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David Baltimore classification scheme
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LEEl - Bl The Baltimore System
Group Dyescriptior

I Double-stranded DINA genome
genorme replicatiorti: dsIDINA —> dsIDINA
mRINA syrnthesis: dsIDINA —> 1 RINA

Single-stranded DINA genome
genome replicatiort: ssIDINA —> dsIDINA —> ssIDINA
11 RINA synthesis: ssIDOINA —> dsIDINA — mmRINA

Double-stranded RN A genome
replicatiori: dsRINA —> ssRINA — dsRINA
I RINA synthesis: dsRINA — mRINA

Plus-strand RINA genome
replicatiori: + RINA — —RINA — + RINA
M RINA synthesis: + RINA — mRINA

Negative-strand RINA genome
replicatiori: —RINA — + RNA — —RINA
M RINA synthesis: —RINA — »nRINA

Single-stranded RINA genome
replicatiori: ssSRINA —> dsIDINA —> ssRINA
M RINA synthesis: ssRINA —> dsIDINA —> »nRINA

Double-stranded gapped DINA genome

replicatiori: gapped dsIDINA —> dsIDDDINA — + RINA —
—IDINA — gapped dsIDINA

M RINA syrnithesis: gapped dsIDINA —> dsIDDNA — mmRINA




David Baltimore .8

m Born: 7 March 1938 (New York City) \ e
= Nationality: USA ﬂ..ﬂ
m Fields: Biology

m Institutions: MIT, Rockefeller U, Caltech, Alma
mater Swarthmore College

m Known for Reverse transcriptase

m Notable awards: Nobel Prize in Physiology or
Medicine (1975)



Group |- 2S DNA viruses

m largest group
m most bacteriophages

m Important vertebrate viruses
= Herpesviruses

= Human papillomavirus
= Nucleo-cytoplasmic large DNA Viruses
Poxviruses and Mimivirus




Adsorption, penetration, and DNA Injection
empty capsid remains outside of host cell

(a) Landing (b) Attachment (c) Tail contraction (d) Penetration (e} DMA injection
and unplugging

“Receptor”

specific surface
structures on host

can be proteins, LPS
(lipopolysaccharides),
techoic acids, etc.

f: @ Lea D. Simon/Photo Researchers, Inc.

Figure 25.5




Multiplication of 2S DNA viruses

Figure 25.4- T4 phage

1. Structural proteins

2. Proteins help for phage assembly

3. Proteins involved in cell lysis and
phage release



Life Cycle of T4 Phage

Reproduction of
2S DNA Phages

m transcription - early

MRNA-> production of
viral encoded DNA

polymerase (DNAP)
viral DNA bidirectional
replication
m Viral RNAP - late
MRNA

translation of capsid
and lysis proteins

bi: @ Fred HosslerVisuals Unilmitec: b2: George Chapman, Georgetown University

3 Figure 25.6



Synthesis of T4 DNA

m contains hydroxymethyl-
cytosine (HMC) instead of
cytosine

= HMC glucosylation

protects phage DNA
from host restriction
endonucleases

Figure 25.8



T4 DNA Is terminally redundant

ABCDEA
- Parent DNA

Replication yields progeny

= pase sequence
repeated at both
ends

m allows for formation
of concatamers ABCDEABCOEARCOEABCOEABCOEARCDEADEDE

ecombination
ey

DEABCD
—_———

packaged in
phage heads.
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Lambda phage

m 2S DNA phage

m [inear genome with 12 [ _
base single-stranded -
cohesive ends

m the DNA circularizes T

upon entry into host by @Cimmmm
complementary base

GGGCGGCGACCT

= (

Figure 25.11




Hill L.ompanies,
Cro proteins, n

A repressor \

Lambda Phage

Recomb nation- ~

_~Regulator of
<" late genes

\
OL PL Pam Og. Pa PHE

Eaﬂy prornoters

= 40 genes, genes clustered S wmedl . 4

H
Integ ase int for the thc cycle \_

together by function

48,502 nucleotides

m transcription from different BEy .
._)/D

promoters determine If lytic );,e /
cycle or lysogeny occurs

m cll, Cro, and cl (A repressor)

Fig. 25.12



The cll level determines
lysogeny or lytic cycle

m High cll level (activator)
= INncreases int gene (intergrase) transcription

Integration of A into host genome-> lysogeny

= Increases transcription of cl gene (A repressor)
—>represses all transcription = lysogeny

m Low cll Levels

= Cro Increases further decreases cll

Increases transcription of regulatory protein, Q> Q
activates genes needed for the lytic cycle



If cl wins race with the Cro

m lysogeny Is established

= Induction reverse lysogeny
due to UV light or mutagenic chemicals

drop in A repressor levels—> increases transcription
of Xis gene (excisionase) - binds integrase—->
excision of A phage from host chromosome

Cro protein levels increase—> blocked synthesis of
A repressor-> increased Q protein—> lytic cycle




Herpesviruses

m Herpesviridae subfamilies

= alpha
herpes simplex virus | and |l (HSV-1 and HSV-2)
varicella zoster virus — chicken pox, shingles
= beta - cytomegalovirus

= gamma
Epstein-Barr virus - infectious mononucleosis
some cause cancers

= unclassified subfamilies




Herpesvirus Virons

m Icosahedral, 120-200 nm,
pleomorphic, enveloped with
spikes

m tegument (layer of proteins)

surrounds nucleocapsid
m linear genomes, 50-100 genes

m target epithelial or nerve cells
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Herpeswrus Infections

m productive (prlmary) iInfections

= 50,000-200,000 virons
produced/cell

= cell dies due to degraded DNA
m |atent infections

@ Carroll H. Weiss/Camera M.D. Studios

= occurs in neuronal cells Fig. 37.13
= Infectious virus not detected Core Sores- herpes
= can be reactivated in neurons simplex 1 virus (HSV-1)

= production infection recurs



Replication of HSV-1

Panetration

and uncoating

Cytoplasm

- receptor mediated
attachment

-virus envelope fuses
with host cell
membrane i s
-uses host RNAP for [y
synthesis of viral
MRNA

- uses viral DNAP y
for genome replication

o Circularization of genome and

apparatus

display 18



Herpesvirus productive infection

e McGraw-Hill Companies, Inc. Permission required for reprod

m In epithelial cells:
= nucleocapsid assembles—>
leaves nucleus—> associated
with tegument proteins -
virus envelop generated by
Golgi apparatus - mature
enveloped virion leaves cell

@ CDC/Science Source/Photo Researchers

Fig. 37.16
HSV-2 infection




Chickenpox (Varicella)

m caused by varicella-zoster
virus (VSV)

m results from initial infection
m Attenuated vaccine

20

John D. Cunningham/Visuals Unlimited
=
Figure 37.1b




Herpesvirus latent infection

m [N heurons:

= Immediate early gene expression
decreased

= small noncoding RNAs (microRNAS)
produced by virus also reduce immediate
early genes



Shingles (herpes zoster)

Wir ses migrate
oW SemSony nerve

Spinal cord

b} Recurreance—=Shingles
o S Carroll H. Weiss/Camera M.D. Stodios

postherpetic neuralgia Figure 37.2
reactivated form of chickenpox
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Epstein-Barr infection

m Infectious mononucleosis
(kissing disease)
m Cancers
= Burkitt’'s lymphoma
tropical Africa

= Nasopharyngeal carcinoma | ——— Lymphocyte
(NPC) ) Nucleus

Southeast Asia, East and
North Africa, and Inuit |
populations Fig. 37.17

m Acute hepatitis Infectious mononucleosis
= mild, self-resolving

= Fatigue, nausea, malaise

Barbara O'Connor




Cytomegalovirus (CMV)

= Human CMV can infect any cells
= causes formation of intranuclear

Inclusion bodies and cytoplasmic
Inclusions

= Virus shed in semen and cervical

solutions

can be transmitted by blood transfusions
and organ transplants

m usually asymptomatic infection

can be serious in immunocompromised
Individuals

leading cause of congenital viral disease
symptoms often resemble mononucleosis
Acute hepatitis (mild, self-resolving)

& : ¢"
; ; ﬁ*- Giant
¢ v__},'- cell

Cytoplasmic

— |ntranuclear
inclusion

inclusions




Human papilloma viruses
causing cervical cancer"

HPV- human papilloma virus  1983-4, HPV16 and 18

HPY has a circular, double stranded DNA, ; T 2
protectad by capsid proteina. " [l Discovery of HPV DNA in cancer cells

Mare than 100 HPV-typas ars known. . - 3
e 2 o

HPV16 and 18 cause T0% of all carvix g Propa for Nobel Prize 2008

Cancers. I Y + + = + HP DA

K. Physiology or

i . i J i ..-F"
Wiruz DA - -
L by gkl Medicine
prutaiﬁ

Harald zur Hausen

Harald zur Hausen found
HPYV DMA in patisnt DMA (4.
e ——

Most of the
:ﬁﬁm“f L'ﬂam impftﬂ’ﬁﬂﬂr"iﬁfﬁtiﬂ Tal 300/
P NSV (=i remaining 30%
rpleatn — \ J oancer are associated
- n::y \ e, . .

Infection by HPV (3as atac 8| with other high
HPV infects apithalial cells in P d .
the cervical mucosa. HPY DNA WP R AL L b ) WA N0 r|Sk HPV typeS (6
integrates into the cellular FN [ il ;"'::1:_'_;:' | @ R@y () ()] e
genome when causing cancer. 0L AN A ’,..la.-: v and 11)

L G HPV in spithslial Invazive _~T (771
cells cancer s )|rs—"
e A ® r.,'\\
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Nucleo-cytoplasmic large DNA
(NCLD) viruses

m similar life cycle, most in cytoplasm
m enveloped, isohedral capsids

m virion and DNA are large
= most encode all proteins needed for DNA replication

= encode most recombination enzymes, RNA
polymerases, transcription factors, and chaperones
= Poxviridae — infect mammals, e.g., smallpox
= Mimiviridae
largest NCLD virus, infects Acanthamoe



he iant Virus

The largest viral genome

= Mimivirus ( mimicking microbe virus)
= ~ 400 nm diameter

= Acanthamoeba polyphaga mimivirus
(APMV)

= 2S DNA genome

= 1.2 X 10° nucleotides (Box 25.2)

~911 protein-coding genes with 298
been assigned a function

Include genes encoding tRNA and
aminoacyl-tRNA synthetases for
products needed for translation

Science 306 (Oct 2004)



I\/Iama VII’US and Vlrophage

m An icosahedral small
virus, Sputnik, 50 nm
In size, found
associlated with a
new strain of APMV

atiie Sep 2008 ——

MVF-mamavirus virus factory



m Variola virus

240-300 nm
|

Poxviruses

Cuter —
envelope

Soluble -~
protein antigens
Lateral

slightly larger than Chlamydia
bacteria genome - over 200 genes

replicates in cytoplasm
receptor mediated endocytosis

viral RNA polymerases direct early
MRNA transcription, DNA replication,
and late transcription

Copyright

200 nm

il Co eg, Inc. Permission required for reproduction or display

for reproduction or
display

AS



Group Il- Viruses with 1S DNA
genomes
Bacteriophages ¢ X174 and fd

Parvoviruses



Bacteriophage ¢ X174 and fd

. S S CI rCU I ar + D N A InJ ected cwynganneMchw-Hi|Companies.—,||_nc_Bnﬂﬁml;requiredfmremuucﬁunurdismay
Into E. coli host -
. . I
phage converted to replicative DNA polymerase
form (RF) Rolling-circle
) _ replication + icati
directs synthesis of more RF P L eV fom)
copies and plus strand DNA Rolling-circle

by rolling circle N replication
Transcription

+ DNA
+ mRNA

Translation N

New virions

Proteins |
Fig. 26.16




Parvovirus B19

= human pathogen
= Erythema infectiosum in children (fifth disease)
= ~ 20% asymptomatic infection

m Icosahedral, naked, 26 nm diameter
m one negative strand of ssDNA
= small genome with overlapping genes

m codes for three proteins
= uses host enzymes for all biosynthetic processes



Parvovirus B19 Life Cycle

m attaches specifically to
red blood cell progenitor
cell receptor, endocytosis

m replicates in nucleus |
palindromic ends of the | e

genome form hairpin ;
->serves as primer for
replication

rolling hairpin replication

Fig. 25.18



Group IlI- Viruses with 2S RNA
genomes

Rotavirus



Reproduction of RNA viruses

Copyright © The McGraw-Hill Companies, Inc. Permission reqwred for reproduction or display

= RNA genomes cannot
rely on host cell enzymes |
for genome replication or
MRNA synthesis

m groups lll, IV, and V use _
RNA-dependent RNAP Fig 25.19

replicase and
transcriptase activities
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Rotakus

O human rotavirus kl||S >600 000
children worldwide each year
= transmitted by fecal material
= Virus stable in environment
m Virion
= wheel-like appearance, non-

enveloped, segmented genome,
dsRNA

= Vvirus loses outer layer of protein
when it enters host cell — double
layered particle (DLP)

© Eye of Science/Photo Researchers
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ELEETER Medically Important Gastroenteritis Viruses

Virus Epidemiological Characteristics Clinical Characteristics

B Rotaviruses

Group A Endemic diarrhea in infants worldwide Dehydrating diarrhea for 5-7 days; fever,
abdominal cramps, nausea, and vomiting common

Group B Large outbreaks in adults and children in China Severe watery diarrhea for 3-5 days

Group C Sporadic cases in children in Japan Similar to group A

Norovirus Epidemics of vomiting and diarrhea in older children ~ Acute vomiting, fever, myalgia, and headache
and adults; occurs in families, communities, and nursing lasting 1-2 days, diarrhea
homes; often associated with shellfish, other food, or
water and infected food handlers, cruise ship occurrences

Sapoviruses Pediatric diarrhea; also associated with shellfish and Rotavirus-like illness in children; Norovirus-like
other foods in adults illness in adults

Astroviruses Pediatric diarrhea; reported in nursing homes Watery diarrhea for 1-3 days

Adenoviruses Pediatric diarrhea; also reported in military bases Gastroenteritis, more severe in immuno-
compromised adults




Group V- Virus with (+) RNA
genomes

Bacteriophages MS2 and Q 5
Poliovirus
Tobacco Mosaic Virus



Group IV Viruses

Copyright © The McGraw-Hill Companies; Inc. Permission required for reproduction or display

nonSegmented plus-strand
RNA genomes

replicate in cytoplasm and
synthesize RNA-dependent
RNA polymerase

synthesizes negative strand Fig. 25.11
RNA

replication complex for

assembly

derived from different cell
organelles
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Poliovirus Life Cycle S f

= Non-enveloped virion
m aftaches to receptor L

m viral genome as mRNA

Virus uses internal
rlbosome binding site
(IRBS) instead of 5’ cap c. o -

polyprotein translated, R
cleaves itself into smaller S ;

: Fig. 25.13
proteins

genomic RNA synthesized
assembly, lysis




Poliovirus infections

m oral-fecal transmission

m causative agent of poliomyelitis
= transmitted by ingestion
= may cripple and paralyze

= vaccine is eradicating the disease
Oral Sabin vaccine
Inactivated Salk vaccine

= likely to be the next human disease to be completely
eradicated



Enterovirus- gastroenteritis

m Hepatitis A
= Infectious hepatitis

= spread by fecal-oral contamination of food, drink, or
shellfish

m Hepatitis E
= similar to HAV course of disease
» ~15%-25% fatality rates in pregnant women

m enterovirus 71 (EV 71)- 1998~

= Typical cold symptoms
mild enteric disease
hand, foot, and mouth disease

= CNS (central nervous syndrome) diseases



Other methods to make multiple
proteins

m subgenomic mMRNA
@ MRNAs that are smaller than genomic RNA

m ribosomal frame shifting
= overlapping coding regions are translated
= internal stop codons, reading frame shift

m readthrough
= two proteins depending where ribosome stops



SARS (Severe Acute Respiratory Syndrome)

= highly contagious disease caused
by the SARS-associate corona
virus (SARS-CoV)
= transmitted by droplet spread

= onset of sudden, severe illness in
otherwise healthy individual

= dry cough develops after a few days
and most will develop pneumonia

= if not detected early, disease can be - Coronavirus-

fatal Virus of the year
10% of the 8000 infected died (2003) (2002-2003)

44



Group V- Viruses with (-) RNA

genomes
Influenza Virus



Group V viruses

enveloped virions, pleomorphic shape
segmented and nonsegmented genomes

Rhabdoviridae — rabies virus

Filoviridae — Ebola and Marburg viruses
Paramyxoviridae — measles virus
Bunyaviridae — segmented, hantaviruses

Orthomyxoviridae — segmented, influenza virus



Negative-strand viruses

m cannot serve as mRNA

m must bring into cell RNA-dependent RNA
polymerase

the newly synthesized plus strand serves as template
for genome synthesis and mRNA as well

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display




Rabies

m transmitted by: emm———
bites of infected animals Fig. 37.22
aerosols in caves where bats roost gllj\ll,lft shaped
contamination of scratches, abrasions, open b
wounds, or mucous membranes with saliva of
Infected animals

= highly neurotropic
begins 2 to 16 weeks after exposure

pain or paresthesia at wound site, anxiety,
Irritability, depression, fatigue, loss of appetite,
fever, and sensitivity to light and sound

guickly progresses to paralysis

death results from destruction of regions of the
brain that regulate breathing

ledical Stock




Zoonotic diseases

m human viral infections in animal reservoirs before
transmission to and between humans

m RNA viruses, many are on Select Agents list as
potential bioweapons
= Ebola and Marburg viruses
= hantaviruses
= Lassa fever virus
= Nipah virus



Copyright © The McGow-Fill Comparess, Inc. Permmson requed for reprodchon o display

Ebola hemorrhagic feversg

m infection Is severe and ~80% fatal

® NO known carrier state; fruit bat may be -
reservoir Filoviridae- Ebola virus

m transmission from direct contact with 1st recognition- 1976
Ebola victim, body fluids or clinical
samples 4 subtypes:

m Internal hemorrhaging Humans-

m supportive therapy but no specific Ebola-Zaire,

Ebola-Sudan, and
Ebola-lvory Coast

Nonhuman

Primates-
Ebola-Reston

treatment available
m experimental vaccines being evaluated



Hantavirus Pulmonary Syndrome (HPS)

P e L]

HANTAVIRUS
DISEASE

e LR SRR e S s s
Tl gl Mty el e

m potentially deadly for humans
but do not cause disease In
their reservoir (rodent) hosts

m 1950 to 1953, hemorrhagic

fever with renal syndrome
(HFRS) in Korean war
m 1993, An outbreak of HPS in

the Four Corners, USA

®m The deer mouse- the principal
carrier (climate changes)

= Navajo Indian

m No person to person spread




Orthomyxoviridae- influenza virus

An 8 segments RNA virus

Classified into A, B, and C A
groups
16 HA (hemagglutinin) and 9 Yl '
NA (neuraminidase) AL L TR
Enveloped virus 0% 8 42—

= extremely fragile

PA
= remains viable only minutes Hmpﬂ,y,m,mirpm%} 333333
when exposed to air (P8 838ddde
However, it can remain e PR T
viable 2 to 8 hours if w;gnm’ﬁ 74 *; §4 5
protected from air exposure o7 »hp
by materials A

Figure 1| Schematic diagram of influenza A viruses. Virions are decorate



Influenza V|ral replication cycle

Copyright ® The McGraw-Hill Companies, Inc. Permission required for reproduction or display
Galactose-sialic acid racaptom

Attachment

= HA- sialic acid containing
glycoprotein receptor

Entry by endocytosis

= HA-> HA1+HA2 (fusion protein) | = |
= M2 ion channel | OF £2 —
= Release of VRNPs
replication of nucleic acids | EM e

synthesis and assembly of | \, ¢

Iri 950 rc)éins
VI rlons T s O) gAt NP Late proteins
o o U PEI NS1 9 M1, NS2
virion release PB12 O o
= NA (neuraminidase) . mANA

Fig. 37.3b




Anti-viral drugs

m neuraminidase (NA) inhibitor
= Oseltamivir (Tamiflu; 5. ;= g, Roche, © R 4 )
= Zanamivir (Relenza; 53 # 7y, GSK-GlaxolSmithKline,

—_—

- )
HT BN

= Emerging resistant strains

m M2 ion channel inhibitor
= blocks penetration and uncoating of influenza virus
= Amantadine and Rimantidine

= resistant strains include Influenza B and some A
strains



Rapid diagnostic tests
- hucleoprotein antigens detection

m 3M™ Rapid Detection Flu A+B, Directigen EZ Flu A+B
(Becton-Dickinson), BinaxNOW Influenza A&B
(Inverness), OSOM® Influenza A&B9 (Genzyme),
QuickVue Influenza Test (Quidel), QuickVue Influenza
A+B (Quidel), SAS FluAlert (SA Scientific), TRU FLU
(Meridian Bioscience), XPECT Flu A&B (Remel)

= Aand B

= Nasopharyngeal swab/aspirate; Nasal wash/aspirate, lower
nasal swab; throat swab; bronchioalveolar lavage

= 15 minutes or less than 15 minutes



Rapid test evaluation

m Sensitivities are approximately 40-70% when
compared with viral culture or RT-PCR, and
specificities are approximately 90-95%

= While a positive test iIs mostly confirmatory, a
negative result in the presence of high clinical
likelihood of infection should be interpreted with

caution and reevaluated by PCR
(Clin Micro Infect 2010, April).



Flu vaccines

m The seasonal flu vaccine is not expected to
protect against the 2009 H1N1 flu.

m Inactivated 2009 H1N1 vaccine can be
administered at the same visit as any other
vaccine, including pneumococcal
polysaccharide vaccine.

m Live 2009 HIN1 vaccine can be administered at
the same visit as any other live or inactivated
vaccine EXCEPT seasonal live attenuated
Influenza vaccine



Wide-host range: re-assortment virus

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

Classical swine North American Human (H3N2) Eurasian avianlike
avian




A novel HIN1 flu virus- swine origin

HINI GENES AND THEIR ORIGINS

= Swine origin influenza & |
virus- S-OIVs or 2009 & W North

4 . [ American |
HIN1 ' ' B avian L 17.5%
= Made up of genes A B 52 )
from pigs, birds, and b 4 1% Eurasian
| ™ swine
humans | % 06k | Walwe
= The SO-HIN1 virus is - | 2R
- or 1 ~ (lassica
susceptible to Tamiflu; b e North American 5w1'ne|‘-iF', NS

ook e treatment

SCIENCE VOL 324 8 MAY 2009



2009 Pandemic flu #77:

REPORTED FROM PANDEMIC INFLUENZA

Eﬂ.lTl]']F s-'t:l:uuu
- Mo raport \ .

I Only cases
- reportad
[ Cases and
daaths reportad

Daaths among
confirmed cases:
1
5
10

54
Low immunity amongst

the general population

Nature 3 September 2009
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Seasonal influenza vaccine

m Each contains three influenza viruses-

= one A (H3N2) virus

= one seasonal A (H1N1) virus (not the 2009 HIN1
Virus)

= one B virus

m The viruses In the vaccine change each year
based on international surveillance and
scientists' estimations about which types and
strains of viruses will circulate in a given year

m About 2 weeks after vaccination, protective
antibodies develop in the body (1 y)



Against vaccination
Most virus strains do not match current vaccine

m The predominant type A flu virus this year Is the
H3N2 strain; 87% are the "Brisbane" strain. And

93% of this year's type B flu bugs are from the
"Yamagata" lineage

m The current flu vaccine's H3N2 component is the

"Wisconsin" strain; the type B component is from
the "Victoria" lineage.

(CDC Feb 2008)



Against vaccination
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Avian flu virus

= HIN2 (1998/1999)
= China and Hong Kong
= H7N7 (2003)

= Netherlands

= H5N1 in human (1997~2003~)

= Hong Kong, China, and worldwide....
= sSince 2003, > 300 infected and > 150 died

= Avian flu viruses from wild birds (Hong kong, 2004-2008)

= Genetic and antigenic characterization
47 viruses isolated from dead wild birds—> 2 antigenically distinct
virus groups
m One of the group are established in poultry in Asia
m The other virus lineage may have become established in wild birds
Emerging Infectious Diseases 15, March 2009
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Group VI- Viruses with 1S RNA
genomes
Retroviruses



Retroviruses

m convert sSSRNA into dsDNA using reverse
transcriptase

m dsDNA integrates into host cell genome
and serves as template for mRNA
synthesis and genome synthesis




Retroviruses - HIV

= human immunodeficiency virus (HIV)

m member of genus Lentivirus
= HIV-1 (most AIDS), HIV-2
= enveloped virus

two copies of RNA genome
reverse transcriptase and integrase

= cause of acquired immunodeficiency
syndrome (AIDS)

= global important pandemic
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The discovery of human
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AIDS

0 CDC definition of_AIDS

= all HIV-infected individuals who has fewer than 200 CD4* T
cells/microliter of blood or a CD4* cell percentage of
lymphocytes of less than 14

m AIDS-related CNS diseases

= headaches, fever, subtle cognitive changes, abnormal
reflexes, and ataxia; dementia and severe sensory and
motor changes observed in advanced cases; autoimmune
neuropathies, cerebrovascular disease, and brain tumors
are common

m AIDS-related cancers

= Kaposi’'s sarcoma,; carcinoma of mouth and rectum; B-cell
lymphomas




- A novel virus

m XMRYV (xenotropic murine leukemia virus—related virus)
= first identified 2006 (PLoS Pathog. 2)

= A member of the gamma retrovirus family, known to

produce cancer in animals, but not in humans
(PNAS USA 104, 1449-1450; 2007)

= Infections linked to prostate cancer
found in 27% of 334 prostate cancer biopsies
associated with the aggressive form of the disease
a vaccine for XMRV could be developed
antiretroviral drugs to treat infection
(Proc. Natl. Acad. Sci. USA doi:10.1073; 2009)




XMRYV linked to chronic fatigue syndrome

m Lombardi VC, Ruscetti FW, Das Gupta J, et al.
“ Detection of an infectious retrovirus,
XMRYV, In blood cells of patients with
chronic fatigue syndrome”

Science. 2009 Oct 8.




Group VII- Viruses with gapped
DNA genomes

Hepadnavirus



Hepadnaviruses

m Hepatitis B virus
3.2 kb genome, 4 partially overlapping reading frame
circular, 2S DNA genome

one complete, nicked strand
complementary strand has large gap

viral infection
gapped DNA released into the nucleus
host repair enzymes repair gap




HBV genome

m transcribed by host RNAP

= generates several mMRNA molecules
one for pregenome RNA

others encode polymerase with reverse
transcriptase activity

m pregenome converted to 2S DNA by virus polymerase
(+RNA-> -DNA-> 2S DNA)

7



Hepatotropic_viruses and HCC
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el CET P Characteristics of Hepatitides Caused by Hepatotropic Viruses®

Disease Genome  Classification Transmission Outcome Prevention

Hepatitis A RNA Picornaviridae, Fecal-oral Subclinical, acute infection ~ Killed HAV
Hepatovirus (Havrix vaccine)

Hepatitis B Hepadnaviridae, Blood, needles,  Subclinical, acute chronic ~ Recombinant HBV

Orthohepadnavirus body secretions,  infection; cirTiosis; primary vaccines
placenta, sexually \hepatocarcinoma

Hepatitis C Flaviviridae, Hepacivi- Blood, sexually ~ Subclinical, acute chronic ~ Routine screening
rus infection;primar of blood
hepatocarcinoma

Hepatitis D Virusoid Blood, sexually M HBV vaccine
coinfection with HBV

Hepevirus Fecal-oral Subclinical, acute infection  Improve sanitary
(but high mortality in conditions
pregnant women)

RNA Flaviviridae Sexually, Chronic liver inflammation HBV vaccine
parenterally

® HepatjtisTTV has been discovered but not well characterized. Thus it is not included in this table.

HDV cause acute or chronic hepatitis in HBV infected patients




Hepatitis B (serum hepatitis)
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m Infectious virion- Dane particle

= transmitted through body fluids and
Intravenous equipment _

can pass the placenta and breast milk  §g%

B Most asymptomatic

= symptoms occurs after 1-3 month

= Iinfects hepatic cells causing liver [ Dane perice ) Spherical partic
(22 nm diameter) (42 nm diameteyf’ (22 +2 nm diameter)
damage Courtesy of The National Institute of Health
yellow appearance (jaundice) Fig. 37.18
results from bilirubin accumulation HBV

= =2 primary liver cancer (2" only to
tobacco as known cause of cancer)



Other forms of hepatitis

O GroUp IV RNA virus
= HCV (1989)

transmission virus contaminated blood, fecal oral route,
also spread from mother to fetus, and through organ
transplants

chronic infection common
leading cause of liver transplant in U.S.
epidemic with more than 1 million new cases/yr in U.S.
= Newly discovered, transmitted sexually or through
needles

HFV- fulminant, posttransfusion hepatitis
HGV (1995-6)- syncytial, giant-cell hepatitis
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