
PATHOGENESIS OF VIRAL 

INFECTIONS 



Virus Dissemination - Entry

From Flint et al  Principles of Virology ASM Press



Virus Dissemination - Entry

From Flint et al  Principles of Virology ASM Press

The respiratory route 

is the most common  

and more difficult to 

control



Virus in the environment

Site of entry
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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. 



Topography of virus release from epithelial surfaces can 

determine the pattern of infection.



Virus in the environment

Site of entry

Dissemination  in 

peripheral nerves 

Centripetal spread 

of rabies virus
Target organ
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Virus spread through nerves during a 

generalized infection





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



Virus spread

• Infections can 
be localized, or 
can spread 
beyond the 
initial site of 
replication  (a 
disseminated  
infection). 

• With many 
organs involved 
the infection 
becomes 
systemic

From Flint et al  Principles of 
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• Because of the diversity of viruses, virtually every possible site of shedding is utilized; 

however, the most frequent sites are the respiratory and alimentary tracts. Blood and  lymph are 

sites of shedding for the arboviruses, since biting insects become infected by this route. HIV is 

shed in blood and semen. Milk is a site of shedding for viruses such as some RNA tumor 

viruses (retroviruses) and cytomegalovirus (a herpesvirus). Several viruses (e.g., 

cytomegaloviruses) are shed simultaneously from the urinary tract and other sites more 

commonly associated with shedding. The genital tract is a common site of shedding for 

herpesvirus type 2 and may be the route through which the virus is transmitted to sexual 

partners or the fetus. Saliva is the primary source of shedding for rabies virus. Cytomegalovirus 

is also shed from these last two sites. Finally, viruses such as tumor viruses that are integrated 

into the DNA of host cells can be shed through germ cells.



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



Figure 13.15 Droplet dispersal following a violent sneeze. Most of the 20 000 particles seen are coming from 

the mouth. (Reprinted with permission from FR Moulton (ed.), Aerobiology, 1942. American Association for 

the Advancement of Science.)

© 2005 Elsevier 



• 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 (and viruses)  and 

respiratory system



Respiratory 

route

eg. Influenza A

Fecal-oral route

eg. Hepatitis A

Sexually transmitted

route, eg. papillomaviruses

Zoonosis

Rabies VirusYellow Fever Virus Flaviviruses

Direct interhuman transmission 



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





Pathogenetic Mechanisms 



Pathogenetic Mechanisms 

Direct damage 

Indirect damage
(Immuno-pathology)  

Lysis  

Tranformation

Damage on inflammatory base

- T-Cell dependent Immunopathology 

Via Generation of CD8 T Cells

- Damage by circulatory mmunocomplexes

- Priming of autoimmunity processes



Patterns of disease

Acute

Recurrent

Chronic

Slow

clinical signs
virus shedding

difficult to detect virus



Outcome of Viral Infections



The respiratory tract is a continous 

apparatus  









Exposure without infection

Infection without clinical disease

Moderate disease

Mild disease

Severe disease
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Virus Host

Environment
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When the iceberg concept of 

infection is broken

▪Newborns and elderly 

▪Immunosuppressed subjects

▪Transplants recipients

▪Oncologic patients





Emergence of viral infections 

may be due to:

• the spread of a new agent

• reappearance (or re-emergence) of a known 

infection after a decline in incidence 

• the recognition of an infection that has been 

present in the population but was previously 

unknown



Possible sources of “new viruses”

• De novo evolution

• “Viral Traffic”          

• New virus or new variant

• Interspecies transfer from 

the “zoonotic pool”

• Dissemination of disease 

from a geographically 

localized subpopulation 



Possible sources of “new viruses”

• De novo evolution

• “Viral Traffic”          

• New virus or new variant

• Interspecies transfer from 

the “zoonotic pool”

• Dissemination of disease 

from a geographically 

localized subpopulation 

• Mutation 

• Recombination

• Reassortment
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Emergence of zoonoses







• 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 



A database of all known emerging infectious diseases since 1940 was used 
to identify the most likey origins of each separate emergence event




