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Pathogenesis of Viral Infections(The mechanism by which the virus causes a 
disease in the host) 
 
◼ Pathogenicity : ability to cause disease  
Not all microbes which enter the body cause diseases . 
So, some of them won’t cause a disease. Some would cause mild diseases, 
others would cause severe diseases or even death . 
Viruses differ in their ability of causing diseases. 
 
◼ Pathogenesis: means by which organism produces disease in host. 
Is it caused by viruses themselves , specific enzymes and proteins in bacteria , 
toxins ,the reaction of the immune system…etc will cause disease . 
  
◼ Pathogenesis is a result of: 
FOR EXAMPLE :COVID-19 . 
• injury to discrete populations of cells (in COVID-19 : injury occurs in cells in 
the upper&lower respiratory tract caused by the viral infection which results 
in manifestations in the respiratory tract). 
• in particular target organs (target organs : organs in the respiratory tract) 
• producing signs & symptoms of disease in a given host.(major symptoms 
and signs will relate to respiratory tract) 
So the effect of the viruses will be related to host cells and organs . 
 
◼ Extent of disease depends on: (important) 
• VIRUS dose  like COVID-19 
-(the higher the viral dose  ,the shorter the Incubation 
period) 
-(the higher the viral dose , the worst the symptoms 
and signs will be ) 
• Route of entry like HIV  
In blood donation, if the donor is infected by HIV, the 
symptoms of the virus will be worse and will appear 
faster in the recipient than any other way(as sexual 
transmitting) because the target cell is T-lymphocytes 
which circulate in the blood ). 
• Replication efficiency (the more the virus replicates 
and proliferates, the more effective the manifestations of it ) because the 
host cell produces larger progeny and that would increase the susceptibility 
of the neighbor cells to become infected. 
 

Incubation period is the 
time elapsed between 
exposure to a pathogenic 
organism, a chemical, or 
radiation, and when 
symptoms and signs are 
first apparent. 



 
◼ Both the host & the virus are seeking a reproductive advantage.(the main 
goal of all organisms is staying alive and saving themselves ). 
So, the main aim of viruses isn’t killing the host cell because then the virus 
would not be able to replicate itself without it. 
The more virulent the organism, the less the survival advantage it will have 
because they will kill the host and they will cut their chain of transmission. 
example : 
If a novel(new&unfamiliar)highly virulent (its mortality equals 100%) virus 
arise, it will kill the human population and the virus would become extinct!!!! 
• new viruses are evolving continuously 
Means if a virus enters the cell, say a cell will produce about 1000 virus (10% of 
them are functional and infect other 10 cells) 
Let us assume that 1 out of 10 viruses is mutated and this virus has the ability 
to resist an anti-viral drug ,so the survival advantage is higher and more 
specific for it because of a random mutation). 
NOTE: -THE RNA viruses have more probability to do mutations  
-mutation happens randomly  
• natural selection favors viruses with low pathogenicity /virulence (the normal 
behavior of viruses is having low pathogenicity ,so they don't eradicate their 
hosts as they spread more by infections). 
▪ Most(not all) viral infections are asymptomatic (So again, the less virulent the 
organism , the more the survival advantage, the more the infection it will 
cause) 
Examples of asymptomatic viruses: Hepatitis in children (A,B,C) , polio, flu, 
herpes type 1 , COVID-19,…etc). 
▪ Disease is an “unusual” consequence of infection.(not all diseases) 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Introduction 
◼Viral pathogenesis concerns itself with the mechanisms by which viruses 
cause injury to cells in different tissues and organs to produce the signs and 
symptoms of disease. 
◼ Considering viral diseases, there are two components involved,(A)the direct 
effect of virus replication and (B)the effects of bodily responses to the 
infection. 
How does virus manifestation happen ? 
the direct effect of virus replication and the effects of bodily responses to the 
infection. 
Viral effects(factor): causes the death of some cells.  
An as a result of the infection cough ,increased mucus secretion ,sneezing…  
Host factors(for example, the innate response): like fever(by certain 
interleukins produced in response as part of innate immune response in viral 
infection and specifically interleukin 6 will go to hypothalamus which rises the 
body temperature). 
WHY? The optimal temperature for the replication of 
most viruses is around 37. So, the innate immune 
system rises this temperature to prevent the virus 
from replicating. 
So symptoms of diseases are generally caused by the 
interplay between these two factors(viral and host 
factors) . 
EXAMPLE: HIV virus nearly 
1/3 of the response(manifestations) is caused by viral 
factors and2/3 of it by host factors. 
NOTES: 
-Some infected individual don’t suffer from AIDS symptoms -although they do 
have the virus- because the progression of the disease needs around 8-12 
years to appear. (it might also take around 21-25 years to appear in some 
patients and those we call them long term nonprogressors).  
-others take only 4-5 years to start suffering from its symptoms. 
there are  subtypes of HIV (for example subtype d )associate with faster 
progression towards the disease. 
 
◼ The course of any virus infection is determined by a delicate and dynamic 
balance between the host and the virus.  
◼ In some viral infections, most of the pathologic symptoms observed are 
attributable to the side effects of the immune response(host factor). 



 
◼ Inflammation, fever, headache and skin rashes are usually caused by the 
cells of the immune system due to the release of potent chemicals such as 
interferon and interleukins. 
Note; Almost 10% of confirmed COVID-19 patients suffer from skin rash. 
Prodromal phase (non-specific signs and symptoms )connected with immune 
system response and release of important chemicals like Interferon (important 
, give anti-viral state  , prevent the replication of the virus in the neighboring 
cell ) . 
 
Prodromal phase: in this phase the signs and symptoms are shared by many 
diseases (non-specific symptoms for a specific disease)like fever, generalized 
weakness ,headache..etc. 
 
Interferon : are a group of signaling proteins made and released by host cells 
in response to the presence of several viruses. In a typical scenario, a virus-
infected cell will release interferons causing nearby cells to heighten their 
anti-viral defenses. (Wikipedia) 
◼ The vast majority of virus infections are silent and do not result in outward 
signs of disease. 
◼ With many virulent viruses, subclinical or unapparent infections often 
outnumber cases of symptomatic illness. Like HIV  
 
◼ However, for certain classic viral infections, such as measles, smallpox, 
rabies, and influenza almost all infected individuals develop disease.(have 
symptoms) 
-measles الحصبة    measles virus (MV) (mostly symptomatic). 
    German measles الحصبة االلمانية   rubella virus (might be asymptomatic)    
-chickenpox الماء جدري    varicella-zoster virus (VZV)  
-smallpox  جدريvariola virus.(sever, high mortality ,the first infectious 
disease to be eradicated from the human population.  
Rabies الكلب داء  (not only caused by a dog’s bite though) and it’s lethal if not 
treated. 
◼ It is perfectly possible to envisage viruses with a hit-and-run strategy, 
moving quickly form one dying host to the next and relying on continuing 
circulation for their survival. (So as we said, the more virulent the virus, the 
less the survival advantage of the it .However, some viruses, which have 
100% of mortality , kill the host cell and then jump to another host cell and 
so on. But this type is extremely rare) 
 



◼ Nevertheless, there is a clear tendency for viruses not to injure their hosts if 
possible. 
 
 Mechanisms of cellular injury 

 

❑ In general terms, a number of common phenotypic changes can be 

recognized in virus-infected cells. 
How to diagnose the viral infection? 
-Clinically(chickenpox , smallpox) 
-Serologically(through the antibodies detection) like hepatitis. 
-Antigen detection. (can be used to diagnose COVID-19). 
-Molecular detection (seek for genes by PCR) 
-Transplantation( in culture ,virus isolation) and see the cytopathic effect. 
 

Then , how can we recognize through the CPE?  
These are often referred to as CPE(cytopathic effect) and include:- 
◼ Altered shape ( rounding). 
◼ Detachment from the substrate. 
◼ Membrane fusion ( giant cells, syncytium). 

◼ Increased membrane permeability. 
◼ Inclusion body formation.(in rapies we see bodies inside the cell) 
◼ Lysis. 
◼ Apoptosis. 
◼ Pathogenic mechanisms include implantation of the virus at a body site (the 
portal of entry orally (GI viruses) , blood ..etc) replication at that siteand 
then spread to and multiplication within sites (target organs) where 
disease(sometimes the disease localizes in a special organ like flu which is in 
the respiratory tract) or shedding of virus into the environment occurs(viremia 
as the virus in the blood)like it may spread to secondary lymphoid tissue  
secondary viremia(to the blood) target tissue. 
◼ Most viral infections are subclinical, suggesting that body defense against 
viruses arrest most infections before disease symptoms become manifest.(the 
innate immune response will do it before adaptive immune response) 
 

syncytium: is a multinucleate cell which can result from multiple cell fusions of uninuclear cells 



◼ Knowledge of subclinical infections comes from serologic studies showing 
that sizeable portions of the population have specific antibodies to viruses 
even though the individuals have no history of disease. 

 
like COVID-19 ,even though the reported (confirmed) cases of infected 
individuals is 1000 in a certain country for example, the real number of 
infected people  is much more than 1000 (maybe 50 folds -might be an 
overestimate-). this is confirmed by serologic study which shows that the 
people who have the antibody of the disease are more than the reported ones)  
If we do a serologic study ,we need to know these antibody: 
IGG  used to detect past infections. 
IGMused to detect to recent infection. 
We will notice that there are people who have IGG antibody even though they 
had no symptoms, but why? The reality that they had been infected 
asymptomatically and they generated antibodies against the disease. 

 
◼ Unapparent infections(asymptomatic infected individual) have great 
epidemiologic importance; why?  
-they constitute major sources for dissemination of virus through the 
population       
-they confer immunity. 
 
 

Extra information: 
Serology is the scientific study of serum and other body fluids. In practice, the term usually refers to 

the diagnostic identification of antibodies in the serum. Such antibodies are typically formed in 
response to an infection (against a given microorganism),against other foreign proteins (in 

response, for example, to a mismatched blood transfusion), or to one's own proteins (in instances 
of autoimmune disease). 

 
Serological tests are diagnostic methods that are used to identify antibodies and antigens in a 
patient's sample. Serological tests may be performed to diagnose infections and autoimmune 

illnesses, to check if a person has immunity to certain diseases, and in many other situations, such 

as determining an individual's blood type. 

I can’t depend on IGM antibodies to detect the people how are infected now because these 
receptor need time to appear (from 1-2 weeks after the first exposure). 

ال نعتمديعني ممكن يكون في واحد عنده اعراض ومصاب ولسا الجسم المضاد هاد مش ظاهر عنده لهيك   
PCR 



HOST factors which modify viral pathogenesis 
• Virus receptors- genetically determined (for example : HIV needs two 
receptors to do its function , if the infected one doesn’t have these receptors, 
the symptoms will never appear like in European descent as they don’t suffer 
from the symptoms because they don’t have the receptor . ) 
or due to the state of differentiation. (or the virus may cause many  
modifications to affect the infected one  
redundancy : means if there a function one drug can do , but if that drug isn’t 
exist m I may give several drugs to do the function . 
the doctor said : if there is no receptor for the virus , it may do modifications 
to other receptors to affect the patient . 
• Age 
- certain infections are more severe in different age groups. 
- less severe before puberty, e.g. EBV infections and mononucleosis, measles, 
VZV (chickenpox) and poliomyelitis. 
 
• Metabolic state 
- Generalized malnutrition or Vitamin A deficiency increase susceptibility to, 
and severity of, measles infection. 
 
- Pregnancy (with its associated change in hormonal balance) can also lead to 
altered susceptibility to certain viruses. 
The pregnancy itself cause a state of immunosuppression. 
• “Altered” immune responses 
- Impaired (Congenital or Acquired)  - Enhanced (Auto-immunity) 


