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Virus production

Padroes de infeccao

= Existem dois grandes tipos: agudo e cronico.

/7

¢ Rhinovirus
* Rotavirus
¢ |Influenza virus

Acute

Latent
/.\ /\ * Herpes simplex virus types 1 and 2

Persistent: asymptomatic
¢ Lymphocytic choriomeningitis virus

e JCvirus

Persistent: pathogenic

e Human immunodeficiency virus type 1
¢ Human T-lymphotropic virus

* Measles virus SSPE

Time Death




Padroes de infeccao

= Padrao AGUDO.

A\

= Rapido estabelecimento de replicacao viral.

= Doenca curta, mas potencialmente grave (Existe doenca?).
= Producao de grande numero de particulas virais.
= Eliminacgao pelo sistema imune.

= Duracéao variavel (Norovirus ~72 horas; HBV 6-12 meses;
HPV 12-36 meses)



Padroes de infeccao

= Padrao AGUDO.

Induction o
adaptive
response

Virus reproduction

T Duration of infection T
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infection or controlled



Padroes de infeccao

= Padrao AGUDO.

Algumas infeccOes sao assintomaticas.

Ha producéo de particulas virais. Necessarias para manter na
populacao.

Diferentes porcentagens dependendo do tipo viral: <90% poliovirus,
~80% SARS-CoV-2, 30% Norovirus, 0% Sarampo, 0% raiva, etc.

Os patdégenos bem adaptados sao os que menos se “manifestam”.



Padroes de infeccao

= Padrao AGUDO.

= Infecclbes locais e infeccdes sistémicas

= As infeccOes agudas sao um problema
comum de salde publica.



Padroes de infeccao

= Padrao AGUDO: localizado.

Genoma

Envelope

Virus influenza

Familia : Orthomyxoviridae
Virus envelopado de ~100 nm

Genoma de RNA (-) segmentado

PBPAHANPNMN

Quatro tipos: A, B, C
- 8 segmentos em influenza Ae B
- 7 segmentos em influenza C

..‘,;

A nw r’\

HA (H)
Hemaglutinina Neuraminidase



Virus influenza

Reservatorios naturais e possibilidades de Pandemias

Influenza A v

Wild birds
H1-H4
Aquatic H7
mammals H10 H1-H16
N1-N9
H1 ?
H13
Bats
?
H17N10
H18N11
H5, H7
H9, H10
H3N§
H7N7
H5N1
H5N1
H3N2
H3N8
H1N1, H3N2
H5N1, HON2

H10N4

Padrao AGUDO: localizado.

irus Influenza B virus Other influenza viruses

Humans

HINT H3N2
(H2N2)

Influenza C virus Experimental animals

H1,H3

H5, H6, H7
H9, H10

HIN1/2
H2N3 H3N2

Influenza D virus

Domestic and wild animals

HIN1
H3N2
H5N1

Nature Reviews Microbiology volume 17, pages67—-81(2019)
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= Padrao AGUDO: localizado.

a(2.6) human
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Padroes de infeccao

= Padrao AGUDO: localizado.
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Padroes de infeccao

= Padrao AGUDO: localizado.

Rotavirus

Familia : Reoviridae
Virus n&o envelopado de ~60-80 nm
Genoma de RNA (ds) segmentado

Nove espécies: A-l (cepa G1 é a mais comum).

= Ainfeccéao por rotavirus € a principal causa de diarréia por virus em criancgas.

= A proteina viral ndo estrutural NSP4, tem acdo semelhante as enterotoxinas.

www.cdc.gov/vaccines/pubs/pinkbook/rota.html



Padroes de infeccao

= Padrao AGUDO: localizado.

OUTER CAPSID Rotavirus
VP8 VPS5 VP7

RdRp VP1,VP3

'WiralZone 20

VP6 Vg St s T=13 T=2*%
INTERMEDIATE INNER INTERMEDIATE INNER CAPSID
CAPSID CAPSID CAPSID

viralzone.expasy.org/107?outline=all_by_species



ROtAVITUS Padroes de infeccao

= Padrao AGUDO: localizado.

St
> ENS
= NSP4 ativa vias de sinalizacao na mucosa intestinal que leva a elevagao do p’otencial

de Ca?* que aumenta a secrec¢do de Cloro = diarréia
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Padroes

localizado.

Padrao AGUDO:

Rotavirus




Padroes de infeccao

= Padrao AGUDO: Sistémico.

Sarampo

Familia : Paramyxoviridae

=  Género: Morbillivirus

Hemagglutinin

= Virus envelopado de ~100-300 nm
= Genoma de ssRNA (-) ~16 kb

Lipid Membrane
Nucleocapsid

N (Nucleoprotein)
P (Phosphoprotein)
L (Large protein)

RNA

Matrix Protein by 8 < _
(Newcastle disease virus) 5o s o RNA-directed RNA Polymerase

(vesicular stomatitis virus)




Padroes de infeccao
Sal’am pO = Padrdao AGUDO: Sistémico.

Receptor principal:
= Signalling lymphocyte activation molecule (SLAM, SLAMF1 ou CD150).

= Timocitos, macrofagos, células dendriticas maduras, células de Langerhans,
linfécitos e plaquetas.

Receptores secundarios:
= Nectina 4 (PVRL4)
= Em unides aderentes de epitélios

= DC-specific intercellular adhesion molecule 3-grabbing non-integrin 1 (DC-SIGN
ou CD209) e Langerina (C-type lectin domain family 4 member K)

= Células dendriticas maduras e células de Langerhans, respectivamente.



Padrao AGUDO: Sistémico.

Padroes de infeccao

MeV infection

Late

e e e

Nectin 4

doi:10.1038/nrdp.2016.49
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= Padrao AGUDO: Sistémico.

Sarampo

M ﬁ“ﬁ il
Mte
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s Primary viremia and spread
Multiple organs to draining lymph nodes

Secondary viremia and spread
to body surfaces
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Padroes de infeccao

= Padrao AGUDO: Sistémico.

Sarampo

a
Myeloid tissue |— : : - : . M.eV
Lymphoid tissue { < | [ —— | T
Epithelium == : ; _—, :
b | | |
| | | Clinical signs
Prodromal phase | > | I g
Fever - | < T |
Rash : :
Transmission - | |
Immune suppression | —_— I
| | |
| | | |
0 7 14 21 28

Time following MeV infection (days)

doi:10.1038/nrdp.2016.49



Country
Brazil

Padroes de infeccao

= Padrao AGUDO: Sistémico.

Sarampo

Number of reported measles cases (6M period)

13964

DR Congo 8651
Philippines 5054
Bangladesh 4108
Kazakhstan 3855
Viet Nam 2727
Nigeria 2448
Thailand 2035
Ukraine 1742
New Zealand 1711

=
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>=1000 (19 countries or 10%)
100-999 (40 countries or 20%)
10-99 (42 countries or 21%)
1-8 (35 countries or 18%)

0 (38 countries or 19%)

No data reported

Not avadable

World Health
Organization

Map production: World Health Organization, WHO, 2020. All rights reserved

Data source:

IVB Database
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Padroes de infeccao

= Padrao AGUDO: Sistémico.

Poliomielite

Familia: Picornavidae
Género: Enterovirus

= Capsideo icosaédrico, nao envelopado, de
27-32nm.

= Resistente ao calor, frio, condicdes acidas e
relativa resisténcia a desinfeccao.

= Genoma de RNA linear, de fita simples, (+).

= 3 sorotipos

= Principal via de transmissao: Fecal-oral.



Virus —

Padroes de infeccao

= Padrao AGUDO: Sistémico.

Poliomielite

Replication
in oropharynx
and intestine

Mucosal surfaces

spinal cord
1%

motor neuron N

'

Lymph node

]!
" retrogray
) )

| motor end plate



Padroes de infeccao

= Padrao AGUDO: Sistémico.

Poliomielite

Small intestine 6k CNS .
* Invasion - lnva§|on .
* Multiplication * Multiplication
- Intraneural
spread
7 b—
Mesenteric lymph nodes
- Multiplication
| sl
Bloodstream
- Primary viremia
l 9 ¥
Central focus
— — of multiplication 10 High level
- of antibody
Bloodstream 3 in serum

+ Secondary viremia

Initial antibody appearance

r Paralysis




Padroes de infeccao

= Padrao AGUDO: Sistémico.

= Enterovirus: poliovirus, echovirus e coxsackievirus

Poliovirus (1, 2 e 3)

Echovirus 6, 7, 9, 11, 13, 16, 18, 25 e 3. (“Echo” acronimo de “enteric
cytopathogenic human orphan”)

Coxsackievirus A9, B1, B2, B3 e B4.

Enterovirus 70 e 71.

Outros... V

Principal causa de meningites virais confirmadas
(até 95% dos casos)




Padroes de infeccao

= Padrdo CRONICO.

Latent
/.\ /\ * Herpes simplex virus types 1 and 2

Persistent: asymptomatic
¢ Lymphocytic choriomeningitis virus
® JCvirus

Persistent: pathogenic

e Human immunodeficiency virus type 1
¢ Human T-lymphotropic virus
* Measles virus SSPE

Death

Virus production

Time

Rapido estabelecimento de replicacao viral (parece infeccdo aguda).
A infeccao nao é eliminada (Existe doenca?).

Expressao e replicacdo continua de genes virais. Producao de particulas
virais.

Persisténcia de genomas virais mesmo na auséncia de expressao génica.



Padroes de infeccao

= Padrdao CRONICO.

Nao existe um Unico mecanismo de persisténcia.

Favorecida por falta de efeito citopatico e resposta imune ineficiente.
Presenca de mecanismo virais de evasao e imunomodulacéo.
Persisténcia de genomas virais mesmo na auséncia de expressao génica.

Locais com reduzida atividade do sistema imune apresentam condicoes
ideais para persisténcia.



Padroes de infeccao

= Padrdo CRONICO.

Table 5.2 Some persistent viral infections of humans

Virus

Adenovirus
Epstein-Barr virus
Human cytomegalovirus

Hepatitis B virus

Hepatitis C virus

Human immunodeficiency virus

Herpes simplex virus types 1 and 2

Human T lymphotropic virus types 1 and 2
Papillomavirus

Polyomavirus BK

Polyomavirus JC

Measles virus

Rubella virus
Varicella-zoster virus

Site(s) of persistence
Adenoids, tonsils, lymphocytes
B cells, nasopharyngeal epithelia

Kidneys, salivary gland, lymphocytes,” macrophages,”
stem cells,” stromal cells®

Liver, lymphocytes

Liver

CD4" T cells, macrophages, microglia
Sensory and autonomic ganglia

T cells

Skin, epithelial cells

Kidneys

Kidneys, central nervous system
Central nervous system

Central nervous system
Sensory ganglia

Consequence(s)

None known

Burkitt’s lymphoma, Hodgkin's disease
Pneumonia, retinitis

Cirrhosis, hepatocellular carcinoma

Cirrhosis, hepatocellular carcinoma

AIDS

Cold sore, genital herpes

Leukemia, brain infections

Papillomas, carcinomas

Hemorrhagic cystitis

Progressive multifocal leukoencephalopathy

Subacute sclerosing panencephalitis, measles inclusion
body encephalitis

Progressive rubella panencephalitis

Zoster (shingles), postherpetic neuralgia

“Proposed but not certain.



Pad I’ﬁeS de infeCQéO = Padrdo CRONICO: mecanismos de evasao.

= Restricdo da apresentacao de antigenos por MHC .

Cytotoxic T lymphocyte

Infected call HIV Ni_/ \’mCMV gp48
Lysosome

TRUVLULY
\
Q*a’" viral and
cellular peptides _!.-‘|....

Golgi apparatus

Dbt - mCMVY m152
iquitin-dependen == Adenovirus E3 gp 19kDa
proteolysis hcMmV Us3

Endoplasmic
reticulum

Degraded by
proteasome

p2-Micreglobulin

j \/'\/‘\/’\/\/’\/\/

MHC class 1

|hCMVU511,U52‘/NudeUS \/\/\f\)\;\f\/\ i\\
|

Adenovirus E1A
HIV Tat




INFECTION s

Padroes de infeccao * Padréo CRONICO.

HERPESVIRUS: INFECCAO LATENTE

Laténcia - Estado transcricional e traducional tnico do virus. O ciclo produtivo
nao funciona mas pode ser ativado a qualguer momento.

(b) Latent infection

reactivation reactivation

TIME (years) -



Padroes de infeccao

= Padrdao CRONICO.

HERPESVIRUS: INFECCAO LATENTE

Table 1| Human herpesviruses

Name

HSV-1
(HHV1)

HSV-2
(HHV2)

VZV
(HHV3)

EBV
(HHV4)

CMV
(HHVS)

HHV6

HHV7
HHV8

Subfamily Sequence characteristics

‘\‘f

B
‘\‘f

GC content

68%

70%

46%

59%

57%

42%

36%
53%

% coding

79

79

89

68

79

79 (subtype A);
82 (subtype B)

79
83

Cell types infected

Lytic infection

Epithelial cells

Epithelial cells

Epithelial cells

B cells,
epithelial cells

Macrophages,
lymphocytes,
epithelial cells

CD4* T cells

T cells
Lymphocytes

Latent infection

Neurons

Neurons

Neurons

B cells

Macrophages,
lymphocytes,
epithelial cells

Monocytes,
macrophages

Tcells
Lymphocytes

Pathophysiology

Orofacial infections,
encephalitis

Genital and neonatal
infections

Chickenpox, shingles

Infectious
mononucleosis,
lymphoma, carcinoma

Congenital infection,
retinitis, hepatitis

Exanthem subitum

Exanthem subitum

Kaposi's sarcoma

CMYV, cytomegalovirus; EBV, Epstein—Barr virus; HHV, human herpesvirus; HSV, herpes simplex virus; VZV, varicella-zoster virus.



Padroes de infeCQéO = Padrdo CRONICO: mecanismos de evasio.

; {& Virus{?} ;3}
@ {5} 0 {l} Nuclei

HSV

Epithelial cells
(cell-cell spread)

|

Be

0]
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Sensory

innervation
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° e
=3
4
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Innervation of
blood vessels,
sweat glands

{¢

Spread to peripheral
- nervous system
Potential spread
to lymph and ° l
circulatory system;
infection of l Sensory Sympathetic e Peripheral axon
lymphocytes neuron neuron
° cell body cell body
°
(® = Immune
Immune >/ |° surveillance
surveillance .
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. / Satellite cells
Sensory ganglion
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nervous system <«—| Central axon <«—{ Axon from
to central neurons in
nervous the central
VY system nervous
system
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= Laténcia (+) em locais com
limitada vigilancia
imunologica.

Mucosal surface

Epidermis

Dermis

= Reativacao por estresse
fisico (UV, dano fisico),
emocional e hormonal.

= Estimulo de proteinas
necessarias para retomar o
programa transcricional.



Padroes de infecgéo = Padrdio CRONICO: mecanismos de evasao.
HSV = Laténcia (+) em locais com limitada vigilancia imunolégica.
= Reativacéo

= Ciclo viral: expressao dos genes precoces imediatos, precoces e tardios

[newly synthesized

nucleic acid]

Time post-infection

f) 2 Lipid envelope
L

E /
Replication
proteins

Inner tegument layer



Pad rﬁeS de infecgéo = Padrdo CRONICO: mecanismos de evasao.

HSV = Laténcia (+) em locais com limitada vigilancia imunoldgica.

= Reativacéo

SO ' —H3K/9me2/3 H3K27me3
=< ; /

Neuronal stress HSV Lytic Promoters

Kinase activation

H3pS10

Phase | : J
(animation)

VP16 i histone demethylases

* ggm acH3

Phase Il
(full reactivation)



Padroes de infeCQéO = Padrdo CRONICO: mecanismos de evasio.

EBV = Laténcia (+) em locais com limitada vigilancia imunoldgica.
Primary infection Persistent infection
-_— T — — - — — ~
EBV #if ! ,
: 1 % Eav Saliva
| | R
| }
! ' + Oroph
E % : I ﬁ-}]\ 1 Epithelium rop awnx

! L

)| | o
| .

¢ 0 ! Q3 Dermis
|
I Lyti <
Resting B cell | E}é_t\ifc_infeded

! B cell
1

| ’ [ A

| [
| 11— r -

—r 1 | —— v — Table 5.3 Epstein-Barr latency programs
I LMP-2 \ LMP-2 Latency Expressed viral
LMPL1\\ Y | 4IV_MP—2 i . 7 . 4 program genes Disease(s)
1 | 0 None None
EBV-infected —_ 1 I LMP-2A/EBNA-1 Burkitt’s Lymphoma
fiE=llEes I EBNA-1, LMP-1, Hodgkin's disease, nasopharyngeal
) LMP-2A, -2B carcinoma
/ Latently infected, LMP-1 111 EBNA-1,-2,-3, -4, -5, Infectious mononucleosis, ATDS-related
resting memory -6, LMP-1,-2A, 2B immunoblastic B cell lymphoma

T cell killer cell

Cytotoxic Natural "
Cytotoxic
T cell

Reactivated
EBV-infected
B cell

{



Padroes de infeccao

= Padrdo CRONICO: mecanismos de evasao.

= Qutros mecanismos de persisténcia.

HHV-6 integration
! Telomeric region of
human chromosome
DRL DRR \
” £ 1[| *—, Telomeric repeats HHV-6 genome
MeE__—_10 g 11 " CiHHV-6

Integra nos teldmeros de determinados tipos celulares.
~1% de transmisséao pela via germinativa.
Possivel estratégia de laténcia e transmissao.

Mecanismo geral para retrovirus.



Pad rf)eS de infecgéo = Padrdo CRONICO: mecanismos de evaséo.

= Qutros mecanismos de persisténcia.

TABLE 1 Clinical syndromes associated with HHV-6 infections

Stage of HHV-6 Putative pathogenic

infection effect Associated disease?

Congenital infection Direct/indirect® CNS developmental defects®

Postnatal primary Direct Exanthema subitum (rosecla infantum, sixth disease)
infection Fever, seizures

Mild gastrointestinal and respiratory-tract symptoms
Thrombocytopenia, infectious mononucleosis-like syndrome
Hepatitis, gastroenteritis, colitis
Meningoencephalitis and encephalitis
Hemophagocytic syndrome*©
Temporal lobe epilepsy©

Acute reactivation Direct Fever
Rash
Thrombocytopenia, leukopenia, anemia, bone-marrow suppression
Hepatitis
Encephalitis, neurocognitive dysfunction
Retinitis
Pneumonitis
Gastroenteritis, colitis
Temporal-lobe epilepsy*©

Indirect Drug-induced hypersensitivity syndrome

Allograft rejection®
Graft-versus-host disease®
Thrombotic microangiopathy©
Higher incidence and severity of infections with CMV, fungi, and other opportunistic
pathogens®

Chronic infection Indirect Multiple sclerosis®
Hashimoto's thyroiditis®
Myocarditis, cardiomyopathy®
Chronic fatigue syndrome=
Acceleration of evolution to AIDS in HIV-positive individuals®

sCNS, central nervous system; CMV, human cytomegalovirus; AIDS, acquired immunodeficiency syndrome; HIV, human immunodehciency virus.
“Indirect effect is mainly related to putative immune dysfunction.
“To be confirmed.



Padroes de infeccao

= Padrdao CRONICO: mecanismos de evaséo.

D@0

Monocyte Eosinophil Basophil Lymphocytes

==

Neutrophil

Leucocytes

Muitos virus infectam células do sistema imune.

= Sarampo infecta APC.

HIV infecta Linfocitos T CD4+, macrofagos e APC.

S



Padroes de infeccao

= Padrdo CRONICO: mecanismos de evaséao.

= |nfeccao de locais com limitada atividade imunolégica.

The NEW ENGLAND JOURNAL of MEDICINE

‘ BRIEF REPORT

Persistence of Ebola Virus in Ocular Fluid

during Convalescence = Também detectado

em testiculos

Jay B. Varkey, M.D., Jessica G. Shantha, M.D., lan Crozier, M.D.,
Colleen S. Kraft, M.D., G. Marshall Lyon, M.D., Aneesh K. Mehta, M.D.,
Gokul Kumar, M.D., Justine R. Smith, M.B., B.S., Ph.D.,

Markus H. Kainulainen, Ph.D., Shannon Whitmer, Ph.D., Ute Stréher, Ph.D.,
Timothy M. Uyeki, M.D., M.P.H., M.P.P., Bruce S. Ribner, M.D., M.P.H.,
and Steven Yeh, M.D.

SUMMARY

b

Among the survivors of Ebola virus disease (EVD), complications that include
uveitis can develop during convalescence, although the incidence and pathogenesis
of EVD-associated uveitis are unknown. We describe a patient who recovered from
EVD and was subsequently found to have severe unilateral uveitis during convales-
cence. Viable Zaire ebolavirus (EBOV) was detected in aqueous humor 14 weeks after
the onset of EVD and 9 weeks after the clearance of viremia.




Padroes de infeccao

= Padrdo CRONICO: mecanismos de evasao.

= Mudanca de epitopos.

® |FNs

./: Peptide
A\ MHC
0 o
e,

Perforin and
granzyme B

Virus-infected cell

Apoptosis l
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Padroes de infeccao

= Padrdo CRONICO: mecanismos de evasao.

= Efeito da via e momento da infeccéo.

A Acute Hepatitis B

B Chronic Hepatitis B

5% of adults
Most children <1 yr

Symptoms
HBeAg |l anti-HBe ( HBe ]
r

Total anti-HBc Total anti-HBc
HBsAg IgM anti-HBc IgM anti-HBc .
ALT

3,
HBV DNA \ HBV DNA
" llll //
4 8 24 32 8 24 32 52 100
Weeks post exposure Weeks post exposure

ALT = alanine transaminase



Padroes de infeccao

= Padrdo CRONICO: mecanismos de evasao.

Polyomavirus

Wukipolyomavirus % Avipolyomavirus

KIPyV WUPyV
HPyV6

OraPyV2
MPyV
HaPyV

LPyV
TSPyVe
OraPyV1

Orthopolyomavirus

= |nfectam células dos sistema respiratorio, pele, intestino e rins.

= Mecanismo de persisténcia desconhecido.



Padgett etal., 1971

Gardner etal., 1971

1971

Jcv

Urine, brain
Urine

Padroes de infeccao

= Padrdo CRONICO: mecanismos de evasao.

Allander et al., 2007

Gaynor etal., 2007

2007

WUPyV

Nasopharyngeal tissue

Nasopharyngeal tissue

Feng et al., 2008

2008

Lesion

van der Meijden etal., 2010

Schowalter etal., 2010

Schowalter etal., 2010

2010

HPyV7
TSPyV

Lesion

Skin
Skin

Scudaetal., 2011

2011

Skin, blood,
urine

Siebrasse et al., 2012

2012

Stool, wart

Korup etal., 2013

Limetal., 2013

2013

HPyV12

Stool

Mishra etal., 2014

2014

Muscle biopsy

Gheitetal., 2017

2017

Skin

Mann Prado et al., 2018, DOI: 10.6061/clinics/2018/e558s
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= Estamos infectados de maneira cronica por diversos tipos de virus.

Nervous system
(>3)
LTR retrotransposons
“ DNA transposons
Simple sequence 8.

! repeats
\J
g@ <\

. DNA viruses
[ RNA viruses

Skin, hair, nails
(>13)

Segmental

Respiratory tract duplications
(>17)

Miscellaneous LINEs

heterochromatin

Digestive tract 2 billion bases

(>19) Urogemtal tract

(>6)

Miscellaneous

unique sequences Protein-coding

genes

Virology Lectures 2019 - Prof. Vincent Racaniello - Columbia University Introns

©Principles of Virology, ASM Press
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= Estamos infectados de maneira cronica por diversos tipos de virus.

Everyone

Estimated number of infected individuals

Estimated burden of chronic viral infection in humans
10%=

We each harbor 8-12 chronic infections

103 4

(millions)
—
o
N
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Obrigado!!!



