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Definitions

Cytopathogenicity: viral disease at a cellular level (cause cell damage or death)

Cytopathic/Cytopathogenic effect (CPE): changes in host cells that are caused by viral invasion.

Mechanism of the disease: viral disease at host level

Abbreviations for viruses names:

RSV = Respiratory syncytial virus
HAV = Hepatitis A virus

HBV = Hepatitis B virus.

HCV = Hepatitis C virus

HIV = Human immunodeficiency virus
HPV = Human papillomavirus

HSV = Herpes simplex virus BHER
HTLV = Human T-lymphotropic virus [ 1 1 ]|
YFV = Yellow Fever Virus L1 1]
\/Z\/ = Varicella zoster virus EEEN
EBV = Epstein-Barr virus | HER
CMV = Cytomegalovirus EEEN
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Cellular Level (Cytopathogenesis) Host Level

1. Abortive Infections — Types Mechanism —

Virus not produced

— 1.Asymptomatic 1.Transmission & Entry —

Cytolytic Infection — 2.Acute Infection 2.Replication & Damage @ —

2.Productive Infections

i Non- lytic Infecti
Virus produced on-Cytolytic Infection — 3.Persistent Infection 3.Localizing or Spreading —

4.Shedding (transmission) —

Latent

e
3.Non-productive Infections 19 nuceic scie remeins 5.Immune Response B = = =
Virus not produced Transformation B BHER

Viral nucleic acid remains
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Types Of Viral Infections at cellular level (Abortive) Progeny = Offspring -m
B
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1-Abortive Infections: TEEE

The virus infects the cell but it cannot continue it's replication cycle. Thus, no virus progeny is produced. ¥ EEEE

Replication cycle is not completed, so there is no production of new viruses. SEEE

Mutation of Viral Genome Defective Interfering Particles Action of Interferons

Like a deletion in the viral Interferons are cytokines FEEEE
Y u EEENR

genome or incorrect produced by infected cells to EEE
enzymes produced. protect other healthy cells. ¥ EEEE

(Causing nearby cells to heighten

their antiviral defenses) EEEn

EXPLANATION of Defective Interfering Particles: They are virus like particles. (It's not mutation

H
in the viral genome) but the majority of genetic material is lost. What happens is that these defective [
particles compete with the virus (for the replication) resulting non-completed replication cycle. T 1



Types Of Viral Infections at cellular level (Productive) vecaue it produces new viruses

2-Productive Infections: has two types..

AFFECTS (KILLS) THE CELL BY CELL LYSIS

DOES NOT AFFECT THE CELL BY CELL LYSIS

% Viruses replicate & produce progeny
Reproduction cycle is completed, so there are new viruses produced in both types.

Results cell death & cytopathic effects (morphologic changes)
The cell is destructed due to rupture of its membrane 2 Jais LIS
For non-enveloped viruses

Vlirus released by cell budding & Little or no cytopathic effects
Usually, the cell is not destructed.
For enveloped viruses

Inhibition of cellular protein & nucleic acid synthesis.
sl 3a DNAJ) s o gl 5‘;'\5\ a8 gy g gyl aSasy) Qﬁg}_\l\ (K%Y @

Identified by: hemadsorption (adherence of RBCs to the surface of virus
or cell) & direct immunofluorescence

Cytopathic Effects (CPE): The morphological/structural changes that occur in the host cell.

Cell Lysis

(Disintegration) Cell Rounding

Syncytium formation Inclusion Bodies
(Cell Fusion) Formation
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%  Syncytium formation "7 e s«mf;:E
(single cell that contains multiple nuclei) x\o y:‘{;{o T > %O 2 o O
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% Formed by fusion of an infected cells with
neighboring cells, resulting in a giant

multinucleated cell.
4531 Boanie b aS AlA oie jual s Ll sa Aaglud) LAY e et Aliadl) 3040

%  Thisis due to expression of viral surface
proteins on the membrane.

Aelull LA receptors ge i 71 s (e.g. spikes) s J_nld allalhy Aliadl 44040

% Common when cells are infected by either
Herpes Paramyxovirus or respiratory syncytial
virus (RSV)

< Inclusion Bodies Formation

It is a collection of viral proteins or particles inside
the cells (cytoplasm or nucleus).

It takes several forms:

e  Single or Multiple
e  Smallor Large
e  Round or Irregular

Location

[
Nucleus
(intranuclear)

E.g Herpes

INCLUSION BODIES:

The site of VIRAL multiplication
and protien synthesis

NORMAL
CELLs

<]
e

INTRA NUCLEAR
INCLUSION BODIES

|
Cytoplasm
(intracytoplasmic)

E.g Rabies
(Causes Negri Bodies)

INCLUSION BODIES:
The site of VIRAL multiplication
and protien synthesis

INTRACYTOPLASMIC
INCLUSION BODIES
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Owl's eve inclusions
caused by CMV

Negri bodies
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NOTE:
Because rabies is RNA
virus, its inclusion
bodies will be in the
cytoplasm. However,
herpes is a DNA virus,
so its its inclusion
bodies will be in the
nucleus.


https://www.youtube.com/watch?v=Qnltt72DaUw&t=60s
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When the virus infects the cell, the virus cannot complete its replication cycle (because the
cell lacks machinery to transcribe viral genes). Thus, no virus progeny produced.

Virus remains inside the cell in its genome either

I
As integrated chromosome

(mixes with the DNA)

I
Both

As circular episome
(Stays in the cytoplasm)

Types Of Viral Infections at cellular level (Non-Productive), secause e s o production of new viuses
3-Non-productive Infections (Persistent):

(oncogenic viruses)

Persistent infection because there is limited expression of
viral genes.
- The cell retains its normal properties

Al gha s yial il je s 3 be s (Jald) Caballe 1A10 3 9 g0 0 55 (5 _pldl)
reactivation 4 Jrale 3l &l gid jaii 8
(48 poale s 5 (¥l sy 5 20 reactivation deasibe (Sae Sbal 5)
- Itis difficult to detect in tests

-Causes tumors in animals & humans
-Can transform cell culture.
-Viruses can stimulate uncontrolled cell growth causing
transformation by alternating the balance between growth
activators & growth suppressors gene products.

O s ) balanced) e s ) os A Ba ae dis DNA ety el 4381 1SS Lo (g g jlall
tumor pans Llslligiie je Glaludl cund 7] 3 Al g clasie gaill Silladie 5 &l jina

E.g.: HSV (herpes virus)
\)\_\AJCL.AM o jlga iz la 3 yaa g (A08A yal e 5\ oal el O ) alasy G ell il
Azl el g Jadiy &) L5 HIV aYl clay

E.g. EBV, HPV and HTLV.
NO NEED TO MEMORIZE




Infection

Abortive Infections

Cytopathogenesis (Team 436)

Types

Cause

-Mutation
-Defective interfering particles
-The action of IFNs (Interferons)

Outcome

Viruses don't complete the
replication cycle

Productive infection

Cytolytic Infections:

-Viruses replicate & produce progeny (enveloped
viruses )

-Inhibition of cellular protein & NA synthesis

Cell death & Cytopathic
effects [CPE] which cause
morphologic changes

Non- Cytolytic infection

-Viruses replicate & produce progeny

-ldentified by hemadsorption & direct IF

Viruses released by cell
budding & little or no CPE.

Nonproductive
infection

Latent infection

-Viruses infect cells that restrict or lack the
machinery for transcribing viral genes

-The cell retains its normal properties

Viral genome is found either
integrated into cell DNA or as
a circular episome or both.

Transformation

-Viruses infect cells that restrict or lack the
machinery for transcribing viral genes.

-Viral genome is found either
integrated into cell DNA or as
a circular episome or both.
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Types of Viral Infections on the Host Level:

Asymptomatic Infection (most common). patient is a carrier but with no symptom.
Acute Infection (like the common cold).

Persistent Infection: where the infected cells survive viral replication
It is a late complication of acute infection

Can be either Latent or Chronic

Important features of acute viral disease

Rhinovirus -\ 3 Measles (“-=~1))

Distant site

Ex.: entered through respiratory tract, but it will enter the
bloodstream and infect distant places e.g. skin.

Portal of entry

Ex: entered through nose (inhalation, nasal breathing),
so the infected place will be the nose too!

Relatively short Relatively long

Absent Present

Variable- may be short Usually life long

Usually important Usually not important




Team 435: Common Routes of Human Infection by Viruses (Only Found in Boy's Slides)

Route of Entry

-Skin

Mild Trauma
Injection (Blood)

Bite of insect
animal

-Respiratory tract

-Genital tract

Virus Disease (L/G)
HPV Warts (L)
HBV,HCV, HIV Hepatitis B, Hepatitis C ,AIDS (G)
Yellow fever virus Yellow fever (G)
Rabies virus Rabies (G)
sHSV-1 Gingivostomatitis (L) (URT)
*Rhinovirus Common cold (L) (URT)
RSV Bronchiolitis (L) (LRT)
sAdenovirus Pneumonia (L) (LRT)
VIV Chickenpox (G)

sMeasles virus

Measles (G)

Rotavirus Diarrhea (L)
HAV Hepatitis A (G)
Poliovirus Poliomyelitis (G)
HSV-2 Genital herpes (L)
Meningitis (G)
Encephalitis (G)
HBV Hepatitis B (G)
HIV AIDS(G)
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Note:
L = (Local) Virus
doesn't reach blood

G = (General) Virus
reaches the blood

Don't like the
table? Check out
the mind map!
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The Stages of a Typical Viral Infection

A. Acute infection followed by viral clearance
by the immune response

Incubation Period (IP) m
When the person is infected but symptoms are not shown.

4ndi e (o0 L O Uil i Saa e gl e Y e il le a piagell dela juan Uia o
B. Acute infection followed by latent infection
and periodic reactivation

Prodromal Period m /\

Time

General (non-specific) symptoms appear (e.g headache, fever, loss of appetite)

C. Acute infection followed by chronic infection

1\
]
__; Time
The Specific-illness period £ cet po anc s overoducton (o5, V)
More severe symptoms begin to appear, these symptoms are due to cell killing by: a
1) Inhibition of cellular macromolecular synthesis <l sl s
2) Immunologic attack (immunopathogenesis) - Cytotoxic T cells e.g Hepatitis (type A,B, or C)
Lk g 5 5l dbaal) Alal) aales o Cytotoxic T cell A1y iy e biall Sleadl L € e xidi aual je | 20 il
The Recovery Period Time
Symptoms begin to fade until the time the patient recovers from the disease E. Slow chronic infection

Time



Mechanisms of spread of virus through the body
Get the general idea, and remember that the virus first
infects locally (e.g. epithelial cells or mucosa) and it might
stop there (local infection) or it can move on and cause
(systemic/general infection) after it reaches the blood.
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The immune response to Virus For this section it is recommended to

understand it from immunology team 439
1-Macrophages:
1) Itis an Antigen Presenting Cell (APCs) 2) Function in phagocytosis  3) It Produce cytokines
2- Natural killer (NK) cells:
Function in lysis of infected cells
3- Cytokines:
(e.g. Interferons/interleukins) released from virus infected cell

Effective against extracellular viruses
(i.e viremia -viruses in blood)

Effective against intracellular viruses

Lysis of virally infected cells by Cytotoxic T Cells [CD8] Usually act by neutralization
Involves cytokines, antibodies, etc..

The antibodies will prevent the replication of the free (extracellular) virus

Faster than humoral & prevent it from binding to the host's cell receptors

A-d and B Interferons (INF): inhibit the viral and the host cell mMRNA translation. A- Stimulate antibody production ¢<S&! a?.ue ENEn
B- Activate T cells & cell mediated immunity [ B |

C- Suppress the immune cells =S89 giile 2y

B- Y Interferons (INF): stimulates phagocytosis and killing by macrophages and NK cells.




Non-productive "Vs. not produced, Latent

SU M MARY from Team l|.3‘|- P e Transformation

Cellular level Types of viral infection Cytolytic
Productive "Vs. Produced
Non-Cytolytic

Abortive Vs. not produced
Asymptomatic infection
Types of viral infection Acute infection
Viral diseases
Persistent infection
Horizontal transmission
Person to person
Host level Transmission Vertical transmission
Animal to person
Mechanisms of the disease
Replication

Localized or spread

Viral shedding

The incubation period "IP"
Prodromal period "symptoms"
Stages of viral infection
The specific illness period
The recovery period
Macrophages APC, Phagocytosis & cytokines production
Natural killer cells "NK*" Lysis of VICs
a, B IFN: inhibit the mRNA translation
Interferons "IFNs”
Y IFN: stimulate phagocytosis
The immune response to virus Cytokines Stimulate Ab production
Interleukin "IL* Activate T cells & CMI
Suppress the IR

CMI Effective against intracellular Vs

Humoral immunity Effective against extracellular Vs.



MCQs

1-Which of the following is a reason that viruses can’t
continue its replication in abortive infection?

a) Action of Interleukins

b) Due to CPE

c) Deletion in the viral genome
d) Mutation of host genome

2-All but one of these statements is true, which one?

a) Cell mediated immunity is effective against intracellular viruses
b) Cell mediated immunity is faster than humoral

) In humoral immunity lysis of virtually infected cell is by CTC

d) Cell mediated immunity utilizes CD8 cells

3-Negri bodies are caused by

a) Rabies virus

b) Rhinovirus

c) HPV

d) Yellow fever virus

4-Vliruses cannot enter the body by:

a) Blood transfusion

b) Diffusion through skin
c) Respiratory tract

d) Insect bite

5-What type of infection releases viral progeny?

a) Cytolytic

b) Latent

c) Non-productive
d) Abortive

6-At what stage of infection do general symptoms
appear?

a) Incubation Period

b) Prodromal Period

c) Specific-illness period
d) Recovery Period



MCQs

7- When are cytopathic effects most prominent?
A- In Cytolytic Infections

B- In Non-cytolytic Infections

C- Abortive infection

D- None of the above

8- According to host level which of the following is type of viral
infection

A- Abortive

B- Productive

C- Non-productive

D- Asymptomatic infection

9- Inhibition of the viral and the host cell mMRNA translation is
done by

A- aInterleukin
B- B Interleukin
C- vy Interleukin

D- None of the above

SAQ

Q1- What are the cytopathic effects?

Slides 6,7

Q2- Give an example of vertical transmission

Slide 10
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