2); type III IFNs
bind to the IFNLR receptor complex (composed of 
INFLR1 and IL-10Rβ). 

Binding of an IFN to either receptor
complex results in cross-phosphorylation of JAK1 
and TYK2 on the cytoplasmic domains of
the receptor subunits. 

This triggers phosphorylation of STAT1 and STAT2. 
Following phosphorylation, these STATs form 
various complexes that translocate into the 

nucleus, where they bind IFN-stimulated response
elements (ISREs) or gamma-activated sequences
(GASs) on the promoters of ISGs. 

Binding to these promoter elements results in the
transcription of hundreds of genes involved in 
antiviral response, including ISGs, IFNs, IRFs
and STATs

Nature Microbiology | VOL 914 4 | JUNE 2019 | 914–924 | 

www.nature.com/naturemicrobiology



Interferon receptor 
signalling

Type III IFN or IFN-lambda (IFN-)

In humans, the type III IFN family consists

of four members: IFN-λ1 (IL-29), IFN-λ2 

(IL28A), IFN-λ3 (IL-28B) and IFN-λ4.

IFN- receptors are largely restricted to 

cells of epithelial origin.

nature reviews | immunology



Interferon: effectors

IFN Action Produces an Antiviral State

RNase L and 2’-5’-oligo(A) synthetase. 
Another well-studied antiviral response induced by IFN is mediated by two enzymes 
and dsRNA. 
RNase L can degrade most cellular and viral RNA species. Its concentration increases 10- 
to 1,000-fold after IFN treatment, but the protein remains inactive unless a second 
enzyme is synthesized. 
This enzyme, 2’-5’-oligo(A) synthetase, makes oligomers of adenylic acid, but only when 
triggered by dsRNA. These unusual nucleotide oligomers then activate RNase L, which 
in turn begins to degrade all host and viral mRNA. 

We now know from studies of mouse mutants defective in RNase L that this enzyme is
important for the IFN-b response to viral infection. 
RNA fragments produced by RNAse L have double-stranded regions that allow them to 
be identified by RNAse L and Mda5, enhancing the production of IFN-b.



Interferon: effectors

IFN Action Produces an Antiviral State

dsRNA-activated protein kinase. Viral and cellular protein synthesis in infected cells is often 
stopped abruptly. In many cases, this phenomenon, mediated by a cellular
dsRNA-activated protein kinase (Pkr), is lethal to both the virus and the infected cell

Establishment of the Pkr-mediated antiviral state is a two-step process, in which IFN 
promotes the increased production and accumulation of an inactive protein that can 
become activated only when it encounters double-stranded viral RNA

Active Pkr phosphorylates the alpha subunit of the eIF2 translation initiation protein 
(eIF2a), rendering it incapable of supporting protein synthesis in the cell
(consequences are cell death or autophagy)

Many viral genomes encode proteins that can block the lethal actions of Pkr



Interferon: effectors

IFN Action Produces an Antiviral State



The OAS-RNaseL antiviral 
pathway

nature reviews | immunology



PKR activation mechanism

From Flint et al. Principles of Virology (2015), ASM Press

RNA-binding motif (RBM), which together

constitute the N-terminal RNA-binding

domain (RBD). 

When two or more molecules of inactive

Pkr bind to one dsRNA molecule, cross-

phosphorylation occurs because of the 

physical proximity of the molecules. 

Phosphorylation is thought to cause a 

conformational change in the kinase

domain (KD) to allow phosphorylation of 

other substrates, including eIF2.

nature reviews | immunology



Targets for interferon (IFN)-stimulated proteins within viral
life cycles

Annu. Rev. Immunol. 2014. 32:513–45





Interferon-dependent anti-viral response
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