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Variolation by inhalation was performed in China.
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01. Adolf Mayer (1886)
(German Chemist)
(9 Aug. 1843 - 25 Dec. 1942)

» Contribution :

* A German agricultural chemist whose work on tobacco
mosaic disease played an important role in the
discovery of tobacco mosaic virus and viruses in
general,

*  Demonstrated that the sap of mosaic leaves of tobacco
plant develop the mosaic symptoms when injected to
healthy plants.(In Holland)
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(1) The microorganism must
always be found in similarly
diseased animals but not in

- \ healthy ones.

Sick

a @ The microorganism must
" be isolated from a
- y diseased animal and
grown in pure culture.

@ The isolated microorganism
must cause the original
disease when inoculated

- & . into a susceptible animal.

Sick

o

T - @ The microorganism can be
e~ - reisolated from the
experimentally infected
animal.

Koch’s Postulates: proof of the germ theory of disease.
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Virology: the study of viruses, has been established and has advanced a great deal over the past

century.
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Virology: the science which deals with study of viruses as causative agents of very important

diseases that occurs in human, animals, plants and other living organisms (insects, bacteria, ...)

Virology: is a discipline, which studies the diverse aspects of virus replication and its

consequences to the host cell.
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Virology: is the study of viruses, how they replicate, and how they cause disease.
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TABLE 1.2 Contrasting Properties of Unicellular Microorganisms and Viruses

Property Bacteria Rickettsiae Mycoplasma Chlamydiae Viruses
>300nm diameter* Yes Yes Yes Yes No
Growth on non-living media” Yes No Yes No No
Binary fission Yes Yes Yes Yes No
Contain both DNA and RNA Yes Yes Yes Yes No*
Infectious nucleic acid No No No No Many
Functional ribosomes Yes Yes Yes Yes No
Sensitivity to antibiotics Yes Yes Yes Yes No¢

Some mycoplasmas and chlamydiae are less than 300nm in diameter, and mimiviruses and the other new “giant DNA viruses” are greater than 300nm in
diameter.

bChlamydiae and most rickettsiae are obligate intracellular parasites.

A few viruses contain hoth types of nucleic acid, but one of these types acts as the main functional molecule and the other plays a minor role.

With very few exceptions.
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Parvovirus  Adenovirus  Bacteriophage  Influenza virus Herpesvirus Rhabdovirus
(18-26 nm)  (70-90 nm) (28-100 nm) (80-120 nm) (150-200 nm) (75 X 180 nm) (230 X 400 nm)
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Contains: Centimeters | Millimeters | Micrometers | Nanometers
1 meter 100 ' 1,000 1,000,000 | 1,000,000,000
1 centimeter 1 10 10,000 10,000,000
1 millimeter f 1 1,000 1,000,000
1 micrometer 1 1,000
1 nanometer 1
10 =1x10!
100 =1x10°
1,000 =1x103
1,000,000 =1x108
1,000,000,000 =1 x 10°

Figure 2-1. Representations of metric units of measure and numbers.

Refresher: Orders of Magnitude and Scientific Notation

Virion size: Getting Smaller Virus genome size: Getting Bigger

1000 millimeters (mm) in a meter (m) 1Tmm=10"3m 1000base pairs (nucleotide pairs, bp) in a 1kb=103bp
1000 micrometers (um, or microns) in a Tum=10-*m kilobase pair (kb)
millimeter 1000kb in a megabase pair (mb) 1mb=10%bp

1000 nanometers (nm) in a micrometer 1nm=10""m 1000 mb in a gigabase pair (gb)

1gb=10%bp
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Papillomavirus

Enterovirus

Rhinovirus Herpesvirus
Rotavirus Coronavirus Hepatitis B virus

v

Smallpox virus Mastadenovirus

Filovirus (Ebola virus) Hepatitis D virus Hantavirus
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MSQs on this lecture viruses

Which of the following statements are true about viruses?
(a) Free-living

(b) Obligate parasites

(c) Both (a) and (b)

(d) None of the above

Which of the following is the largest virus?
(a) Megavirus chilensis

(b) Arbo virus

(c) Herpes virus

(d) Mumps virus

Which of the following statements are true about viruses?
(a) Free-living

(b) Obligate parasites

(c) Both (a) and (b)

(d) None of the above

The shape of the Tobacco mosaic virus TMV is
(a) Rod-shaped

(b) Oval shaped

(c) Cuboidal shaped

(d) Spherical shaped

A virus is made up of

(a) Protein coat and nucleic acid

(b) Protein coat and mitochondria

(c) Nucleic acid and cell membrane

(d) Nucleic acid, cell wall and cell membrane

JAEY §yalaall
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Viral Nucleic Acids duug il digsil) (alaal) @ Yy)
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The Viral Capsid: The Protective Outer Shell w2l awals!) @ Ll

e bl Jaloe (e dsans® capsid swlSs Ualae cYIal alaea 3 ViKiON Gl geqil) (malall (56

LAIL cilorg pdl) (yns Jany (B Gy 399 Lad capsid cal® g sase (K6 (gl mie® 9 clay¥) Jia

das il Claagl) (e 230 e gy 8 CAPSIA 2wl (sSiy cale IS . AUAY ) (g il J 630 g () Aduiaal)

. les capsid J<a 8 1 pea o awlSll Koy .CAPSOMErS o Ailaiall protein subunits 4. )

tloa (auplSll ppitise plalin o) (pl€5 ) capsid (e Guilide (e gi (e aaly ~) ) capsid iy JSE (a5
.icosahedral sgagll g de bl of helical Agjls B

s s i o, R SRR S

a3 ¢« nucleocapsid awlSplSenll (<l helix or spiral () J<& e s capsomers 4 acid

ASiia L ity & apll (S5 (B (90l Grmalall Hdiag o5 ¢ loaall 4adi ddgan Laldl (S48 CApSOMErS

Migila ME ) Lhls

Nucleic Capsid

acid I_I_I

|
Nucleocapsid



L s sland d.a] Virology cilug sl ale dagfyl) Spcalaal)

Nucleic acid

Capsomers

Nucleic acid

Capsid begins
forming helix.

polygon alias JS& a9 icosahedron ogasll gyde JS& & d5)e capsids e duwdyll cilug )

L)y 125 facets 4sg ) sides Gila 20 4l « symmetrical bl three-dimensional slay) kb
Qg e Bang 3 o (g pOLEY) (gluie i IS8 o dag IS e JSi saclie COMETS
Os0all ogagll g pdall acadll oY Kl .structural units 4.5 saag 5 identical protein subunits
sasg 3) ( identical protein subunits 60) dalsic duisig p sasg 60 Ol faces Las 20 e (goino

cogagll g pdall LAY 63 AU elid AU SV sanll sa (Las 20 any S &l 0 duc b



g

L s sland d.a] Virology cilug sl ale dagfyl) Spcalaal)

(a) Capsomers Facet

Capsomers

Capsomers

Vertex
Vertex

Fiber

(b)

FIGURE 2.8 Capsid architecture and triangulation number. (A) Virus capsids are composed of viral protein subunits that form structural units. The
triangulation number (7)) indicates the number of structural units per face of the icosahedron. In a =1 virus, one structural unit (composed of three differ-
ent protein subunits: gray, red, and blue) create the icosahedron face. (B) Virion capsids with 7=1, =3, and T=4. The red lines outline a triangular face
of the icosahedron, while the purple pentagons indicate the vertices (fivefold axes) of the icosahedron.
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:The Viral Envelope  wgudll <dad) @ GG
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Figs 4.1A to D: Structure and symmetry of virus: A. Enveloped virus with icosahedral nucleocapsid; B. Enveloped virus with helical
nucleocapsid; C. Non-enveloped virus with icosahedral nucleocapsid; D. Non-enveloped virus with helical nucleocapsid.
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Most Viruses are Enveloped Except

O Non-enveloped DNA viruses—parvovirus, adenovirus and
papovavirus

O Non-enveloped RNA viruses—picornavirus, reovirus,
calicivirus, hepatitis A virus and hepatitis E virus.

Remember that the genomes of most viruses are very small? Why?
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Viral Taxonomy cilugg udll (uial
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48K Glug yd A Sliag ) Caviad 5 1388 .type of host structures infected wladl cauaal) clas)
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calall culial 13) dermotropic Ry el Al A s dailgaa) il ydl) gl ) i Liayl &34 .Viruses
S coangl Dleall eliacl culal 1) viscerotropic s sl dsl) culal 13 neurotropic
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(Soluia (139 slas) dalidal) cilug ,al) distinguishing i identifying aaadl 406Y) soalial) cuiladad dua

A b Ll

¢ (RNA 5 DNA) (g55ill (aslall g3 .1

electron i jSIY) jeadlls ultrafiltration @l =l sl dacdsy 30as 58 WS ¢ virion size gl aas .2
¢microscopy

¢ electron microscopy i iSIY) gaall s21sy LS« morphology (sill (syeaall J<al) .3

« temperature 3))all dayns PH Juagjugll )0 (Al saasy WS ¢ virion stability (el )i .4
o ¢y ) Ly « detergents cilelaidlg lipid solvents duaall ciludall (s y2ills

Aalidal) Ldiadl) @ylall laaaas Al Virus antigenicity (g il Zhacains .5

il 308l aan Chinal b dage (atliad 2l aladiu) I3 s a3 A

1. Nature of the nucleic acid in the virion (DNA or RNA)
2. Symmetry of the protein shell (capsid)

3. Presence or absence of a lipid membrane (envelope)

4. Dimensions of the virion and capsid

J=alh &3 Cua « molecular biology ((Avall sball ale) Ziiall Laglenll Jd b juac & blee il M1 o€
Loy yal) Calia¥) sl oY) juleall Codan «_udlalf cdalf 4 lug il e S aaal (ailadll oda paad
analyses of nucleic acid and (uiglly (59sill paslad) Jodddd 4 4ldil) dagf Julas e lalde) duwd )l

tohy ALY Jala ol (i dime dbile ) Calag yudll il dunld daoyda (V) 549 protein sequence

1. the type, character, and nucleotide sequence of the viral genome.
2. the strategy of viral replication; and
3. the structure of the virion.
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il g jadl) Ciiial daa)
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e genus Waa 2224 ¢ family dile 189 5 corder s, 59 cilug il Caviail ddeall Laalll can ol
daalall L) e JS 8 ey Gl e ICTV g pudl) Caviaal Aulgal) Zial) Cilianss (gl o3 3+ ibusg ol
b€ Cipal T gl e sl clugpudl) cdlile slawd s o caeadll o3 (b . laolaiel & @il caglally
el S . Parvoviridae alla) sl & «Jbal) duw e Alila (93 g < Viridae o 4 5 capital letters

.parvoviruses sl cilug b (Jiall Jass e Anilal) Lgaliide pe Jolalls elawy! e

&t zase s LS Species « Genus « Family « Order SYIS culig pill dagieaill il cradd (sa) (o€ &

TABLE 2.1 Taxa Used to Classify Viruses

Taxon Notes Example

Order Ends in -virales suffix; only Picornavirales
about half of viruses are
currently classified in orders.

Family Ends in -viridae suffix; sub- Picornaviridae
families are indicated with
-virinae suffix.

Genus Ends in -virus suffix. Enterovirus

Species Generally the “common Rhinovirus A
name” of the virus. Classify- (Serotypes include
ing and cataloging anything Human rhinovirus
below the species clas- 1, which includes
sification (such as subtypes, strains human rhino-
serotypes, strains, isolates, virus 1A and human
or variants) is the responsi- rhinovirus 1B)

bility of the specific field.
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TABLE 2.1 Major Families of Viruses Infecting Vertebrates—A Subset of the ICTV Universal Virus
Taxonomy System, 2015

Family Subfamily Genus Type Species Viruses Infecting
Humans
Double-Stranded DNA Viruses
Poxviridae Chordopoxvirinae Orthopoxvirus Vaccinia virus Smallpox (variola)
Capripoxvirus Sheeppox virus

Leporipoxvirus

Myxoma virus

Suipoxvirus

Swinepox virus

Molluscipoxvirus

Molluscum contagiosum virus

Molluscum contagiosum

virus
Avipoxvirus Fowlpox virus
Yatapoxvirus Yaba monkey tumor virus Yaba monkey tumor virus;
Tanapox virus
Parapoxvirus Orf virus Orf virus
Cervidpoxvirus Deerpox virus
Asfarviridae Asfivirus African swine fever virus
Iridoviridae Ranavirus Frog virus 3

Genome Type agiall g4 s bl

the Baltimore System  gasills alss

5 e Al Cilag il clale oyficl 38 ¢y pil) Cheloal JalSl) Jabadal) Jasy asgpil) aginll (Y Bl

ol Ol Sl & oang il psial) o adiel Gl alai pohat 5 Ll (Y duals sl sk

o 2l Glug il el alas Caiay .David Baltimore | gadill v Jugt 83ils e 3l U8 0 81970

&,d\) viral replication strategy (ugsdll cislil 4aiijiul* g genome type (g5sil) (aalal) as> goi*

O 1Y) Lo caieanl) ellyy dadijall ailadll Jodi .(Mmessenger RNA (MRNA) Jufyall (59931 paalal) auial

asiaall oladly ¢ apdl) zgapa o) dayydd) 3yta ((RNA) (55l Gaslall of (DNA) (g55il) Gaalal) (o Wlsa agisall

single-stranded RNA Ll 53jte (gosill (rmalall cilusg y alatll Caia 3 .calln of canga Wl cda ) 35dal)

g o) @) () negative-strand dulu clugd* 5 (+) positive-strand Jaall dulay) clugé* )

Loaf patlls LS L lgaelioad ey Jal (e slad¥) Cange MRNA Jubie Shs) $358 anla gl o camy sy il
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G cp0 DNA (5553 malal) o) (g ¢(lanse fruiiod H3) Sina) oSl sl o 50 Silug yil) lae¥) 8

(RNA) (535l nela
Ailag M B YL dadse gadild Cilegana g llia

class I: dsDNA viruses  Jayydll zgaje s Cilug y 1 AgY) ds ganal)
class Il: ssDNA viruses — Jasydll 3jee Ld cilug b 1400 de ganall
class Ill: dsRNA viruses  Jaall zeaje Uy culug b 14BN de gagal)
class IV: positive-sense ssRNA viruses — slad¥) Caage Jasydll 2ja Uiy g i tdaglll ds ganal)
class V: negative-sense ssRNA viruses slai¥) calla Jasdll 2jie Uy Ciliag b :dsaldd) ds gasal)
oSl Geilly s ) (RNA) (gl el oy 8 2Aautbead] A ganal

class VI: RNA viruses that reverse transcribe.

oSall il g Al (DNA) Sosil) (aleal) cilug i sdauld) ds ganal)
class VII: DNA viruses that reverse transcribe.

Parvoviruses Retroviruses

Poxviruses ss DNA (+ or -) virus ss RNA (+) virus
Herpesviruses Class Il Class VI
Adenoviruses SANNNNS NANNNNS
Papillomaviruses
Polyomaviruses Synthesis of other strand Reverse transcription
ds DNA (%) virus 4 and integration
Class | ds DNA replicative intermediate into host DNA
ds DNA (%) virus
Class VIl i Transcription

wgfs‘(:r)";:ﬁ; d of (-) strand Transcription of (-) strand

Hepadnaviruses

SN\NN\NNS
Can be used MmMRNA

Transcription of (-) strand

directly (+) strand Transcription
ss RNA (+) virus ss RNA (-) virus ds RNA (%) virus
Class IV Class V Class Il
Coronaviruses Orthomyxoviruses Reoviruses
Picornaviruses Paramyxoviruses
Caliciviruses Rhabdoviruses
Astroviruses Filoviruses
Togaviruses Bunyaviruses

Flaviviruses Arenaviruses
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Main Criteria Used for the Classification of Viruses

1.

Type of nucleic acid: Viruses are classified into two main divisions depending on the type
of nucleic acid they possess: Riboviruses are those containing RNA and deoxyriboviruses
are those containing DNA.

Number of strands of nucleic acid: Single-or double-stranded, linear, circular, circular
with breaks, segmented;

Polarity of the viral genome: RNA viruses in which the viral genome can be used directly
as messenger RNA are by convention termed ‘positive-stranded’ and those for which a
transcript has first to be made are termed ‘negative-stranded’

The symmetry of the nucleocapsid

The presence or absence of a lipid envelope.
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Match the following viral structures to their descriptions:

(@) Surrounding lipid bilayer membrane

_\C/?Ef)lr? (b) Complete_ virus pa_rticle, including envelope if it has one
_Spike (©) Surrouqdlng protein coat _ N
_Envelope (d) Projection mao!e of glycoprotein that serves to attach virions to
" Naked Virus specn_‘lc_: receptor sites _ .

_Nucleocapsi q (e) Virion’s genome together with capsid

(f) Virus with a nucleocapsid but no envelope
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Replication of viruses
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Viral Replication il judll caslal
Baine dolea] auadd LSl (LSl 4 Gasy (M) binary fission JSUN UadidU calug il auads
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1. Attachment

2. Penetration

3. Uncoating

4. Replication or Biosynthesis
5. Assembly

6. Maturation

7. Release
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FIGURE 10.18 Viral recognition of an animal host cell. (a) Rhinoviruses have “canyons,” or depressions, in the capsid that attach
to specific membrane proteins on the host cell membrane. (b) HIV has specific envelope spikes (viral glycoproteins) that attach to a

membrane protein receptor on the surface of specific host immune defense cells.
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Bacterial
cell wall

Cytoplasm

Figure 6.17 Penetration of a bacterial cell by a bacteriophage.
After adsorption, the phage plate becomes embedded in the cell wall,
and the sheath contracts, pushing the tube through the cell wall and
membrane and releasing the nucleic acid into the interior of the cell.
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Regulatory proteins to shut down the host cell metabolism.

Site of Nucleic Acid Replication

O In DNA viruses, the DNA replication occurs in the nucleus
except in poxviruses, which synthesize DNA in the cytoplasm

Q In RNA viruses, the RNA replication occurs in the cytoplasm
except in retroviruses and orthomyxoviruses, which
synthesize RNA in the nucleus.

Nonenveloped viruses, because they have no lipid membrane and cannot fuse with the cell membrane,
always enter the cell via endocytosis.
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Enzymes required for various stages of viral replication.
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Fig. 4.3: Steps of DNA virus biosynthesis.
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eRecall: (+/-) dsRNA is double-stranded RNA that acts as a emp a1 € tomake (+) ssRNA for translation.
o Similar to (-) ssSRNA, (ge\ ca5€ enzymes MUST enter wnh (+/-) dsRNA as part of the initial viral infection.
o Replicase uses (+/-) dsRNA as a template to make () ssRNA that is translated or used to replicate dsRNA.
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FIGURE 29-2 vViral growth cycle. The growth cycle of adenovirus, a nonenveloped DNA virus, is shown. (Reproduced with permission from Jaw

Nonenveloped viruses, because they have no lipid
membrane and cannot fuse with the cell
membrane, always enter the cell via endocytosis.
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daibranslly Auilisadl) Jalgell Cibuag padl) dpiliss
Sensitivity to Physical and Chemical Agents
cilie Lis 448 4 \gia 52Dl deilal) d8Leslly 4badll Jalsad) Calidal Cilug ydll dpulis dijre agall (1o
Ajae o LS Lclial) A5l ulail) 3asl (Ko s mode of transmission lgllés) (b Al Larlg Silegg il
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Heat-labile: With a few exceptions, viruses are very heat-labile. They are inactivated within

seconds at 56°C, minutes at 37 °C and days at 4°C.

fdugia 60 4l oda dic Giag il

Stable at low temperatures: They are stable at low temperatures. For long-term storage, they
are kept frozen at —=7(0°C. A better method for prolonged storage is lyophilization or freeze drying
(drying the frozen virus under vacuum, that is, dehydration of a frozen viral suspension under
vacuum, followed by storage of the resulting powder at 4°C or —20°C) or in liquid nitrogen

cylinder.
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Acute Infection salall clilay) : Wik

bl emdl) Lol 028 & (("cOldS® 2l Y3 ¢ JUall duw (Mle) AaSLEN danag puil) LY (0 el Jiaiig
Ji Gl IS5 Giay Losale salall cillal) L e lid) Slead) daulsy Lld Gug il (e paliall 2y Lo sale
ool leadl Lalsal A€ Liad y Gugpelll FISs o i Y iy o canl cJlall dasee o) GabeY) (5 ysels
Jie epidemics dug¥L Uals)l Y baill ooy @libgll slalal docally 8ulad 410 salal) ciblal) Jua el

.(measles i.aally influenza )yislal)

Chronic Infection digjall clbilal) : Ll

& ool i o) o Ala¥) e gl 18 g s Baleay dlsha L) A Salall clbla) e calian e
Persistent Infection (3liall) dasieal) cililial) : Lili

O Y gl s ST Ging Cun cCiadll Al (HSNy eyl Gu G2 il ce LY sda Gaa
sale « Chronic Infection sl cbla¥) e\ & . chudral) Ji8 cuinif div)ualg 0ulST Lasias o) Jdnu (g il
LY c¥la 8 Sl o(Ab1E Lol (5 o L) Chamall (IS U (e Callaal) Ailgh 8 ag ol (g aldnl] o La
ila sl Cipeinal) b Ay salgil) b Gag i) iy o) (v (Bll) opaciced)
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Latent Infection 5yiicall g 4ialsl) cililal) @ Ll

o Jaaddlly dug il clial! ot el pauddi e Dl g il G4S Siiiuad] g) dialSl clila) ls 5_,4
Al 0\l daag yudll lblba¥) it W saley (g wélf ST JaLg Llel! ggaae ia med 2 dbii 8 dls
Herpes simplex virus Jasall (uyell (g s Lla¥) dld Je Jha cChoad) jac

Acute infection

Clearance of virus
and virus-infected cells

Primary infection

Persistent infection

Virus replication level

Primary infection

Continued replication of virus
and virus-infected cells

Latent infection

Reactivation and
recurrent infection

Viral genome
maintenance

Primary infection

£
Initial infection
of a naive host

Time
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PRPAKA| OJ.».A\AA\
As g8l (Ja) gl

DNA Clugyd - Yl
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Families of Viruses diug ,udl) Jisal)
DNA cilug s : Yy
Ol Il LSl . morphologic diasisd)ses chemical il julee o Wl O LS Gy pall Caaial aaing
4y molecular weight  Jujall 43)s) nucleic acid (gosill (aalall (1) e chiaill 3 Zesdiall (ag pill

.(envelope il 3sa99 SYmmetry syalisg Size 4aas) capsid (2) s (structure

Yol sl 48713 Loy nucleocapsid dalo

DNA VIRUSES
dsDNA ssDNA
Naked Enveloped Naked
¢ Adenovirus * Hepadnavirus* * Parvovirus
* Papillomavirus * Herpesvirus
* Polyomavirus * Poxvirus*

DNA cilug b :1 JS&

L

— 4.)Y1 (nonenveloped dilaall ye (5l) naked 4)\xll icosahedral mglawll duig el lug il cDUle 2Y)

able* 4 Polyomaviruses e\);y\ Baaniall il yull Abile®  (Parvoviruses spzaall cilug el dile®  _ag

« Adenoviruses 4l Cilug all dlile * 5 (Papillomaviruses sl a)sll Gilag

Jei Allg Hepadnavirus Lol clug pall dile* o All enveloped families daladll EDAI DUl :Lals,

Cobadl Ligyde Dlugyd o Herpesviruses ugll cilug yé dile* o chepatitis B virus Sl gl (g 8
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DSl (e axd dkae Jaby kLS Ll (Poxviruses (spall cilug yd dlile® 5 ¢ .enveloped icosahedral dilis
b gyl
Parvoviridiae dlile : Yl

¢ agili 22 layhad) 3s Syuiea g b g . juiea ety L) Aalll parvus 4alS (e cils Parvovirus
Lydll yuda linear b DNA (505i yals <lic naked 4yls « icosahedral spagl 4uigpde cilugpd o
i . non-defective y defective : gLl cilugyd (0 plegs dlia . kp 4-2 aas 53 single-stranded
e PArvovirus ilug i L . Kl i lua L 8 (@deno—associated virus Jis) defective )Ll cilag
Loyl 23560 DNA genome agia e (g5iay (3 (Parvovirus B19 (ug,é et non—defective dvadll
<hydrops fetalis (piall clowinl (e (w9l 138w . Single stranded, negative—sense olany) (il
erythema infectiosum Zaedll aleally ¢ Jaill aall j28 ey (sl a@plastic anemia awidDUl aall a8,
Gy (o a9 — (Slapped cheeks syndrome dcgiadll 350al) AaPlia ¢ fifth disease ualadl (yajall)
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Polyomaviridae ails :\ls
gl o clugyll sda mny 508 | judug (apsll) 0ma— 5 (waall) —poly duligdl A< (0 (Giie aY)
«(Aagili 45 labd) naked Lle « icosahedral rebudl Lugude Cilugpd as . Ouladl Grinad) b o)l
5 axs 53 circular supercoiled (44 Cildll) Cdila (54710 double—stranded gyt DNA (5947 paals &)
Oegail 13a Cangios algaiulS (gn ugud ol JC gy Laa Lopiall Gaaysll g pudll (e U1 ALiLall 38w kP
Lgpd) 2SI Pliel auly gl @l BK Gagpdy glaal) b Leclall LDAD L8y ald IS5 Al DA
22 Alia) (il &3 e Jsl OIS (G S 55 Gange andd e (Y1 CaY) e dand) e Gag il daas. g paia

1971 sle 3 alal

VPl

VP2

VP3

Histone
Genomic DNA

Papillomaviridae dLils : G
((fagili 55 lakd) cnaked 4yle cicosahedral pobu| duigpde Slugpd b adal) aysl)l il
el . kp 8 aas g supercoiled (3l Cildil| Céila double-stranded ggiqjs DNA (547 aaals &)
Lalall E\J,‘Y\ <z .human papillomavirus (HPV) gl (rasdad a)gl) (ugnd 8 ABlall 3 (5)dl) (ayedl
sl LCervix carcinoma as)ll gie glajw dime SV iy caall 2Bl e waall 4 warts (Jt)

i) G Yy 8aaae gloil als il il 038 ST cAlgand) gl (e el sl oyl Cilus
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Hepadnaviridae dlile :lay,
((Aagili 48-40) Spia Slugpd o (A8 a3y hepa L (s) Hepadnaviruses LSl culug il
&ila oo sle DNA (504l (aaladl cenveloped dilia cicosahedral psbha) 444 e nucleocapsid <
clph o /25 s ik ubipdd] aa) kbp 3.2 aas &l Ldjs double-stranded circle Ll 4 gia
Ll B 2l Gl clig b e (AL 38 3 5l Gapeall Jalall s Hepatitis B al) cilgall (g b

2SI s LYt il Sianal) CLLENT B - pajally slall 21

Hepaititis B virus

surfoce protein
= 1S + Pres2)

- Lorge weiace protein
(S + PraS2 « Pras)

\ Hepatitis B
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Adenoviridae dlile :luwald

=70) paal) dbugio Clugpd a (3220) Jwtg adenos auedl) aalll () Adenoviruses dpasll il g yuall
DNA (505 piaals o8 Glue (g péll agiins ccubic symmetry LaSe [l jgkii « naked 4yle «( siagili 90
glsily balail Jads Allg dAbilall oda 2l uuss . Kb 48-26 anas < double—stranded Lyl z9iia linear ks
upper and lower respiratory tract  leully (golall il Slgall _alyels cpharyngitis aseldl Qlgall Baratia
s 40 oo Ju Y L dla .gastroenteritis diaes Lg2a cililgilly conjunctivitis (pall daaile ilgilly «disease

.antigenic types Lladl Ll e

ADENOVIRUSES

- COMMON GROUP of VIRUSES

- CAUSE MILD UPPER
RESPIRATORY ILLNESSES

- CAN CAUSE PNEUMONIA

NEUROLOGICAL
DISEASES

DIARRHEA BLADDER

INFECTIONS \j

Herpesviridae dile : Luslw
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Csbudl dLigude nucleocapsid <fi o iagili 100 Wk3) « enveloped dikie cilugpd o»
kp 240-120 22> si double-stranded Lyl z4iis linear i DNA (544 saalay cicosahedral

Lpdall Galye¥) Gl Ablall s3a ot .latent infections dialS cililgdl] s Wil ddg jee Ablal) Gl il

g edlly cvaricella—zostery 2 g 1 g5ill ¢ herpes simplex Juwul) (gl Gugpd & dagal) el
Lilganl) Claagl) B85S i yal Cundl) Epstein—Barr L cplids) (ug by «cytomegalovirus LYAW adiaal)
T cell) 75 6 g5l ¢« human herpesviruses (§dull (gl (ug by (infectious mononucleosis

.(Kaposi sarcoma J wuwll) 8 5 (lymphotropic

HERPES VIRUSES

EPSTEIN-BARR VARICELLA ZOSTER SIMPLEXVIRUS CYTOMEGALOVIRUS
VIRUS

Poxviridae dlile :lailu
sdg o gile & ghie 4i envelope diliq bricklike shape wshl dudy JSG il «Cilag pél] usf o
—130 aaa apis bypdll £91ja DNA (947 paaels )13l complex capsid symmetry L séee wlS
asd lguat S 'POCKS 8y o) yiaa ayg' ) SKin lesions dalall ) bl s cuuss) L kp 375
85511 ¢)a Cueall Molluscum contagiosum dsasall elaglal) (g g (vaccinia) Smallpox virus (gl

LAl 238 2)d) aa) Lea
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Molluscum

Viruses belonging to which of the following groups are likely to establish latent
infections?

(A) Poxviruses

(B) Filoviruses

(C) Herpesviruses
(D) Influenza viruses
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Zanlil) 3 pealaal
A 5yl il gl

RNA Sl 8 1 il
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g i) Jilgal)
RNA el : Lils

Yol e sla 48715 by nucleocapsid daglo

RNA VIRUSES
ssRMNA dsRMNA
(+) (-) (+/-)
MNaked Enveloped Enveloped Naked
* Calicivirus » Coronavirus * Arenavirus® » Reovirus*
* Hepevirus * Flavivirus * Bunyavirus®
* Picornavirus * Retrovirus* * Filovirus*
* Togavirus s Orthomyxovirus*
* Paramyxovirus*
* Rhabdovirus*

RNA il :1 JS&
:RNA cilug b Jilge acal
Coronaviridae 4lile :Ygl
¢gindy « sagili 160 ) 120 (s lgans ol chelical g jls JELT &) « enveloped ddlia iy )< il yé
oladY/ cnge «single—stranded Lylll 1iadl (RNA) Sisusdl fosill paalad) o faa i asis o
ot oradl) LYY dpds «Dlall e 20 IS8 e dndan Silegis W1 . kb 32-27 aaas (positive-sense
Clargall b lgae )i Giyh e mealiy aPlhguadl & Uy )sS (eg il NUCleOcapsids (gosil) walSll (<5 . spike

Slead) bl daia Laabel Lyl Uig o€ g b ued (Gl Al Cifiline Lol iy yudll 038 < AaDlgiand)
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Balad) Lwsdiil) jlgad) daiDlia (g b Jie Hage AadiSal) Aualil) cilag pal) (Yo — "apll Y3 — saladl (golall _nil
(MERS-CoV) duuiitl) hag¥) @4l dadia (ugpdy oaall & oSl (SARS-CoV (yuludl) dadsl)
(SARS-CoV-2) 2 Lig s dadgll dalad) dacdiil] dajdliall Gugd Wydls cAosed) dujedl ASleall 8 2l

2020 ple b asila ) Jsa39 2019 ple Ll b oliml Ty COVID-19iasal Caseadl)

Orthomyxoviridae alile : Ll

o lglsh fly cpand) dbugio Clugpd g "akius S 4l S cortho « Orthomyxoviruses cilug yé
o Suticua Lof dugpudll (351 . helical symmetry Ligjls [LU5 ¢k capsid lgly < iagili 120 ) 80
Jlisal gulll of hemagglutinin (uicisls Legl) blii o (gpiaT duabu gsli 2o cenveloped dilis « Lk
negative— sla5y/ cullu «single—stranded Ly, il 4és Jias clinear é,b 4 agiall . neuraminidase
Copaill ealy . Lgie J9 laigal€e 2350 ) 890 e el ol . hb 13.6-10 Alesy) 4ans dlug sense
influenza viruses [3iglai¥| cilug ud Orthomyxoviruses cilug b Jeds L4all (Lie & desyd Guh e

Tend lilgaall S oad G Al (/nfluenzavirus A, Influenzavirus B, and Influenzavirus C)

-

oo 1535V Cilass b (e laag b e Ladic reassortment sl assil slels g il asiadl sfiaall daglal)

a9l reassortment casll sale] o sl 1355l il o radal) lall el Jasall 3 3es Laa cZall)
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influenza ) A [3isli¥) cilug ;b (e Basaa Aoyl Ails VM Hsels juts (5AY) glsi1 (1 transmission allaly

.A viruses
Influenza virus
. P ) ﬁ P Hamagglutinin |
- (tonenianal)

Nukleokapsid

NP (Nukleoprotein)

Paramyxoviridae alile : GG
Luilblial) clugpdl aas Fohl (blaa' b il LS amyx0 ¢ jglaa o) qu' Jan asy WS (para)
dilis . Polymorphic JIS3Y) bisie duugpdl 8 .(4iasili 300-150) Paramyxoviruses
i) pasladl aas glyg «(helical nucleocapsid i L) D danlSplSa <3 enveloped
o« negative-sense olaiyl cllully fiaall oég single-stranded Lyl yéo linear LiJ (RNA)
oda Jadii . aPbgindl & hemagglutinin &gl Lal)lly nucleocapsid &gl alSl) (0 IS 06< &5 . 16-20
Parainfluenza J3ilay) jdii, (Measles 4uaslly (Mumps Gilsill Jie Haal) cavad Cilug i de gasdll
Respiratory syncytial virus 4.l dgliall clugpdlly (Human Metapneumovirus sy
Cilag pdll ol cinfluenza viruses 1yslal) cilug b (o (adil) oy .5agana Ciilias gl cilug il s3a .Human

. Lyg 8y8uue paramyxoviruses dulalaLl)



L9 s slaud 2 Virology cilug il ale

only one serotype 1 fever
of the measles virus
" rash
:f' (4@ - conjunctivitis
Al ‘I Lo runny nose

cough/sore throat

Koplik’s spots

Rhabdoviridae dils :lay),
ddlio ciligipd e 3)ae Rhabdoviruses disall cilus il (" rod Lae gf cplad 23 &l LIS «rhabdo)
lely « AY Cibll (o Spdicag lgndh asf a dabwa cbullet-like virions dwlaydl 4,47 enveloped
Ao DI (gping . lagili 180 % 75 s lgulid iluy chelical symmetry igis [EU5 ¢kis capsid
«unsegmented [iaa & . single-stranded 1. Jinear b3 s apiand). iagili 10 J sk spikes sl
(e aeptil) Gy o lgaal day Cilg i) s slats L AD 15-11 4ans cnegative—strand oY/ cllu RNA

e ganall 028 38 aa) sa Rabies virus lsl) gla (ug b ey Ciiliae gl il pal) AA) clie

Rabies infection pathway
o;:?:l:."::.m' Qovw-m
Al encephalilie. ,v“

© Virus ascends
spinal cord.

€) Virus moves up
peripheral nervous
sysiem 10 CNS.

€) Vieus replicates in
MUsCle mear bite,

© Virus srdors tiasus from
saliva of Biting animal

Rabies virus i<l ¢la (g b
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Bunyaviridae dlils :luald
dilia spolymorphic JISi¥) s1uia gf spherical 4,8 Luugpd (501 & Sle b Bunyavirus clugué
single— Ll yda cefinf L 0 RNA agics 0950 . iagili 120 ) 80 ;e lglsk &y « enveloped
ool B8 (it . MasY aandl G kb 19-11 « Laase o negative-stranded olasy/ il «stranded
3000-200 (¢lshy siasili 2.5 s> ki Jiif circular helical capsids duigjls 4udly suls &0 e
ol Olea A aennll Gk e envelope (BB e Jsasd) Sy aPbigidl A Chelaall dasy L degil
Alilal) o2a 2131 (e . (arboviruses dilasall Gilug yidll) Gliliatall 3y e Gyl ) cilug all sl dulle Jaw
DAL Jla) anb e dald clbladd) 33y e Hantaviruses Lila cilug yé Jaiw « Hantaviruses sa
o s Asanall LBl (& pag ol Glasiul 3k e o Aage bl Glad) Gajlill Jor ol Glad o Sl aa
L) Plaelg hemorrhagic fever Lanll el cilag all oda s & glall cBlill @erosols (gsall clgll 33y

.encephalitis ¢ Ll wlgill 9 acute pulmonary syndrome sals 443, da32lia @llXSy nephropathy

Glycoprotein {(Gn and Gc)

Family Bunyaviridae dlile a)8) as)
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Arenaviridae dlile :luilu
Lydd) 3ha RNA (544 paalag helical igjls (ulSplSss) 595 swlsl cenveloped ddlte Slug pd
cage RNA g8 cufinll OIS (s ¢n) -culis A negative-sense slaiy) culu «5ls ssingle-stranded
"sand Jol) s arena plaas . (silall ué agindl Jis ciagl ambisense RNA pelbas aiiiug «Lubdll
Sl 038 g SN Apgnal) seall 3 sasadl g il mhae ey 3l ey Delae ol il ) udisg
CaleY) Sl e Q) g il 038 oels ) il ) DS e D pens Clasugny o Ble adlsll E
2> g5 lymphocytic choriomeningitis virus (gslialll dsasdially Llad) lgill (ugpd Lea oyl

.Lassa fever virus LN

e % RN
)
/ Lipid

Trimeric Membrane Bilayer
Glycoprotein Spike

Arenaviridae 4lile
Filoviridae dlile :lalu
s paalsg helical nucleocapsid  -igils (555 suls <l enveloped dilis cilugd (o 5lac s
negative— sla5y/ cllw cunsegmented awis & (linear Lbs single-stranded Lyl 144 (RNA)

YT ) sk dear o oSa oS0y siagili 80 laphad aly JISEY) 5aaie dlgh gk e e a9 .SENSE
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Vol g Len Gl lcapaall (Plalall L ALshall Lgetll ) jdog " filo Lyadl ey shé sllacadll .culiagilil
.Marburg virus wJu g 9 Ebola virus

Nucleoprotein (N)

Transcription

VIRION factor VP30

@ o
> — i
& 3

7o)

Polymerase 4
cofactor VP35 3

Polymerase (L)

Matrix VP40

Ebola virus Ysu¥) (g b

Which one of the following viruses possesses an RNA genome that is infectious
when purified?

(A) Influenza virus

(B) Coronavirses

(C) Papillomavirus

(D) Measles virus
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