VIROLOGY

The science of Virology



The Viruses: the Invisible Enemy
Why do we need to study such a collections of monsters?




Why we have to study viruses?

Biomass Abundance

. & 94% 2 ‘ "r:lia'\ otes
v'Viruses Are Everywhere | s

v'Viruses Infect All Living Things

|
v" Viruses are the Most Abundant Microorganisms on Earth.

v There are 10-50 million phages on average per ml of seawater.
v More than 103" bacteriophage particles in the world’s oceans!
v" A bacteriophage particle weighs about a femtogram (10-1° grams).

v 1031 X 10-1°= the biomass on the planet of bacterial viruses alone
exceeds the biomass of elephants by more than 1000-fold!

v The length of a head to tail line of 103! phages is 100 million light years!



Why We do Care about Viruses?

v"Viruses Outnumber Cellular Life by at least 10 fold.
v"Viruses show the greatest biodiversity on Earth.
v"Viruses Drive Global Cycles of Matter.

v'Beneficial Effects on Earth.

v"Viruses are source of New Pathogens



Why we have to study viruses?

v"Viruses Cause Human Diseases

v"However, amazingly the vast majority of viruses that infect
humans have no or little impact on our health

v Viruses Can Cross Species Boundaries
v"We Eat and Breathe Billions of Viruses Regularly

v'Virus “R” Us (HERV proviruses make up nearly 8% of the
human genome )

v"Viruses Are Uniquely Valuable Tools to Study Biology

v Viruses Can Be Used To Manipulate Biology
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Nowadays, viruses have really an impact on mankind?

The facts: viral diseases exert a shocking toll on the developing world.

v'Over 2.5 million people die each year from AIDS, mostly in sub-Saharan
Africa.

v"More than 3 billion people are at risk of infection with dengue fever.

v'Rotavirus, a cause of common diarrhoea, kills an estimated 450,000
children each year.

v Three percent of the world’ s population, around 180 million people, are
chronically infected with hepatitis C.

v'In West Africa alone, there are some 500,000 cases of Lassa fever every
year.

v'Furthermore, many RNA viruses, such as the new H7N9 subtype of
influenza and enteroviruses are emerging in developed countries.

Despite these facts, few drugs and vaccines are available for the
treatment of these viral diseases.



Nowadays, viruses have really an impact on mankind?

 We are all aware of the importance of virus diseases in
our lives. The impact of viruses can be assessed in
many ways.

« The economic effects of virus disease play an
Important role in the medical, animal and plant spheres.

« Consideration of the economic impact can often inform
decisions about investment in exploring treatments for
virus infections.

The economic cost of human infections includes both
direct, medical, and indirect, social and employment,
costs to the national economies of the world.



Examples of the impact: Exotic and emerging
viral infections

» However, the most dramatic impacts are often seen
when a previously unknown viral disease is encountered.

» This can arise either as an introduction of a virus from
another species, or the appearance of an entirely new
disease in a previously unaffected geographical area.

* Emerging viruses arise when humans explore new
territories and become exposed to infection.

* Emerging viruses are transmitted to humans from other
species in which they typically do not cause serious
disease. Transmission often involves an intermediate
host.



Emergence of viral zoonoses over the past century

West Nile virus HIV 2002-2003
>15,000 deaths in >30 million deaths SARS coronavirus
the United States 774 deaths
Ebola virus Hendra virus 2012-2013
>1,553 deaths Four deaths MERS coronavirus
1981 54 deaths
Nipah virus
>250 deaths

‘Spanish flu’ ‘Hong Kong flu’ ‘Russian flu’ ‘Avian flu’ ‘Swine flu’

HIN1 influenza H3N2 influenza H1IN1 influenza H5N1 influenza HIN1 influenza

~50 million deaths ~700,000 deaths >371 deaths >15,000 deaths
1957-1958 1999-2002 ‘Avian flu’
‘Asian flu" H2ZN2 influenza HI9N2 and H7N7 influenza H7N9 influenza
~100,000 deaths One death 44 deaths

NATURE REVIEWS | IMMUNOLOGY VOLUME 13 | DECEMBER 2013



The severity of emerging viral diseases is influenced by the
host-pathogen interaction

NATURE REVIEWS | IMMUNOLOGY VOLUME 13 | DECEMBER 2013
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Ebola Update

CDC and Texas Health Department

,l. "',’
DC
Ebola Outbreak

v'The 2014 Ebola epidemic in West Africa is the first in history.

Confirm First Ebola Case
Diagnosed in the U.S.

v'The first case was reported in Guinea in March 2014, and the disease spread
in the neighboring countries of Liberia and Sierra Leone.

v" Over the span of a year, the Ebola epidemic has caused more than ten times
as many cases of Ebola than the combined total of all those reported in previous
Ebola outbreaks.

v'As the outbreak became more widespread, travel-associated cases appeared
in Nigeria, Mali, Senegal, and even countries outside Africa, including the United
States and European countries.



CDC and Texas Health Department

CDCE

I

e ..

Confirm First Ebola Case
Diagnosed in the U.S.

WEST AFRICA As of September 30, 2014
Ebola Qutbreak

*Case counts updated in conjunction with

the World Health Organization updates an¢ Countries with localized transmission
are based on information reported by the  Nigeria

Ministries of Health. e Total Case Count: 20

e Total Case Deaths: 8

As of September 30,2014 )
e Laboratory Confirmed Cases: 19

(Updated October 3,2014)

{ Countries with travel-associated cases

Levels of Transmission
- New Active Area

[ Active \ Countries with outbreaks
[ NotActive ( Totals for Senegal and U.S.
| Totals for Guinea, Liberia & Sierra Leone .
Ebola Treatment Units \. * Total Cases:2
g .
B e * Total Case Count: 7470 ® Total Deaths: 0
g UENEEEET Total Deaths: 3431 e Laboratory Confirmed Cases: 2
Hospital ® |otal Deatnhs:
4 Ebola Treatment Unit (ETU) Senegal

e Laboratory Confirmed Cases: 4087

e Total Case Count: 1
e Total Case Deaths: 0
e Laboratory Confirmed Cases: 1

| United States”

“In atraveler from Liberia

Source: WHO: Ebola Response Roadmap
26 September 2014

s e Total Case Count: 1
e Total Case Deaths: 0

e Laboratory Confirmed Cases: 1




CDC and Texas Health Department

Confirm First Ebola Case
Diagnosed in the U.S.

WEST AFRICA
Ebola Outbreak As of September 29, 2015

Ebola by the Numbers* ey SN
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2014 Ebola Outbreak in West Africa
Situation Report March 30t, 2916

Cases and deaths
Data up to 27 March 2016
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The Chigungunya outbreak in Lazio, 2017

Lipid bilayer

REGIONE

Chikungunya, gli esperti Ue
"alto rischio epidemia, ecco le
precauzioni"

"Attenti prossime settimane". Appello della ministra Lorenzin:
"Indispensabile disinfestare”. Controlli sulle sacche di sangue

B

di CRISTINA PALAZZO

16 settembre 2017

Sono 47 i casi accertati di Chikungunya nel
Lazio. Di questi uno in provincia di Latina, 6
di Roma e 40 sono residenti o hanno
soggiomato ad Anzio.

Chikungunya

Chikungunya is transmitted through the bit of the

e fever
e headaches
e tiredness

Aedes Aegypti and the Aedes Albopictus Mosquito. e depression
The second is only found is Izabal

Aedes Aegypti

Aedes Albopictus

Symptoms
o just like dengue:
body aches, but
more intense in
joints and
tendones. can
become cronic
and cause

days after the bite of
an infected mosquito.

Prevention

90 ©

do not store water in open
containers so that they do not
become breeding sites for
mosquitoes

cover tanks or containers for
water for domestic use

@
W

do not accumulate frash,
despose of trash in your yard

symptoms will begin to ||
appear three to seven

w4

® nausea

cut your grass regularly fo
desfroy potential breeding or
resting sites i

use mesh or screens on your
windows and doors

use repelient or long sleeves
1o avold getting bitten



The Chigungunya outbreak in Lazio, 2017
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The Chigungunya outbreak in Lazio, 2017

DISCUSSION
An exotic virus on the move

Chikungunya virus is a togavirus in the alpha-
virus genus. The virus is spread by mosquitoes
(primarily the notorious The
viral disease has been known for more than
50 years in the tropics and savannahs of Asia
and Africa but had never been a problem of the
developed countries in Europe or the United
States. The disease is uncomfortable (rashes
and joint pains) but not fatal. In the last 5 years,
however, something changed dramatically and
brought this once exotic disease into the fore-
front of public concern.

In 2004, outbreaks of Chikungunya disease
spread rapidly from Kenya to islands in the

Indian Ocean and then to India, where it had
not been reported in over 30 years. In some
of the Indian Ocean islands, more than 40%
of the population fell ill. In 2007, there was
an outbreak in Italy, the first ever in Europe.
What had happened to change the pattern of
infection?

An alarming finding was that the Asian
tiger mosquito ((Aedes albopictus)Jbecame an
efficient new vector for the virus. A point
mutation in the viral genome appears to
be the cause of the vector expansion and,
perhaps, for the epidemic spread of the dis-
ease in areas where it had been unknown.

A. albopictus, which has a greater geograph-
ical range than A. aegypti, is spreading across
the globe from eastern Asia and is now found
in mainland Europe and the United States.
This mosquito is a maintenance (occasionally
epidemic) vector of dengue viruses in parts
of Asia and is a competent vector of several
other viral diseases. Since its discovery in
the United States, five arboviruses (Eastern
equine encephalitis, Keystone, Tensaw, Cache
Valley, and Potosi viruses) have been isolated
from A. albopictus.

Enserink M. 2007. Chikungunya: no longer a Third
World disease. Science 318:1860-1861.

Projected distribution of Aedes albopictus in Europe, based on climate change models. Projections from two emission scenarios from the Intergov-
ernmental Panel on Climate Change indicate that the habitat of Aedes albopictus will increase dramatically over the next century. From D. Fischer et al., Int.
J. Health Geogr. 12:51, 2013, with permission.

2011-2040 2071-2100

Pre 2011 2041-2070

7

Mean temperature of
the warmest month (°C)

B <200
B 20.1-22.0

B 22.1-24.0
[
B

24.1-26.0
>26.0




The science of Virology:



Virus prehistory

Perhaps the first written record
of a virus infection consists of a
heiroglyph from Memphis,
drawn in approximately 1400
BC, which depicts a temple
priest called Ruma showing
typical clinical signs of paralytic
poliomyelitis.




The Pharaoh Siptah (ruled Egypt from 1200-1193 BC)
died suddenly at the age of about 20. His mummified
body laid undisturbed in his tomb in the Valley of the
Kings until 1905 when the tomb was excavated. The
mummy shows that his left leg was withered and his
foot was rigidly extended like a horse's hoof — classic
paralytic poliomyelitis.

. In addition, the Pharoh Ramses V, who died
“«». in 1196 BC, is believed to have succumbed
R * to smallpox.




Viral diseases were treated

*Smallpox was endemic in
China and India by 11t
century.

*Recognizing that survivors
of smallpox outbreaks were
protected from subsequent
infection, the practice of
variolation developed.

» Lady Montagu (1700s).

*Practice survived until last
century.

‘No knowledge of the
causative agent.



Humans manipulate viruses

A painting by N. Robert (1624-
1685). Striping patterns (color
breaking) in  tulips  were
described in 1576 in western
europe and were caused by a
viral infection (TMV, tulip mosaic
virus)




Vaccines were developed

‘On 14th May 1796,
Edward Jenner used
cowpox-infected  material
obtained from the hand of
Sarah Nemes, a milkmaid
from to vaccinate 8 year
old James Phipps.

*On 1st July 1796, Jenner
challenged the boy by
deliberately inoculating him
with material from a real
case of smallpox!

He  did not become
infected!



The virus concept

‘On 12th February 1892, Dmitri lvanovsky, a Russian
botanist, presented a paper to the St. Petersburg Academy of
Science which showed that extracts from diseased tobacco
plants could transmit disease to other plants after passage
through ceramic filters fine enough to retain the smallest
known bacteria (“filterable infectious agent”).

*Unfortunately, lwanowski did not fully realize the significance
of these results (not a distinctive infectious agents).

In 1898, Martinus Beijerinick confirmed and extended
Iwanowski's results on tobacco mosaic virus.

*He was the first to develop the modern idea of the virus, as
contagious element, which he referred to as confagium
vivum fluidum ('soluble living germ").

*This is generally recognised as the beginning of Virology.

‘A new category of ultrafiltrable, ultravisible and
uncultivable infectious agents were thus defined.




Virus discovery — filterable infectious agents

Lesions induced by Tobacco Mosaic
Virus (TMV) on an infected tobacco
leaf

_ T~ Bacteria + virus

: : Berkefeld filters have th d
An earliest filter (1891) probalbly of porosities, two of which hold
back all bacteria. These filters are
used by lvanosky, Loeffler and made of diatomaceous earth.
Frosch, to isolate the first plant and
animal viruses




The virus concept

*Also in 1898, Freidrich Loeffler and Paul Frosch showed °  "
that a similar agent was responsible for foot-and-mouth =
disease in cattle (FMDV).

*Thus these new agents caused disease in animals as well
as plants.

*In spite of these findings, there was resistanc ©
that these mysterious agents might have anythij
human diseases.

*Frederick
d'Herelle (in[iils

called bactenopiages

subsequent decades, pioneering virologists
such as Luria, Delbruck and many others
utilized these viruses as model systems to
investigate many aspects of virology, including
virus structure, genetics, replication.




Virus Discovery

1915 - bacteriophages

1933 - influenza virus
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Landmarks in the study of animal viruses (1796-2008)

Early (1796-1930) Middle (1930-1954) Late (1957-1980)
1796: Cowpox virus used to 193 1: Virus propagation in 1957: In vitro assembly of virus 1983: HPV causes cervical cancer
vaccinate against embryonated chicken eggs (TMV) (Fraenkel-Conrat, (zur Hausen)
smallpox (Jenner) (Woodruff, Goodpasture) Williams) : .
Interferon (Isaacs, 1983: Discovery of the AIDS virus
1885: Rabies vaccine (Pasteur) | | 1933: Human influenza virus Lindemann) (HIV) (Barré-Sinoussi, Montagnier)
Smith et al.
1892: Description of filterable ( . . - ) ; 1963: Hepatitis B virus (Blumberg) | | 1983-1985: Development of screen for
infectious agent (TMV) Rsibb't papillomavirus F967: Phage , repressor (Praskine) HIV infection (Montagnier, Gallo)
2 :
(Ivanovsky) (Shope) Viroids (Diener) 1989: Hepatitis C virus (Houghton et al.)
1898: Concept of the virus as 1935: TMV cryst:allized (Stanle)l) 1970: Retroviral reverse 1990: Human gene therapy with a
ntagious el nt i : retrovirus vector
;I;:nt vif:f;u(TMeVr;]e 1938: Yellow fever vaccine shambcnptase (ermin,
(Beijerinck) (Theiler) Baltimore) 1994: Kaposi’s sarcoma virus (HHV-8)
Y ; . i (Chang, Moore)
Animal virus (FMDV) 1939: One-step growth cycle for 172 ?T:Z?:nzr\];“g))h:ger )
(Loeffler, Frosch) phages (Ellis, Delbriick) phage /., 8 1997: HAART treatment for AIDS
. i 1973: MHC presents viral antigens : i
1901: Human virus (yellow 1941: Virus-associated enzymes i pr;\e Sl MO S st iUl
fever virus) (Reed et al) infl . (H ¢ to lymphocytes syndrome (SARS) worldwide
(influenza virus) (Hirst) (Doherty, Zinkernagel) outbreak and containment
125 :;ZS-SB\;W)U s Benline 1, 1948 Poliovirus replication in 1976: Retroviral oncogenes are 2005: Hepatitis C virus propagation in
Y l n;n;eur%r\}al"cell ;ul;t;res derived from cells cultured cells (Chisari, Rice,
nders, Weller, ins - i
1908: Leukemia-causing virus ( . » ) (Bishop, Varmus) Wakita)
(Ellerman, Bang) 1955: Human single cell culture 1977: RNA splicing discovered Reconstruction and sequencing
(Hela) (Gey etal) (adenovirus) (Roberts, Sharp) of the 1918 influenza virus genome
1909: Poliovirus (Landsteiner, Optimization of cell growth Tumor suppressor, p53 (Palese, Tumpey, Taubenberger)
Fopest) medium (Eagle) (SV40) (Levine, Crawford) 2006: Vaccine against human
1911: Solid tumor virus (RSV) | | 1952: Poliovirus plaque assay 1978: Viral genomes sequenced papillomavirus (Merck), the
(Rous) (Dulbecco) (Sanger) second anticancer vaccine after
: the hepatitis B vaccine
o Viral genome is nucleic Virus crystal structure
1915-1917: Bacterial wruses) acid (Hershey, Chase) (TBSV) (Harrison) 2006: Gene silencing by double-stranded
(bacteriophages : RNA, an antiviral response
S o : 1979: WHO declares smallpox Ve P
(Twort, d’'Hérelle) | | 1954: Polio vaccine (Salk) Spaboated (Fire, Mello)
| | -
| 1 | .
1750 1800 1850 1900 1950 2000 "1

D Discoveries or advances recognized by a Nobel Prize
D Medical breakthrough

D Other important landmarks




“*Nobelprize.org

e Nobel e

al We

Sort and list Nobel Prizes and Nobel Laureat Prize calegory: yedicine

The Nobel Prize in Physiology or Medicine 2008
Harald zur Hausen, Frangoise Barré-Sinoussi, Luc Montagnier

The Nobel Prize In Phyclology or Medioine 2008
Nobe! Prize Award Ceremony
Harald zur Hausen

Frangolse Barré-ginouss!

Harald zur Hausen Frangoise
Barre-Sinoussi

The Nobel Prize in Physiology or Medicine 2008 was divided, one half awarded fo
Harald zur Hausen Yor his discovery of human papilloma viruses causing
cervical cancer”the other half jointly fo Frangoise Barré-Sinoussi and Luc
Montagnier “for their discovery of human immunodeficiency virus".
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