
PATHOGENESIS OF VIRAL 

INFECTIONS 

1 - Struttura/morfologia 
e Tassonomia

2- Ciclo vitale/replicazione

3- Effetto sulle cellule e variabilità 
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The respiratory route 

is the most common  

and more difficult to 

control



Virus in the environment

Site of entry

Replication at

site of entry 

and localized 

spread 

Virus spread during localized infection



Virus spread during localized infection



Virus in the environment

Site of entry

Moderate replication

at site of entry

Viruses reach 

the blood via blood 

vessel or  lymphatics

(primary viremia)

Secondary 

Viremia

Target organs Target organs

Virus spread through bloodstream during a 

generalized infection. 



Virus in the environment

Site of entry

Dissemination  in 

peripheral nerves 

Centripetal spread 

of rabies virus
Target organ
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Topography of virus release from epithelial surfaces can 

determine the pattern of infection.



Shedding of Virus
(ensures the permanence of the virus in a particular ecological niche)

• The most frequent sites are the respiratory and 

alimentary tracts 

• Other: urinary tract, genital tract, milk, blood 

and lymph

• Several viruses are shed simultaneously from 

several sites



Viral infections: vertical transmission 

Virtually all viruses that spread via the blood can 
be transmitted to the fetus



Viral infections: vertical transmission 

Virtually all viruses that spread via the blood can 
be transmitted to the fetus

However in many cases the placenta is an 
efficient barrier





Pathogenesis /congenital infection

• Immature immune system

• The cells are in an active proliferation state 
and then highly permissive to the replication 
of viruses

• The cells are not differentiated and then 
more sensitive to the viral infections 

viremia viremia Fetal organs
placenta

mother
fetus
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Pathogenetic Mechanisms 

Direct damage 

Indirect damage
(Immuno-pathology)  

Lysis  

Transformation

Damage on inflammatory base

- T-Cell dependent Immunopathology 

Via Generation of CD8 T Cells

- Damage by circulatory immunocomplexes

- Priming of autoimmunity processes



L’autofagia(dal greco, “mangiare se stesso”) è un processo catabolico lisosomiale che la 

cellula mette in atto in risposta a condizioni di stress particolarmente elevate (carenza 

nutrizionale, stress ossidativi) degradando alcuni dei propri elementi al fine di rifornirsi di 

energia e garantirsi la sopravvivenza.

L’apoptosi(dal termine greco che indica la caduta dei petali dei fiori e delle foglie degli 

alberi) è invece una forma di suicidio della cellula che avviene in modo programmato e 

ordinato, di norma quindi non in risposta a situazioni di stress, e che contribuisce al 

mantenimento del normale numero di cellule di un sistema (organo e/o tessuto).

Autofagia e apoptosi sono anche importanti meccanismi che la cellula, quando è 

infettata, usa per contrastare la diffusione dei virus (sia a RNA che a DNA).

Il danno cellulare irreversibile  a cui segue la morte cellulare dovuta a processi patologici 

viene chiamato necrosi. È una morte cellulare incontrollata che provoca rigonfiamento 

degli organuli cellulari, rottura della membrana plasmatica ed eventuale lisi della cellula 

e fuoriuscita di contenuto intracellulare nel tessuto circostante con conseguente danno 

tissutale. 

La necroptosi e piroptosi condividono diversi processi chiave sia con l'apoptosi che con 

l'autofagia









Pathogenetic Mechanisms 

Direct damage 

Indirect damage
(Immuno-pathology)  

Lysis  

Transformation

Damage on inflammatory base

- T-Cell dependent Immunopathology 

Via Generation of CD8 T Cells

- Damage by circulatory mmunocomplexes

- Priming of autoimmunity processes







The skin test is read by 

palpating the site of 

injection to find an area 

of induration. The 

diameter of the indurated 

area should be measured 

across the forearm 

(perpendicular to the 

long axis). Erythema 

(redness) should not be 

measured. 



L ŦŀǘǘƻǊƛ ŎŜƭƭǳƭŀǊƛ Ŝκƻ ǊŜƭŀǘƛǾƛ ŀƭƭΩƻǎǇƛǘŜ ŎƘŜ 
Ǉƻǎǎƻƴƻ ƛƴŦƭǳŜƴȊŀǊŜ ǳƴΩƛƴŦŜȊƛƻƴŜ ǾƛǊŀƭŜ Ŏƻƴ 
riflessi sulla patogenesi sono molteplici, 
hanno diversa natura e possono intervenire in 
diverse fasi del ciclo replicativo del virus. 











Outcome of Viral Infections



La patogenicitàè la capacità di un virus di determinare in 

vivo lesioni o una malattia valutabile clinicamente. La 

patogenicità di virus diversi può, conseguentemente, essere 

valutata su una base clinica (ad es. infezione respiratoria 

clinicamente modesta o infezione respiratoria grave con 

insufficienza respiratoria) o con esami di laboratorio. 

Con il termine virulenzasi descrive invece una caratteristica 

del singolo isolato virale, abitualmente riferita alla quantità di 

virus necessaria a determinare un peculiare evento, sia in 

vivo sia in vitro, o alla capacità e velocità replicativa. 

Patogenicità e virulenza hanno specifiche basi molecolari. 

Per questo motivo  sono stati moltiplicati gli studi finalizzati a evidenziare i determinanti genetici di 

specifiche caratteristiche fenotipiche dei virus patogeni, confrontandoli con quelli a patogenicità 

attenuata. La maggioranza di questi studi ha utilizzato strategie di mutagenesi sito-specifica per valutare 

il ruolo di singoli prodotti virali. 

Varianti virali attenuati  e tropismo selettivo





The respiratory tract is a continous 

apparatus  









Patterns of disease

Acute

Recurrent

Chronic

Slow

clinical signs
virus shedding

difficult to detect virus



• In a closed environment, there are on average 500-1000 
organisms/cubic meter.

• The ventilation rate (at rest) is 6 liters / minute.

• It is estimated that our lungs inhale about 12,000 liters of air 
per day.

About 10,000 organisms/day are introduced into 

the respiratory system

Microorganisms (including viruses)  

and respiratory system



Exposure without infection

Infection without clinical disease

Moderate disease

Mild disease

Severe disease

Death
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ICEBERG CONCEPT OF INFECTIOUS DISEASES



Virus Host



Virus Host
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Virus Host

Environment



Exposure without infection

Infection without clinical disease

Moderate disease

Mild disease

Severe disease

Death
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When the iceberg concept of 

infection is broken

ÁNewborns and elderly 

ÁImmunosuppressed subjects

ÁTransplants recipients

ÁOncologic patients





Emergence of viral infections 

may be due to:

Åthe spread of a new agent

Åreappearance (or re-emergence) of a known 

infection after a decline in incidence



Possible sources of ñnew virusesò

ÅDe novo evolution

ÅñViral Trafficò          

ÅNew virus or new variant

ÅInterspecies transfer from 

the ñzoonotic poolò

ÅDissemination of disease 

from a geographically 

localized subpopulation 



Possible sources of ñnew virusesò

ÅDe novo evolution

ÅñViral Trafficò          

ÅNew virus or new variant

ÅInterspecies transfer from 

the ñzoonotic poolò

ÅDissemination of disease 

from a geographically 

localized subpopulation 

Å Mutation 

Å Recombination

Å Reassortment



G. Antonelli, M. Clementi, G. Pozzi, G.M. Rossolini Principi di Microbiologia medica, II ed. Copyright 2011 C.E.A. Casa Editrice Ambrosiana
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Emerging infectious disease: Examples of viral diseases likely 
originated by spillover events SARS-CoV- 2

774,834,251 Cases
7,007,007 Deaths
(March 3, 2024 
(source WHO)

2019

Modified 
from 





• Globalization of travel and trade 

• Population growth and density

• Urbanization, social and sexual relations

• Live animal markets 

• Intensified livestock production

• Human susceptibility to infection (ageing, HIV, IV drugs, transplantation, transfusion)

• Misuse of antibiotics (humans & domestic animals)

• Changes to ecosystems (deforestation, biodiversity loss) 

• Global climate change

Factors (different from those related to microorganism) 
in Emerging/Re-emerging Infectious Diseases 




