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> General characteristics of viruses.

> Structure & symmetry of viruses.

> Classification of viruses.

> Steps of virus replication.

> Laboratory diagnosis of viral infections.



Properties of Microorganisms

Parasite Fungir  Bacteria | \Virus

Cell Yes Yes Yes No

Type of Eukaryotic = Eukaryotic 'Prokaryotic — -----
nucleus

Nucleic acid = Both DNA Both DNA Both DNA DNA or
& RNA & RNA & RNA RNA

Ribosomes Present Present Present Absent
Mitochondria Present Present Absent Absent
Replication Mitosis  Budding or | Binary | Special

MmItosIs fission



Characteristics Of VIrUSes

[\ Nonenveloped virus

> Acellular organisms

> Tiny particles 7
Internal core s
Protein coat (z) Enveloped virus
Some Vs have lipoprotein mb (envelope) o

> Obligate intracellular organisms
> Replicate in a manner diff from cells
(1V —— many Vs) i

envelope
membrane




Size : 20-300 nm




Viral Structure

1_ Viral genome g Nonenveloped virus

Nucleic acid

2' CapS|d =) Enveloped virus

3- Envelope

Envelope

Proteins in
Nucleic acid envelope
membrane




Viral Structure

(Deoxyribonucleic acid) (Ribonucleic acid)
> All DNA Vs have ds > All RNA Vs have ss
except Parvoviruses except Reoviruses
> Single molecule ~ Single / double
> (+) polarity
> (-) polarity

All Vs are haploid, except retroviruses are diploid




Viral structure

Nucleic acid

> a protein coat

> Subunits (capsomeres)

> Genome (NA) + capsid
= nucleocapsid

> Function;
o Protects NA
o Faclilitates its entry into cell

Nucleocapsid l

Morphological unit

or Capsomere



based on arrangement of capsomeres

> Cubic symmetry
(‘Icosahederal’)

> Helical symmetry

> Complex symmetry



based on arrangement of capsomeres

> 1-Cubic symmetry
(‘lcosahedral’)

Capsomer
o A s o

Adenovirus HEerpes virus



based on arrangement of capsomeres

> 2- Helical symmetry.

Several rows of protomers have
been removed to reveal nucleic acid
surrounded by a hollow protein cylinder. [}

Elongated Pleomarphic
(filoviruses) (influenza v.)

> 3- Complex symmetry.
POXVIFUSES



http://www.ncbi.nlm.nih.gov/ICTVdb/Images/Murphy/ebola.htm

Py Nonenveloped virus

Viral structure

Nucleic acid

(=) Enveloped virus

Lipoprotein mb
(host lipid, virus specific protein)

Capsid

Envelope

> During viral budding N e
~ Envelope Is derived fromcellmb
except herpesviruses from nuclear mb
> Enveloped Vs are more sensitive to
heat, dry & other factoers than nenenveloped Vs
> Glycoprotein attaches to host cell receptor




Viral proteins

T'he outer viral ps
> Mediate attachment to specific Rs \
> Induce neutralizing Abs
> Target of Abs

The internal viral ps

> Structural ps ( capsid ps of enveloped Vs ) ét':asz,‘:x::;.:::;d
> Nonstructural ps ( enzymes)
. All sSSRNA Vs (-) polarity have transcriptase \Q,Vo'.:'z;::‘..':..“::;‘::m,
( RNA dependent RNA polymerase) inside i
Virions
o RetroVs & HBV contain reverse transcriptase




Classification of viruses

ENVELOPED NON-ENVELOPED

> Type of NA

> The no. of strand
> The polarity

of viral genome
> The presence or
absence of envelope

> Type of symmetry

Retroviridae Rhabdoviridze

Caliciviridae

Filoviridae




Medically Important \Viruses

double-stranded

/N }

Single-stranded

]
lcosahedral. Complex Icosahedral Icosahedral

Parvoviridae  Poxviridae Herpesviridae  Adenoviridae
Hepadnaviridae Papovaviridae



Medically Important Viruses

mgle stranded double-stranded

Pos Strana
Icosahedral
Hellcal - - Reoviridae
Orthomyxoviridae Helical l
Paramyxoviridae  Coronaviridae  |cgsahedral
Rrzocovirdzs icosahedral  pjcornaviridae
Fllg7lieis Togaviridae Hepeviridae

Bunyaviridae
Arenaviridae

Flaviviridae Caliciviridae
Retroviridae Astroviridae



Replication

> Adsorption
(Attachment)

> Penetration
> Uncoating

> Synthesis of viral
components

MRNA

Viral proteins
NA

> Assembly
> Release

ADENOVIRUS

®

1
ADSORPTION

9
RELEASE OF

VIRUS AND LYSIS
OF INFECTED CELL/4

8
ASSEMBLY \ Synthesis of late

proteins (capsid

. / proteins)

Synthesis of progeny viral
DNA and late mRNA

i (

LATE
TRANSLATION

Cytoplasm

Nucleus

2
PENETRATION

Viral DNA
Early proteins
Viral mRNA
Viral capsid
Viral protein

3
\UNCOAT|NG

Viral DNA in
the nucleus

Ribosomes

4
EARLY
TRANSCRIPTION

Synthesis of early
proteins (enzymes such

as DNA polymerase) — Synthesis of

early mRNA

i

EARLY
TRANSLATION

~—

6

DNA SYNTHESIS

AND LATE

TRANSCRIPTION




Adsorption

>

- glycoprotein

A

it o)

R o B Receptor in host
e RS TRE S cell membrane
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- folding In the capsid proteins.




Penetration

Enveloped Binding of ~ :i ; irion

virus SR AV T
e = R ﬁm“‘”ﬂlfmﬂzmﬂm
Host receptior
Binding of
L avirustoa

Host cell a Invggination
host cell

membrane of the membrane

membrane / i\\\ﬁ\‘mﬂmm . d@ﬁﬁﬂﬁﬁﬁ

receptor

Fusion of viral

envelope with x i Formation of an
the host cell )i endocytotic vesicle

membrane

Nucleocapsid : oA
enters the cell 21

Endocytotic

vesicle virion into

cytoplasm

> Enveloped Viruses
fuse with endosome mb.

> Noenenveloped Viruses
lyse, or pore em.

(enveloped virus)



Replication

> Adsorption (Attachment)
> Penetration
>
Release of viral genome - cytoplasm
- nucleus



> MRNA

Viral genome transcription MRNA

B

+SSRNA acts directly

> Viral proteins
MRNA translation  viral proteins
cell ribosome - enzymes
- structural ps

> replication of viral genome



Replication

> Adsorption (attachment)

> Penetration

> Uncoating

> Synthesis of viral components
MRNA
Viral proteins
NA

NA V. proteins \Virions

> Release



> 1-Budding
(enveloped Vs)
-cell mb*
-nuclear mb
(herpesVs)

Virus-specific glycoproteins are
synthesized and transported to
the host cell membrane.

g—<——- Viral protein

The cytoplasmic domains of
membrane proteins bind

Nucleocapsid

B A nucleocapsid is enveloped by
ne.

the hos ell memb

The host cell membrane provides
the viral envelope by a process
of "budding'.-

The enveloped virion is
from the host cell.

> 2- Cell lysis
or rupture of the cm
(nonenveloped Vs)



laboratory diagnaosis of viral
Infections

> Microscopic examination.
> Cell culture.

> Serological tests .

> Detection of viral' Ag.

> Molecular method .



IMicroscopic exammatlo

>

Histological appearance
EX. Inclusion bodies

Owl S eye (CI\/IV)

>

o Morphology& size of virions
o EXx. Diagnosis of viral GE such as rota, adenoviruses.

Diagnosis of skin lesion caused by herpes, or
POXVIFUSES.

o It Is replaced by Ag detection & molecular tests



> Electron micrographs
Rotavirus AdEenovirus




Virus cultivation

> Laboratory animals
> Embryonated eggs
> Cell culture






Cell culture

No of sub passages

Primary C/C

Diploid C/C
[semi continuous]|

Continuous cell line

......




Variation in Sensitivity of cell cultures to infection by viruses
commonly isolated in clinical virology laboratories

: Cell culture?
VIrus
PMK HDF HEp-2
RNA virus
Enterovirus +++  ++ +/-
Rhinovirus + +++ i
Influenza virus L o
RSV
DNA virus
Adenovirus + 2 T
HSV + ++ s
VZV + +++ —
CMV - +++ =

PMK, primary MK. Degree of sensitivity: +++, highly sensitive;++, moderately
sensitive; +, low sensitivity; +/-, variable; -, not sensitive



Detection of viral growth

Cytopathic effects

Viral infections that resuilt
in host cell fusion

Viral proteins

Hostcell Host cell nucleus
Viron

arii wloe

Uninfected cc| Cell rounding *# Syncytium

Giant multinucleate cell




> Long Incubation (up to 5 days)
> Sensitivity IS variable
> Susceptible to bacterial contamination

> Some viruses do not grow In cell culture
e.g. HCV



> Shell Vial Assay

> Detect viral
antigens

> 1-3 days

Centrifugation

Inoculation

add

_'> inoculum

Urine
spaciman

Examination

B bl B ]
16 hours
T 2H2.4, monoclonal antibody to CMV

@ Control

Fluorescencs
@ Control

| prateinz
hurnan




Antigen detection;

test
> Nasopharyngeal aspirate InfluenzaVV. IF
> SKIn scrapings HSV IF
> Faeces Rotavirus ELISA

> Blood HBV(HBsag) ELISA



Antibody detection;
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=
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> e.g. of technigues

> Complement fixation test (CET)

> Immunofluerescence (IF)

> Enzyme- linked immunosorbent assay (ELISA)



Immunofiuorescence: |-

> A- Direct

Fluorescent

GeRshe W Ag detection;

= Cell surface

o Sample (Ag)

]@Hw MA B f ot origi[:wtglgzﬂ%/ibtogdy > B_ I nd I re Ct
- Y ILEREE E K ,,._‘ : :
_ QM | Ab detection;

o Sample (Ab)




Fig. 3
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ELISA
Ab detection ~_Ag detection

= Antlbody specific for an
| _— Plastic plate antigen of interest is bound
to the walls of a plastic
microtiter well.

Antigen
% Antibody

Well

Enzyme sar—— 3 5 D
% i Patient serum is incubated

in the well. Any antigen in the
serum is bound by t
antibody on the well walls.

Anti-antibody

@) O O Colorless
O Substrate

... product e 5 ody 5 .
el Cs eclflc for a SO
e different epitope
- Oon the antigen o

v abeled antibody
is added to the well and
binds to the antigen.

Enzyme makes colored product

Indirect ELISA for Ab detection
coloured wells indicate reactivity. EF felstprodussa i prieerl e




Molecular test:;

> Polymerase chain reaction (PCR)
o NA amplification technique.
o Viral genome
> Uses;
o Diagnosis
o Monitoring response to treatment
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