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Generalities and definitions (1)

< |Infectious diseases

=they include all diseases caused by the transmission of a micro-organism
or an infectious agent with clinically manifested tissue damage

% viruses, bacteria, parasites, fungi, and protozoa

< Infection
= pathological consequence at the level of atissue or an organism of the abnormal
presence and/or multiplication of a bacterial, viral or fungal micro-organism
<& Host

= a person (or animal) who permits the multiplication of an infectious disease agent
under natural conditions

% once an agent infects the host, the degree and severity of the infection will
depend on the host’s ability to fight off the infectious agent

< Pathogen

= a micro-organism capable of causing disease in a susceptible host




Generalities and definitions (2)

< Virus-host interactions
% they are the viral and host processes that occur during viral infection, which enable
both partners to respond to each other
< Contamination

= entry of the infectious agent into a host organism

< Contagiousness and mode of transmission

% they differ depending on the nature of the infectious agent

< The severity of infections varies greatly
% benign and self-limiting (cold) to severe and complicated life-threatening forms
(encephalitis)
< Virulence
% term to indicate the degree of pathogenicity of a micro-organism and the severity
of the caused disease
< Opportunistic pathogen

= micro-organism that can become pathogenic in certain situations, particularly

when the host’s defenses are disturbed :
—




Generalities and definitions (3)

< One of the leading causes of death worldwide

= 17 million deaths per year

< Three great plagues

= HIV, tuberculosis, malaria, etc.

< Despite advances in treatment and prevention, there are very few eradicated
Infectious diseases

% smallpox

< The situation would even tend to reverse
- re-emergence of old pathologies related to changes in human behaviour
- emergence of new pathogens

- emergence of multi-resistant bacteria with the spectrum of a post-antibiotic era




Leading causes of death worldwide

2000 2019

1. Ischaemic heart disease

2. 5troke
55.4 ml|!IOn. deaths 3. Chronic ocbstructive pulmonary disease
worldwide in 2019
4. Lower respiratory infections
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5. Neonatal conditions
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6. Trachea, bronchus, lung cancers

7. Alzheimer’s disease and other dementias

8. Diarrhoeal diseases
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9, Diabetes mellitus

10. Kidney diseases
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Examples of leading causes of death by country (1)
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Examples of leading causes of death by country (2)

Country
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Daily life with micro-organisms
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lI- Host - virus interactions
In the Human organism
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“ 1- Notion of reservoir H




Reservolir

< Human

= main reservoir of viruses for the animal species
direct contact transmission

indirect contact transmission through the external medium

< Intermediate host

% arthropods, mosquitoes, ticks

West Nile Virus Transmission Cycle

< Animal

0\(¢ [ MOSqwt

4 ! Insect Vector
Culex Mosquitoes

Reservoir Hosts:
Birds

% Human = accidental host

% Dead-end hosts

% rabies, hantavirus, West-Nile virus

M,
.y¢‘ : 9Squito to o®
D

%n*nﬁ

Accidental Hosts:
People & Animals
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“ 2- Modes of transmission H
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Modes of transmission (1)

[ Inhalation
ingestion | [
Blood
organ

inoculation

S

y Congenital / vertical
sexual "/
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Modes of transmission (2)

- 2

ﬁ‘\ S HIV, HBV, HCV

EDire-:t HIV, Ebola virus, v
tact
amac HPV, HSV-1 J
Abiotic environmental factors
Indirect . .
Contact Flu virus, norovirus
s Water
Droplets . .
Ebola virus, flu virus
—
— —
Airborne Flu virus, SARS-CoV-2

Fecal - Oral HAV, HEV, rotavirus
ra. r* 4 &

Animal vectors

Rabies virus, dengue , Pregnancy, delivery

virus, hantavirus and breastfeeding

HIV, HBV, CMV, HSV-1,
rubella virus




Modes of transmission (3)

< latrogenic transmission

[/ TP
77 ©

% syringes, blood-derived drugs, invasive explorations, transplants, etc.

= during medical procedures

= HIV, HBV, HCV, CMV

< Transmission by an arthropod vector
= by mosquitoes, ticks, etc.

= Zika, Dengue, Yellow fever
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Modes of transmission (4)

How zoonotic diseases are transmited LONDON gy
HYCIENE B~ 11
STROPICAL O IhER
o o MEDICINE
O O I Vector-borne
O  Airborne @ Vectors disease Direct contact
O transmitting infected agents ~ with animals
Transferof O s
: from animals Bites from an
O viuses * Lo
0O * infected animal
O »
*
Close proximity Food-borne
to animals Consuming infected
Faecal oral transfer/ meat or milk
animal body fluid
incuts

L

Source: WHO
Credit: Rebeccah Robirnmen/LSHTM

18




“ 3- Portals of entry for infection H




Portals of entry for infection (1)

‘@51“’ SORLF FF

@ el

@ < Cutaneous route

- contact without injury

&®

< Respiratory airway

O flu virus, enterovirus )

< Alimentary tract % HPV, HSV-1
% norovirus, rotavirus, HAV - contact with a lesion
G HIV, HBV

< Conjunctiva

% adenovirus

< By inoculation

- insect bhites

% dengue virus, Zika virus

- bites
t& % rabies virus < Urogenital tract
¥ - intravenous injection (IV drug & Y HPV, HSV-2, HIV
addiction) v

% HIV, HBV, HCV ﬁ\?s
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Portals of entry for infection (2)

< Surfaces of the body in relation to the entry and shedding of viruses

Conjunctiva —— 2%
& Mouth DConjunctiva
skin
Scratch
Respi ) vam 5 :
i r:tbry \ : bite
‘ - Biteof |
- vertebrate
‘ Inoculation,
Gastro-intestinal ‘ transfusion |
tract
Scratch, _|
injury
Heasn Capillary
Urogenital
tract Anus

21
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Skin and conjonctiva

DConjunctiva

Scratch
bite

Capillary

\

Skin

< Skin
- Arthropod bites
% arbovirus: dengue virus, yellow fever virus
- Minor lesions
= multiplication in the cells of the dermis and epidermis
& HPV, poxvirus, herpesvirus
- Major lesions
- Animal bites
® rabies virus
- lesions in contact with soiled materials
% HBV, HCV, HIV

< Conjonctiva
% Adenovirus, HSV-1
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Respiratory tract

Mouth
nose

) < Aerosol production by coughing and sneezing
ungs

< Local respiratory tract infections

% orthomyxovirus, paramyxovirus, rhinovirus

< Generalized infections with respiratory starting point

% measles, rubella, mumps
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Alimentary tract

Mouth

< Fecal-oral transmission through water and food contaminated
with viruses released into the stool

< Resistance of these viruses to acidic pH, proteases and
bile salts

< Localized infections

% rotavirus, enterovirus

Anus ) ] :
<& Generalized infections

% poliovirus
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Urogenital tract

Urogenital

tract Anus

< Sexually transmitted infections (STI)

< Localized infections
% Papillomavirus = condylomas (genital warts)
& HSV-2 = genital herpes

& Adenovirus = cystitis

< Generalized infections
% HIV, HBV, CMV
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“ 4- Portals of exit “




Release of the virus from the body

< Saliva < Skin rash
% EBV, CMV, HSV-1 % HSV-1, VZV
< Respiratory secretions < Blood
% Flu viruses, measles, VZV % HIV, HBV, HCV, CMV
< Stool < Maternal milk
% rotavirus, enterovirus, adenovirus, poliovirus & HIV, CMV
< Urine < Genital secretions
% mumps, CMV, measles % HIV, HBV, HSV-2
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5- Different types of viral infections
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Pathophysiology of viral infections (1)

+ and ++ sites of replication
Blue route of shedding

Infection
Influenza
Skin, throat ¢ Q — Parainfluenza
lung in'testinel ann Rhinovirus rhinitis
' elcl. -—"" T Rotavirus diarrhea
+) Lymph node
Bloodstream

(primary viremia)

Blood vesse‘l‘, M Spleen
Arbovirus Dengue
West Nile encephalitis
( passage c hez Zika encephalitis ‘—/
le vecteur)

Hepatitis B and C
Yellow fever
HIV infection

~_ T\

Blood stream
(secondary viremia)

{Skin $Brain

Varicella Arboviruses Measles
Ebola virus Polioviruses
Poxviruses Rabies

Respiratory Kidney Salivary
system gland

BK polyoma  Rabies
Coronaviruses Arenaviruses Cytomegalovirus
Adenoviruses  Hantaviruses Arenaviruses
Rubella Mumps

29




Pathophysiology of viral infections (2)

< The viral infection starts at a specific entry door to the body

< Primary replication of the virus at a site near the entry site

= localized / local infection

< Passage through the lymphatic system, local lymph nodes and blood
dissemination

= viremia

< Reaching the target organ where multiplication leads to disease

= generalized / systemic infection

< Viral infection is the consequence of interaction between viral factors
and host response

< The balance between these elements defines the duration of infection

% acute or persistent infections
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Pathophysiology of viral infections (3)

Acute

transient

1- Inadequate immune response
2- Strategies

Latency

Sanctuary sites /

(brain, skin)
N Antibody-dependent

_— enhancement

Persistence
/

Antigenic variation AN

Interference with
antigen presentation
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Viral factors

< Mode of release into the organism
< Cell tropism

< Number of infected cells

< Direct or indirect cytopathic effect

< Virulence proteins

% factors involved in viral replication

< Escape to the host’s defenses

% inaccessible replication sites
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Factors related to the host = risk factors

< Extreme ages of life
% newborns, infants and the elderly

< Pregnancy
% possible viral reactivations in pregnant women

< Hormonal status
% neurological complications of mumps more common in boys

< Innate or acquired immune deficiency
% immune system diseases, immunosuppressive therapies, chemotherapy

< Undernutrition and/or malnutrition
% impact on immunity

< Chronic pathologies
% diabetes, liver cirrhosis, mucoviscidosis, etc.
< Genetic factors

% example of CCR5 co-receptor mutation for HIV entry

< Travel to endemic areas

< Contact with animals 33
\—J



Host - virus Interactions

Host factors Virus factors

Fragility, comorbidities,
Impaired defense
mechanisms, nutrition,
stress, medication

Ability to multiply and
spread, escape to the
host’s defenses

Virulence factors and
pathogenicity

Risk factors

If imbalance in favour of
the virus = disease
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Overview of the viral infections (1)

-

Asymptomatic infections
(carrier of the virus, reservoir)
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Overview of the viral infections (2)

Encephalitis/

meningitis Common cold
- JC virus - Rhinoviruses
- Measles - Parainfluenza virus
- LCM virus - Respiratory syncytial

- Arbovirus virus

Eye infections

- Herpes simplex virus
: - Adenovirus

- Cytomegalovirus

- Rabies

Pharyngltis/ Gingivostomatitis
- Herpes simplex type 1

- Adenovirus
- Epstein-Barr virus
- Cytomegalovirus

r—Parotitis Pneumonia
- Influenza virus,

Types A and B
- Parainfluenza
virus
- Respiratory
syncytial virus
- Adenovirus

Cardiovascular
- Coxsackie B virus

- SARS coronavirus

Hepatitis
- Hepatitis virus
types A, B,C,D, E

Skin infections
- Varicella zoster virus
- Human herpesvirus 6
- Smallpox

- Molluscum contagiosum

- Human papillomavirus
- Parvovirus B19

- Rubella

- Measles

- Coxsackie A virus

e Myelitis
& ' - Poliovirus
el - HTLV-I
. Fao o 42 >—— Gastroenteritis
SR ' 1 - Adenovirus
i - Rotavirus
i N rx - Norovirus
" Sexually transmitted - Astrovirus
diseases - Coronavirus
- Herpes simplex type 2
- Human papillomavirus Pancreatitis
-HIV - Coxsackie B virus
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Localized / local infections

< Infection that remains localized to epithelial cells at the primary site of infection
% respiratory infections: flu virus, rhinovirus, RSV (respiratory syncitial virus)

% gastroenteritis: rotavirus, norovirus, calicivirus

< Some factors are involved in localization

1- Temperature sensitivity of the virus
In the lung, 33°C after nasal passage, 37°C in the pulmonary alveoli
Rhinovirus at 33°C = upper respiratory tract infection
Flu virus at 37°C = lower respiratory tract infection

2- Lack of permissiveness of cells

Only permissiveness of epithelial cells

3- Polarization of epithelial cells

Mode of release by the apical pole or the basal pole
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Generalized / systemic infections
< After primary infection, passage into the lymphatic system, the local lymph
nodes, and into the bloodstream

< Blood distribution in the body = viremia

% the fastest and most efficient route

< Reaching the target organ in which viral multiplication causes the disease
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Different types of viral infections (1)

L 4

Cure and
elimination of
the virus

Rotavirus, HAV

Acute infection

|

A\ i

Transforming infection

Evolution towards
cancer

Latent infection Chronic infection

Primary infection, Continued
latency and production of the
reactivation virus, inadequate

HSV, CMV, EBV, Immune response

VZV HBV, HCV

HBV, EBV, HTLV-1
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Different types of viral infections (2)

Virus ——p

+ Acute infection
Influenza virus
Hapatitis A virus
- . y
Latent infection
Hempes simplex virus
Varicella-zoster virus f}-\
+ Chronic infection
Hepatitis B virus =5
+
+ Human immunodeticiency virus ‘/
o
7/
Slow infection - S
Unconventional agents i
e a— o wm = i
Farly disease —_— Months or years —- Late disease
i y

40




< Virus replication

< Elimination of the virus by the immune response

< Symptomatic or asymptomatic




Persistent infection

< Maintenance of the viral genome in the cell

< Sufficient number of surviving cells
% low cytopathic effect

% no disruption of transcription or translation of genes necessary for the survival
of infected cells

< No clairance of the virus by the immune system

- invisible to the immune system

% sites, no viral antigens, replication in immune cells

- escape to immune response

% interference with antigen presentation, expression of MHC molecules

< Two main categories
- Latent infection

- Chronic infection

42
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Latent infection

< Essentially for DNA viruses

% greater chemical stability than RNA in the cell

<& Examples
- Orthoherpesviridae: HSV-1, HSV-2, VZV, EBV, CMV

< No viral production during latency
< Possible transmission of the virus during reactivations

< Latency in sites that are characteristic of the virus
- quiescent cells: neurons for HSV and VzZV

- cells in division: B lymphocytes for EBV
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Chronic infection

< Continuous production of viral particles
< Viral transmission for very long periods
< Viral genome maintained in the host

< Persistence sites
- organs: liver (chronic hepatitis)

- heterogeneous: lymph nodes, blood (HIV)

< Inadequate and/or inappropriate immune response = persistence
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Host disease and infectiousness dynamics

Disease dynamics

Date of Onset of Recovery most
infection the disease of the time

Patients: cured,
Incubation period Symptomatic period carrier, deceased
Latency period Contagious period Time (Days)

Onset of the End of the
infectiousness infectiousness

Infectiousness dynamics
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[La lutte antivectorielle en France, D. Fontenille et al., 2009]



“ 6- Immune response H




Virus

Several lines of defense (1)

Innate immunity

Adaptive immunity

Phagocytes

P

Complement

Epithelial
barriers

NK cells

Antibodies

Hours

B3 4

6 12 1

Elapsed time since infection =y >
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Several lines of defense (2)

Immediate action _Orlentatlon of the
Immune response

Innate immunity

Limitation of
Activation of the the damage
adaptive response

Ability to adapt

Adaptive immunity

Setting up a
memory
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Dynamics of the antibody response

< Several contacts with the virus / Successive immunisations

Antibody level

10,000

B 10007 /\c = Primary response

o 100 - 9

3

= T IgM > IgG

'.5.. 1 - /"f—— ) °

.g - IgM Weak affinity

[T}

5 0l Low level of somatic hypermutation

Antibody affinity

100 = Secondary response
1094
1084 / Isotypes IgG and IgA

Strong affinity

| [a—
1osré IgM High level of somatic hypermutation
104 —

12 3 456 7 8 Memory

Affinity (M)
3 E
Q
o

immunization
Time after immunization (weeks)

49
_d

[Murphy et al., 2012, Janeway’s Immunobiology]



lIl- HOSt - virus Interactions
In the Cell
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Cell - virus Iinteractions

< Virus = mandatory parasites

- they depend on the cell for the replication of their genome and the production of
their components (proteins, envelopes, etc.)

- they divert the functioning of the cell to their benefit

- they promote the survival of the host cell

< Cell and its antiviral defenses

- innate intracellular mechanisms

% RNA interference, apoptosis, autophagy

- soluble immune system factors: interferons

% stop translation

- adaptative mechanisms
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1- Disruption of cell function
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Use of cellular machinery

< Lack of enzymes and associated systems to conduct most metabolic
and biosynthetic reactions

= so viruses depend on the cell for the majority of their functions (energy,
metabolites, machinery...)

% although most viruses have polymerases and enzymes that modify nucleic
acids as well as various enzymes

< Viruses have mechanisms for recruiting, adapting, modifying or usurping
cellular machinery

< A large part of the viral genome encodes regulatory molecules

<& Examples

- direct use of cell function and components

% replication and transcription of HPV DNA identical to cellular DNA

- turning the cellular machinery against itself
% induction of apoptosis by rotavirus
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Survival of the virus in the host cell

< Role of viral non-structural proteins

< Virus replication

% RNA-dependent RNA polymerase

< Cell cycle blocking
% Vpr (HIV), T antigene (SV40)

< Immortalization of cells

% E6 and E7 proteins (HPV)

< Modulation of cell gene expression

% HBx protein (HBV) which is a transactivator protein

< Blockage of the splicing of the cell mMRNA
% ICP27 protein (HSV-1)
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2- Antiviral defense of the cell
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Viral modulation of the antiviral defense

r Adaptive immunity b
_ Immune ) T-Cell
* response specificity
I e e (mhr \ | {modulation) ﬁu_pe_rantigej
= | signaling J \ —
@ 2 I M.HC " NFkappaB\
Pattern Recognition Receptors i antlgen. Sl o
(PRR) / resentation, §
: b !
RIG-like Receptors || Toll-Like Receptors I ol
(RLR) (TLR) | \ { Cellcycle
Viral RNA sensors || extracellular sensors | ‘ modulation
‘ |
(P B soooioss
poptosis
i Viral DNA | '» :
dsRNA and S e :
stress sensor l | (1) Autophagy )
" -
I o Interferon-Stimulated
| genes (ISG)
| |Unfolded protein ,
response /
_ ’T]‘ ~ W Host
s defense genes | protein expression
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Example of the PKR protein (1)

< PKR = dsRNA and stress sensor

PP1 modulation

;

P

Inhibition \/

of translation




Example of the PKR protein (2) :

< Inhibition of PKR by many virus

Cytokines IRES

= Stress - !
s ~e= PKR dsRNA

BOOOBOOBT transcription/replication
K/mﬂuenza& B

=2 T
< <

.

side product of viral

Eo
o
c
3
S
=
w

Vaccinia DKR T e
virus Swinepox @}0(—» ( EAEEI-»nC-a_sEss_Sx Apoptosis .
nhibition e P N
z { elFZm;Q ¥ E .
of translation \/ S P
& Vaccinia
virus
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