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Important Note:
The Required Material for the Exams: ~
Section IV (Virology) in the provided textbook:
Jawetz Medical Microbiology

References

= Jawetz, Melnick & Adelberg's Medical
Microbiology. 26th edition. New York : London:
McGraw-Hill Medical ; McGraw-Hill, 2013.

ICROBIOLOGY,

LANGE :

= Recent original and review articles in high impact
and well renowned scientific journals
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» What is the viral disease?

= What is the clinical disease caused by a
viral infection?

= What is a syndrome?

Principles of

. . = What is the subclinical infection?
Viral Diseases , . ,

= What is the viral pathogenesis?

= What is the disease pathogenesis?
= What is a pathogenic virus?

« What is a virulent virus?




Types of host
and cellular

responses to
virus infection

Discernible effect

Below visual change

Cell response Host response
Lysis of cell Death of organism
Classic and

Inclusion body formation .
severe disease

or
Cell transformation
or
Cell dysfunction Moderate severity
Mild illness
! \
Viral multiplication H \ Infection without
without visible change i ‘\ clinical illness
or incomplete ;’ ‘\ (asymptomatic
viral maturation It \ infection)
/
i \\
Exposure without i ) Exposure
attachment or i \ without
cell entry H \ infection

Iceberg concept of infection
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Clinical disease

Subclinical disease
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Principles of Viral Diseases

Many viral infections are subclinical
The same disease may be produced by a variety of viruses

The same virus may produce a variety of diseases
The disease produced bears no relationship to viral
morpholog

The outcome in any case is determined by both viral and
host factors and is influenced by the genetics of each




Important
features of two
general categories

of acute viral
diseases (local vs.
systemic)

Local Infections

Systemic
Infections

Specific disease example

Site of pathology
Incubation period
Viremia

Duration of immunity

Role of secretory antibody
(IgA) in resistance

Respiratory
(rhinovirus)

Portal of entry
Relatively short
Absent

Variable—may
be short

Usually
important

Measles

Distant site
Relatively long
Present

Usually
lifelong

Usually not
important
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Steps in Viral Pathogenesis

A. Entry and B. Viral C. Cell Injury
Primary Spread and and Clinical
replication Cell Tropism lliness

D. Recovery
from
Infection

E. Virus
Shedding




Common Routes of Viral Infection in Humans - Respiratory Tract
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Produce Local Symptoms at

Produce Generalized Infection Plus

Virus Group Portal of Entry Specific Organ Disease
Parvovirus B19
Adenovirus Most types

Herpesvirus
Poxvirus
Picornavirus
Togavirus
Coronavirus
Orthomyxovirus

Paramyxovirus

Epstein-Barr virus, herpes simplex virus

Rhinoviruses

Most types
Influenza virus

Parainfluenza viruses, respiratory
syncytial virus

Varicella virus
Smallpox virus
Some enteroviruses

Rubella virus

Mumps virus, measles virus



Common Routes of Viral Infection in Humans - Mouth, Intestinal Tract
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Produce Local Symptoms at

Produce Generalized Infection Plus

Virus Group Portal of Entry Specific Organ Disease
Adenovirus Some types
Calicivirus Noroviruses

Herpesvirus

Picornavirus

Reovirus

Epstein-Barr virus, herpes simplex virus

Rotaviruses

Cytomegalovirus

Some enteroviruses, including poliovirus,
and hepatitis A virus
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Common Routes of Viral Infection in Humans - Skin

Produce Local Symptoms at

Produce Generalized Infection Plus

Virus Group Portal of Entry Specific Organ Disease
Mild trauma Papillomavirus Most types
Herpesvirus Herpes simplex virus
Poxvirus Molluscum contagiosum virus, orf virus
Injection Hepadnavirus Hepatitis B
Herpesvirus Epstein-Barr virus, cytomegalovirus
Retrovirus Human immunodeficiency virus
Bites Togavirus Many species, including eastern equine
encephalitis virus
Flavivirus Many species, including yellow fever virus
Rhabdovirus Rabies virus
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S| Mechanisms of spread of virus through the body in human viral infections

Influenza (respiratory)

Infection Rotaviruses (intestinal)
¢ / Warts (skin)

Body surface +
//___———/___:
Lymph node +
yme —> Movemsnt of virions
,} = Sites of shedding
Blood + Possible sites of
(primary viremia) replication

/ o
>0\

Liver +
{endothelium)
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Blood
(secondary viremia)

I Hepatitis B
/ Arboviruses

Nasal and
oral mucous Lung +,
membranes + Skin + Brain + salivary gland +, kidney +
ﬂ @ Noﬁshedding @
Varicella Zoster Poliovirus Measles
Measles Rabies Mumps
Rubella Measles (SSPE) Cytomegalovirus

12
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Viruses Spread Via the Bloodstream

Cell Type
Associated

Examples

DNA Viruses

RNA Viruses

Lymphocytes

Monocytes-

macrophages

Neutrophils
Red blood cells

None (free in
plasma)

Epstein-Barr virus,
cytomegalovirus,
hepatitis B virus,
JC virus, BK virus

Cytomegalovirus

Parvovirus B19

Mumps, measles,
rubella, human
immunodeficiency
virus

Poliovirus, human
immunodeficiency
virus, measles virus

Influenza virus

Colorado tick fever
virus

Togavirus,
picornavirus
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Host Immune Response

Cytotoxic T lymphocytes

Secretory IgA antibody

Neutralizing antibody
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How viruses evade host immune response?

Infecting cells
of the immune
system

Infecting cells
with low level
of MHC
molecules

Encoding
immunomodula
tory proteins
that inhibit MHC
function

Encoding Developing
immunomodula immune escape
tory proteins mutations

that inhibit
cytokine activity

15
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Herpes simplex 1 virus Varicella virus

e —
< |
ot \‘ () { Primary Viral transit up
\‘-Q‘( infection peripheral nerve

Neuron in dorsal
root ganglion

Spinal cord

Mild pharyngitis

or stomatitis Chickenpox
Fever Age _
Sunlight to face X-irradiation } Activation of
Menstruation (act via depressed CMI) | S i Detron

Nerve section at /F\.‘\
cu\)/ .//)l \\é

Viral transit down

peripheral nerve
Recurrence

ingles) 16

Cold sore Zoster (sl

16
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1. Measles

2. Subacute sclerosing
panencephalitis

3. Influenza,

yellow fever
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Threshold of apparent infection

(clinical disease)

—
]

5. EEE in birds

6. Human
papilloma

7. Adenoviruses

Activation of virus production
in the original host

Course of disease

Presence of occult virus

8. Herpes simplex

10. Swine flu from
lungworm

11. LCM virus in
newborn mice

12. LCM virus in adult
mice

13.

17
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Overview of Acute Viral Respiratory Infections

Viral Infections of the Respiratory Tract
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Most Common Viral Causes®

Syndromes Main Symptoms Infants Children Adults
Common cold Nasal obstruction, Rhino Rhino Rhino
nasal discharge Adeno Adeno Corona
Pharyngitis Sore throat Adeno Adeno Adeno
Herpes simplex Coxsackie Coxsackie
Laryngitis or croup Hoarseness, Parainfluenza Parainfluenza Parainfluenza
“barking” cough Influenza Influenza Influenza
Tracheobronchitis Cough Parainfluenza Parainfluenza Influenza
Respiratory syncytial Influenza Adeno
Bronchiolitis Cough, dyspnea Respiratory syncytial Rare Rare
Parainfluenza
Pneumonia Cough, chest pain Respiratory syncytial Influenza Influenza
Influenza Parainfluenza Adeno

*Most commonly reported respiratory viruses vary, depending on the study design, subject population, detection methods and other

factors (eg, time of year).
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Overview of Viral
Skin Infections

Pox, Papilloma, HSV, MCV
Arbo
Rabies, herpes B

HBV, HIV

Papule

Plaque
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Fissure
Erosion

L/

Vesicles

Bulla
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Viruses
CMV
EV
HSV-1
HSV-2
HHV-6
HPeV
VZV
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Overview of Viral
CNS Infections
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Overview of

Congenital Viral
Infections

Virus
Susceptible
pregnant woman
Spontaneous - ) | ( > Normal
abortion fetus
@ Maternal v,
&° infection "o,
® "
Amnionic Placental
infection Ova infection
Fetal
//in 1edi°&
Normal Infected Fetal death Malformation
fetus fetus (abortion; ( + death)
( + disease) stillbirth)
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Acquisition of
Significant

Perinatal Viral
Infections

Frequency of Time of

10/19/2021

Infection
Neonatal
Prenatal Natal Postnatal Incidence
(In (during (after (per 1000
Virus Utero) Delivery) Delivery) Live Births)
Rubella + - Rare 0.1-0.7
Cytomegalovirus + s + 5-25
Herpes simplex + —— + 0.03-0.5
Varicella-zoster + Rare Rare Rare
Hepatitis B + ++ + 0-7
Enterovirus + +4 e Uncommon
Human immuno- + ++ - Variable
deficiency
virus
Parvovirus B19 + - Rare Rare

22
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Effect of Host Age
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Diagnosis of
Viral Infections

(1) Cells infected with
herpes simplex virus

it g

(2) Cells infected with
influenza virus

Cells taken from patient are examined for
evidence of viral infection, such as cytopathic
effects (1) or virus antigen detected by
fluorescent staining (2).

Signs and symptoms: Patient is observed

for manifestations of typical virus infections.

This is herpes simplex, type 1.

10/19/2021
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Diagnosis of Viral Infections

Rotavirus Hepatitis B

Dane Filament
particle

Cell culture

- g A Electron microscope is used to view virus directly.
Cl{]tflre teChn'qU953‘V'ruses require Viruses are sufficiently unique in structure that
a living host to multiply. they can be differentiated to family or genus.

25
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Diagnosis of Viral Infections

~ 8 O\ ,‘N_
~S [o)
NS 4
~r e
~r Q
~r - 0
NS ~ b
~ Cz
NS
~r . ¢
~NS o
Probes G =
Positive
reaction

Western blot for HIV

Genetic analysis (PCR): Detection of viral nucleic acid
using specific probes.

26

Serological testing for antibodies
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Antiviral
Chemotherapy

Drug Analog M. f Action Viral Spectrum

Acyclovir Yes Viral polymerase inhibitor Herpes simplex, varicella-zoster

Amantadine No Blocks viral uncoating Influenza A

Boceprevir No HCV protease inhibitor HCV genotype 1

Cidofovir No Viral polymerase inhibitor Cytomegalovirus, herpes simplex, polyomavirus?

Didanosine (ddl) Yes Reverse transcriptase inhibitor HIV-1, HIV-2

Entecavir Yos Reversa transcriptase inhibitor HBY

Foscammet No Viral polymerase inhibitor Herpesviruses, HIV-1, HBV

Fuzeon No HIV fusion inhibitor (blocks viral entry) HIV-1

Ganciclovir Yes Viral polymerase inhibitor Cytomegalovirus

Indinavir No HIV protease inhibitor HIV-1, HIV-2

Lamivudine (3TC) Yes Reverse transcriptase inhibitor HIN-1, HIV-2, HBV

Lopinavir No HIV protease inhibitor HIV-1

Maraviroc No Entry inhibitor (blecks binding to CCRS) HIV-1

MNevirapine No Reverse transcriptase inhibitor HIV-1

‘Oseftamivir No Viral neuraminidase inhibitor Influenza A and B

Raltegravir No Integrase inhibitor HIV-1

Ribavirin Yes Perhaps blocks capping of viral mRNA Respiratory syncytial virus, influenza A and B,
Lassa fever, hepatitis C, others

Ritonavir No HIV protease inhibitor HIV-1, HIV-2

Sagquinavir No HIV protease inhibitor HIV-1, HIV-2

Stavudine (d4T) Yes Reverse transcriptase inhibitor HIV-1, HIV-2

Trifluridine Yas Viral polymerase inhibitor Herpes simplex, cytomegalovirus, vaccinia

Valacyclovir Yes Viral polymerase inhibitor Herpesviruses

Vidarabine Yas Viral polymerase inhibitor Herpesviruses, vaccinia, HBV

Zalcitabine (ddC) Yas Reverse transcriptase inhibitor HIV-1, HIV-2, HBV

Zidovudine (AZT) Yes Reverse transcriptase inhibitor HIV-1, HIV-2, HTLV-1
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Interferons

Type
Property Alpha Beta Gamma
Current IFN-ce IFN-B IFN-y
nomenclature
Former Leukocyte Fibroblast Immune
designation interfercn
Type designation Typel Typel Typell
Number of genes 220 1 1
that code for
family
Principal cell Most cell Most cell Lymphocytes
source types types
Inducing agent Viruses; Viruses; Mitogens
dsRNA dsRNA
Stability at pH 2.0 Stable Stable Labile
Glycosylated No Yes Yes
Introns in genes Mo No Yes
Homeology with 80-95% 30% <10%
IFN-ct
Chromosomal 9 9 12
location of
genes
Size of secreted 165 166 143
protein
(number of
amino acids)
IFN receptor IFNAR IFNAR IFNGR
Chromosomal 21 21 &
location of IFN
receptor genes 28
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| Virus titer
Interferon titer
L rr _
A
N Antibody titer r'
Kinetics of interferon and ] '/+ 7
antibody synthesis after : Iid
respiratory viral infection | /s’ |
:. ""/'
) IO‘
."- | el /4 gy
7 7 /
0 5 10 14 21 28
Days after infection
29
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Viral
Vaccines

Number of cases (in thousands)
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Viral Vaccines

Use Vaccine Type Cell Substrate
Common Hepatitis A Killed Human diploid fibroblasts (MRC-5)
Hepatitis B Subunit (HBsAg) Yeast (recombinant DNA)
Influenza A and B Killed Embryonated chicken eggs
Influenza A and B Live (intranasal) Embryonated chicken eggs
Measles Live Chicken embryo fibroblasts

Special situations

Mumps
Papilloma
Poliovirus (IPV)
Poliovirus (OPV)
Rabies

Rotavirus®
Rubella
Varicella
Zoster

Adenovirus®

Japanese encephalitis®

Smallpox
Yellow fever

Live
Subunit (L1)
Killed

Live

Killed

Live
Live
Live
Live

Live
Killed
Live
Live

Embryonated chicken eggs and chicken embryo fibroblasts

Yeast (recombinant DNA)

Monkey kidney cells (Vero)

Monkey kidney cells

Human diploid fibroblasts (MRC-5) or rhesus fetal lung diploid
cells or chicken fibroblasts

Monkey kidney cells (Vero)

Human diploid fibroblasts (WI-38)

Human diploid fibroblasts (MRC-5)

Human diploid fibroblasts (MRC-5)

Human diploid fibroblasts (WI-38)
Mouse brain

Calf lymph

Embryonated chicken eggs
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Thanks for listening |

ds
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