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FUO, malaise, Encefalitis/
myositis ... Encefalopatia
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Gastroenteritis Nephritis, cystitis, Myelosupression
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RNA viruses

Ortomyxoviridae— Influenza A-C

Paramyxoviridae —> Paramyxovirus —>PIV 1-4
Morbillivirus

o Pneumovirus < RSV
Coronaviridae =—— HCoV hMPV

. L (229E, NL63, OC43, HKU1, MERS, SARS...)
Picornaviridae —— Enteroviruses
\

Rhinovirus —> HRV

Flaviviridae — HcV, Yellow fever Virus, WNV, Denque v...
Caliciviridae = Human caliciviruses — Norovirus, Sapovirus

Astroviridae — Astrovirus | N

Rhadboviridae —> Lyssa virus

ss RNA

< . _
£ Z Reoviridae — Rotavirus
e Orbivirus
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Group of disease related to RNA viral
infections

Respiratory tract infections — influenza, PIV, RSV, hantaviruses...

CNS infections — enteroviruses, parechoviruses, flaviviruses (WNV),
TBE,...

Liver infections — picornaviruses (HAV), flaviviruses (HCV, Yellow
Kidney infections — hantaviruses,...
Immune related infections — HIvV

GIT infections — astroviruses, caliciviruses, rotaviruses

Haemorhagic fevers — Lassa virus, Ebola virus, Marburg virus...

Exanthematic diseases — Mumps virus, Rubella, Dengue...

Respiratory
viral infections

Courtesy of CDC




Respiratory viruses

« Often zoonotic:
— SARS-CoV
— MERS - CoV

Bats — Horseshoe bat,... Civet

Cat Tlger H7N7, HANS, H3N2
Cattle
e (
4 I! !I H7N7, H4N8
N1,2,4,7

LN
y —
H7NT ” H10N4

Host range \ | ]

o] .

H4,5,7,9,10

Leads to high

Frequence of Restriction | ["Native Host

. . Wild water fowl
recombination Hiicic sict ry
of new H1-15; N1-9 Swine "~
. . H1NA, quz\ Hiimars
Ilfe-threatenlng Hanz 1N1 H1NZ,
. . H5N1, HONZ, ~— H3N2 H4NG6
infections HINT H5N1

H3N2, H13N9

Type of biological material
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What to aim during the process of dg? Clinical sym ptoms

Adapted ECDC Definitions
of Respiratory Tract Infectious Disease (RTID)

Clinical criteria
m  New onset of symptoms
AND
at least one of the following four
respiratory symptoms:
— Cough
— Sore throat
— Shortness of breath
- Coryza
AND

— Aclinician’s judgement that the
iliness is due to an infection

Epidemiological Criteria
= An epidemiological link with human to
human transmission

What to aim during the process of dg?

http://ecdc.europa.eu/en/activiti velllance/EISN/surveill

Laboratory Criteria

m  Detection of CARV in a clinical
specimen by at least one of the
following:

— Virus isolation by cell culture (VIC)
— Direct virus antigen testing (DAT)
— Nucleic acid amplification testing
(NAT) g
Case Classification
n Possible case

— Any person meeting the clinical
criteria of RTID

n  Probable case
— Any person meeting the clinical
criteria of RTID and with an
epidemiological link
m  Confirmed case
— Any person meeting the clinical of
RTID and the laboratory criteria

e/Pages/influenza_case_definitions.aspx

4 European Conference on Infections in Leukemia

Good sampling of biological material

First proliferation at the
mucos of upper respiratory
tract.

Virus Transmission from | Mortality
upper to lower RT

RSV 20-68% 17-70%
PIV 13-37% 10-30%
HRhV | <10% <10%

/ Conchae/Turbinate bones
[ &
Frontal sinu§ Inferior Middle Superior
/ Sphenoid sinus
E.’. %
) ﬁienmd

Opening of ,
eustachian tube

Tonsil ——
Oropharynx
\
S~__Epiglottis
A"

Larynx
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What to aim during the process of dg?

Good sampling of biological material

Conchae/Turbinate bones

A |
£\ I
Frontal sini ‘,‘! Inferior Middle Superior
‘ henoid sinus

Spl

Opening of ,
eustachian tube 4# Y

Tonsil
\ Oropharynx

Epiglottis

What about sensitivity according to
the tested material?

— checked 1598 studies, 33
INBSE7 (o5% c177.95) chosen
(26 quantitative)
-(95'/- C135-52) - 1. published/accepted
- 2. patients with dg or

s (9% C180-99) screened for COVID-19
- 3.RT-PCR

- 4. studies aimed at detection

95'/- C177-89) in saliva, sputum, oral
liquids/secretes, pharyngeal
secretes for diagnostic
methods comparisson

- 5. at least 2 samples

- 6. tested in proven COVID-19
patients with pair samples

DTS 82% (95% CI 76-88)

BALF 97% (95% CI 86-100)

NPS= Nasopharyngeal swab Urine

OPS= Oropharyngeal swab _ o .
DTS= Deep Throat Sputum Ag detection 574% (Diao etsaL 2(1)120) '
BALF= Bronchoalveolar Lavage Fluid - No. + 102-10%ml vs. + 105-10%/ml in NPS

(D.L. Jones et al. Scie Total Environment 2020)
- virus is contagious
Khiabani et al. Are saliva and deep throat sputum as reliable as common respiratoryspecimens (Sun j. et al. Emerg. Microbes Infect. 2020)
for SARS-CoV-2 detection? A systematic review andmeta-analysis American Journal of Infection
Control, DOI: 10.1016/j.ajic.2021.03.008
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Direct detection - antigen

Pozadované zaskrt

SEROLOGICKA DETEKCE

Detekce ve vzorku séra, piipadné likvoru *

EBV *

Paul-Bunellova reakce

CMV

HHV-6*

HSV +

VZV -

Zardénky

Parvovirus B19

Klistova encefalitida -

Influenza A a B (KFR)

RS virus (KFR)

Adenovirus (KFR)

PRIMA DI
ekce ve vzorku z dychacich cest:

Influenza A/B

)
Adenovirus/RS virus /

Numiber of samples

e ve vzorku stolice:

Rotavirus/Adenovirus

Norovirus

Example of the result

Imunochromatography

R line
A line
HS line

Samplk: application

Negative H1 Hi

o

Result'in £ 15 minutes.

Sensitivity approx..30-40% comparing
to PCR.

Price of the test approx. 4-6 Euro

How often do we detect viruses at

=1 ICU?
H
[ —
R
$ g < 5 s <8 &
0 a7 57 3T 2% 7
L> 3> 8> 9> &>
= Y= P Y Y
+ 6 + 6 + 6 + 6 + 6
o0 o0 o0 o0 o0
22 22 22 22 22
55 55 55 55 55 - M cterial BAL
30
. i sith
# Polybacterial BAL without dominant bacterium
= BAL with viruses orfand fungi only
20 7 Detected Pneumonia Control group
(n=185) (n=25)
HsV 51 (27,5%) 7(28%)
cmv 31 (16,8%) 3 (12%)
PIV-1 3 (1,6%) 1 (4%)

10 1 - I
o || III_ _II_I_I_IIILIIIIﬁ
AP CG

Positive Community Ventilator P
samples P

(n=32)

(n=106)

(n=25) (n=25)
Bousbia et al. PloS 2012
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BMC Pulmonary Medicine 2009, 9:22 http://www.biomedcentral.com/1471-2466/9/22

A multiple agents 3 (4.8%) B

, H. influenzae 3 (4.8%)

K. pneumoniae 2 (3.2%)

Legionella/Chlamydia 2 (3.2%) (4
o
o *%
Mycobacteria 2 (3.2%) e 4
]
@
_ SV-1_2(3.2%) 2 3 | -
S
S. aureus 1(1.6%) e
~g§ S. pneumoniae 1 (1.6%) 2 2 J
N Strep. spp. 1(1.6%) £
\ Enterococci 1 (1.6%) E 1
A\ N Ps. aeruginosa 1 (1.6%) =
7 Bacteroides 1 (1.6%) S 4
)" Pn.jirovecii 1(1.6%) 2
/ Aspergillus 1(1.6%) g no HSV-1 HSV-1
Candida 1 (1.6%) 3 n=50 n=6

RSV 1(1.6"/1
-pneumonitis 1 (1.6%)
Figure 3

A: Detected primary responsible (leading) infectious agents in 63 patients with ambulatory-acquired pneumo-
nia/pneumonitis and autoimmune disease. RSV = respiratoy syncytial virus. B: Inmunosuppression scores were signifi-
cantly more severe in the 6 patients with HSV-| detection in BAL than in those subjects without clinical or laboratory evidence
for HSV-1 (as assessed for 56/63 patients with reliable information on immunosuppressive regimens available; * p < 0.01,
Mann-Whitney two-sided test).

How often do we detect viruses at ICU?

Hematooncological patients
« RSV

* in 0.3% - 2.2% of paediatric pts with AML and 1%-12% adult HSCT pts
* UTRI to LRTI progression in 20-68% pts.
* RSV related mortality 17-70%

« PIV
+ PIV causes URTI during year from laryngotracheitis, bronchiolitis to pneumonii in 15% of children from
autumn to spring
« In patients after HSCT in 2% - 7% symptomatically, when asymptomatic patients are included up to 18%
* Long lasting expression can lead to nosocomial epidemy.
* PIV-3is after HSCT most frequently (up to 90% of cases) later PIV-1 a -2
» URTI decrease of ventilation up to 40%, infection progress to LRTI in 13-37% with fatal end 10-30%.
« hmPV

* Related to RSV causing 5%-20% of URTI and tracheobronchitis in children and adults during winter
* At HSCT patients described in 5%-9% during first 2 years after HSCT.

* Coronaviry
* In pts. after HSCT detected in 6.7% - 15.4%, asymptomatic shedding in 41%..
« In symptomatic pts. often coinfections

« HRhV
+ HRhVs most frequent viral cause of CARI with cumulative incidence up to 22.3% at D+100.

« Asymptomatic in 13% of HSCT patient(, detection with other CARI viruses in 19%

* LRTIin allogeneic HSCT rare (<10%), might be associated with bad outcome in less then 10%



Viral shedding

Virus Lenth of shedding in

Lenth of shedding in the

general population (possible | immunocompromissed host
children/adults)

<14 days/ <5.5 days
Influenza virus B 6-7 days

PIV-1 and 2: 3-6 days
PIV-3: 8 days (3-10 days)

Influenza virus A

Parainfluenza virus

RSV * 4 days (1-12)/
hMPV + 5 days
HRV/HEV + 14 days (HRV-C 7 days)

Adult longer then children

Coronaviry 3-18 days,

(HKU-1, 229E, OC43, NL63, SARS-CoV-2) Couple of weeks to 2

months

29.5 days to 5 months (!)
7.5 days (2.5-80.5)
6-42 days

Median 2-4 weeks

80 days (35-334 days)
7-24 days

Mostly <4 weeks

5 weeks (1-49 weeks)

4 weeks (1-22 weeks),
in SARS-CoV-2 even 3 months

Talaat et al. JID 2013:208-1669-1678; Takeyama et al. Jmed Virol 2016, 88(6):938-946; Milano et al. Blood 2010, 115(10):2088-94; Lehners et al. PLOS One 2016, Feb. 2016; de
Lima et al. Transpl Infect Dis 2014, 16(1):165-9; Gooskens et al. JID 2009, 199, 1435-1441; Pinsky et al. Emer ging Infect Diseases 2010, 16(7):1165-1167; Chen et al. J Clin Virol 2015,
64:74-82; Dennis et al. CID 2016, 62(4): 431-437; van der Hoek et al. FEMS Microbiol rev 30 (2006):760-773; Tasian et al. Pediatr Blood Cancer 2008, 50(5) 983-987; Choi et al. Blood

2011, 117(19(:5050-5056); Fields. Virology 5th ed. 2007

Influenza Antigenic Changes

« Antigenic Drift - seasonal
— Minor change, same subtype
— Caused by point mutations in gene

— May result in epidemic

Example of antigenic drift

— In 2003-2004, A/Fujian/411/2002-like

(H3N2) virus was dominant

— A/California/7/2004 (H3N2)
began to circulate and
became the dominant
virus in 2005

Virus
Viral envelope ——__

el rmcleic aci ad
V&INAI) d’,@ @\{:‘z

Translation Endosome

Viral*s
Protelns
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Influenza Antigenic Changes

« Antigenic Shift
— Major change, new subtype
— Caused by exchange of gene segments
— May result in pandemic

- Example of antigenic shift ESE o, ves, wanz
— H2N2 virus
1

circulated in 1957-1967 J"'IH - [Eaine ]
) . - H7N7, HaNB
— H3N2 virus appeared in Hmm’
1968 and completely N1247 e N [Femet
replaced H2N2 virus Hw? . AR o
/ Host range \ 1
.““fJ,M Native Host
o ‘gl\jlgkw:t(cer fowl
'Human | H1-15; N1-9 -' S
HN1, H2NZN Wi
H3N2 /N1,H1N2,
Hee U=
| Whale ETETPRTIECTY

Legoland Two tickets for £20 Worth up to £116 ==

e ~y
A M S et
DyEU> = L
Printed In Scotland
WEDKESOAY MARCH B X00 | THEIMEILOOLEK | NO Y34 £110 1o sudscribers

Health minister with |G

° s teaches babies
virus had been in N0 10 s oo
®Nadine Dorries In isolation after diagnosis ®Sixth patient dies as British cases rise to 373 jw—, sssonsiatn gl
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Coronaviruses

» Coronaviridae
* ss (+) RNA, 26-32 kb genone length (argestRnA)
first identified in the mid-1960s

» alpha—HCoV 229E and NL63

» beta - HCoV 0OC43, HKU1, SARS-CoV (severe acute respiratory
syndrome), and MERS-CoV (Middle East Respiratory Syndrome)

« Cellular receptor — ACE2 ¢ )

MERS - transmission
through camels, their
milk and cheese

« mortality rate — approx. 9.5%
* Incubation period — 2-4 days

Middle East respiratory syndrome coronavirus: human cases

B by region of acquisition
* Treatment Symptomatlc 350
[e-KsA s JFa 3] | JoIE|
300 { |@-Jordan
MERS: Mortaity & Comorbidity S-Oatar: | -~
PT———— [t e PR T
ance R
g 200 | | @ Tunisia [
s - UAE
g
E % ’UI’“IH‘
ad © Kuwait ™
£ o Yemen| e,
z

PO ——

—————

06
o m  aw @ w0 m e e
DS ID DTS DG DD DD DD S DD DB N
I P S i G O A TS
*NowFatal Cases.  *Fatal Cases (%) 3 W NPT NO PO
o R
htp: imder files. press.com/2014/04/mers_c /_mortality_4-271.png Week of illness onset/reported oz

Coronaviruses are here for long time

| | | | | | | | | |
| | I | I | | | I |
R g ] b = 2 E 8 2 =2 S i boseazos
3 4 g ] a a a - = |
Influenza virus 1933 H 0
Coxsackive virus 1948 AR 8] 00
Echovirus 1951 HCoV-NIB3 2004 |
Adenovirus 1953
HRV 1953 HBoV 2005
@ HRSV 1956 HRV-C 2006
'eoé(: HPIV 1958 ‘WUPyV 2007
= . HCoV-229E 1966 I KIPyV 2007
HCoV-0C43 1967 MCV 2008
Novel coronavirus Prevention HPyV6 2010
Coronaviruses are viruses that circulat prv7 2010

mon als but some of them are ~
also known to affect humans. avold contact €7 HPyV8-TSV 2010
The 2019 novel coronavirus wisikpene HPyV9 2011

was identified in China at

oy

p g
the end of 2019 and is a new N @ I_WL‘
strain that has not , with s03p and water (GRS HCoV MERS 2012

previously been
en in human SARS-HCoV 2019

Symptoms ¥

[ FEVER]
. Transmission
P MUSCLE PAIN o 1 7.
- 2= 1 J{i‘ days
F-'- TIREDNESS estimated incubation period

listopad '21

11



listopad '21

Coronaviruses

5 o Rok A,
Celed apodéeled  Rod Podrod Druh or=and Klinické priznaky
Lehti respiraéni onemocnéni
i . Lidsky coronavirus | o typu ,common cold" s vjrazngm
UVInacoronavirts | 559 (Hcov-229) edémem sliznic.
1D 2-5 dni
Alphac
Lehéi respiraéni onemocnéni
. Lidsky coronavirus typu ,common cold” s vjrazngm
Setracoronavirus | g3 (HCOV-NLE3) 2004 edémem sliznic.
1D 24 dny
Lehti respiraéni onemocnéni
Lidsky coronavirus. 2005 typu .common cold" s vjraznym
HKU-1 (HCoV-HKU-1) edémem sliznic.
Embecovirus 1D 2-4 dny
{skupina A} Lehti respiraéni onemocnéni
Lidsky coronavirus. 1067 typu ,common cold” s vjraznjm
0c43 (HCov-0C43) edémem sliznic.
Coronaviridae - D 25 dni
Orthocoronavirinae
Severe acute Respiraéni onemocneni s tezsim, zivot
respiratory ohroZujicim priibéhem. Popsané mortalita
syndrome-related 2003 u tézsich pripadii je piiblizng 9,6 %.
Betacoronavirus Virus (SARS-Cov) 1D 2-11 dni
Sarbecovirus Respiracni onemocnéni v celém rozsahu
(skupina B) od asymptomatickych a mirnjch pfipadi
P Severe acute (zatim popsana pfiblizné polovina
respiratory pripadi) az po Zivot ohrozujici pfipady.
syndrome-related 201 Dosud popsana mortalita u t&zich
virus 2 (SARS-CoV-2) piipadi je pfiblizné 6,7 %; celkové pak
priblizné 0,5-1%.
1D 2-14 dni
Middle-East Respiraéni onemocneni s t&z3im, zivot
Merbecovirus respiratory o1 | Ohrozuicim pribéhem. Popsana mortalita
(skupina C) syndrom virus u tézSich pfipad je pfiblizné 35,5 %
(MERS virus) 1D 2-13 dri

Vtabulce vynechan Realm (Riboviria), Rise (Orthornavirae), Kmen (Pisuviricota), Trida (Pisoniviricetes), Rad (Nidovirales) a Padrad (Cornidovirineae)

Replication of Coronavirus

1 With their S-protein, coronaviruses bind on cell
surface molecules such as the metalloprotease
samino-peptidase M. Viruses, which accessorily
have the HE-protein, can also bind on N-acetyl
neuraminic acid that serves as a co-receptor.

2Sofar, itis not clear whether the virus get into the
host cell by fusion of viral and cell membrane or
by receptor mediated endocytosis in that the virus
is in-corporated via an endosome, which is subse-
quently acidified by proton pumps. Inthat case, the
wirus have to escape destruction and transport to
the lysosome.

3 Since coronaviruses have a single positive
stranded RNA genome, they can directly produce
their proteins and new genomes in the cytoplasm.
At first, the virus synthesize its RNA polymerase
that only recognizes and produces viral RNAs. This

http:/Awww.nature.comi/polopoly
_fs/7.6657.1349187529!/image

/1.11513_coronavirus_HPA.jpg 2] enzyme synthesize the minus strand using the
_gen/derivatives/landscape_63 positive strand as template,
0/1.11513_coronavirus_HPA jp A

4 Subsequently, this negative strand serves astem-
plate to transcribe smaller subgenomic positive
RNAs which are used to synthezise all other pro-
teins, Furthermore, this negative strand serves for
replication of new positive stranded RNA genomes.

5§ The protein N binds genomic RNA and the pro-
FRITTIITIITNINIT] tein Mis into the of the en-
ERRT: PYRLERTERY, (HEFIAYS reticulum (ER) like the envelope pro-
teins S and HE. After binding, assembled nucleo-
capsids with helical twisted RNA budd into the ER
lumen and are encased with its membrane.

g Ribosome
\/\/s/\/\/ "
positive strand
@
virus
polymerase
AR

<"\ - negative strand
> g

6 These viral progeny are finally transported by
golgi vesicles to the cell membrane and are exocy-
tosed into the extracellular space.

(-]
—c

P R e AVAVAVS
S .
A H
\NANNNNS

shown. G
subgenomic RN (blue).

G
covonavirus. Ady. Virus Res (48] 1-100.
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SARS-CoV-2

A @& VYV O -------- Spike (S)

SARS-CoV (SARS)
» Cell receptor — ACE2
* 8098 infected worldwide
* Mortality — approx. 9.5%
Incubation period — 2-4 days

Increased temperature — fever (>38.0°C);
headache, pain of muscles, joints and orevall
discomfort. In part of the patients mild, in about
10-20% diarrhoe, after 2 to 7 days possible dry
cought and in most pneumonia.

Virostatics (ribavirine + lopinavir/ritonavir)
Symptomatic treatment

A

Angiotensinogen ———p [ AT1
Renin

Cell membrane

= == Envelope (E)

——————— Nucleocapsid (N)

Hemagglutinin - esterase (HE)

ttps mdpi.com/viruses/viruses-12
00372/article_deploy/html/images/v

29903 bp

SARS-CoV-2 (COVID-19)
« Cell receptor — ACE2
« So far 40 210 950 infected worldwide
* Mortality — approx. 6.7%

Incubation period — 2-14 days

Increased temperature — fever (>38.0°C);
headache, pain of muscles, joints and
orevall discomfort. In part of the patients
mild. After 7 days often worsening and
development of interstitial pneumonia.

* Virostatics (remdesivir, favipiravir,...)

Symptomatic treatment
Vakcines...

Proinflammatory ~ Anti-inflammatory

Proapoptosis
Profibrosis

Antiapoptosis
Antifibrosis

listopad '21
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SARS-CoV-2

Virus Environmental Stability

(relevance to personal safety unclear)

Half-life

(time to decrease 2-fold; not strictly constant)

Aerosols: =1 hr  Surfaces: =1-10 hr
e.g. plastic, glass,
paper and metals
Based on quantifying infectious virions.
Numbers will vary between conditions and surface types.
Viral RNA observed on surfaces even after a few weeks.

Host Cells Concentration

(tentative list; number of cells per person)

Type | & Il pneumocytes (~10'" cells)
Alveolar macrophage (~10"0 cells)
Mucous cell in nasal cavity (~10% cells)
Host cell volume: ~10% ym?® = 103 fL

(maximal observed values following diagnosis)

" Nasopharynx: 105-10° RNAs/swab
Throat: 104108 RNAs/swab

" Stool: 10“10° RNAs/g

. Sputum: 106-10'" RNAs/mL

virions not to scale RNA counts can markedly overestimate infectious virions

RNA is ussually 1000x more then infectious particles.

Bar-On eLifescience 2020
http://bit.ly/2WOeN64

Stage1; Viral entr
Tha virus's spike protein binds to:a
receptor on the host cell called ACE2. Nucleocapsid
Then, the host molecule TMPRSS2

. .
cleaves the spike protein, exposing Spike protein
parts that fuse the viral membane RNA.
with that of the host. M protein
TMPRSS2
AcE2

Stage 2: Inside the cell 1
Viral RNA is transiated into p
non-structural Dlo(halm (N?::I) m;; ﬁ R xhn;vnﬁsz cuts . .

o translation % Y n
ot g hiat et g \ plapes Binding to ACE-2

those belonging to the virus.

»
Endoplasmic . . .
\.{..m_m s f@ Cleaving of the Spite protein by
M/@ T TMPRSS2
Viral RNA and host cell together

& Internalisation and subsequent
3003 Remodellingthecelt translation to NS proteins

‘The virus transforms the cell’s ER —
an internal membrane network —
into bubble-like structures called
double-membrane vesicles (DMVs).

ot e o b s Remodelation of cellular pathways
and translated.
& °
S x Production of new viral particles
e
pot

‘Stage 5: The last slice. . . .

A s nzymo named frin Furin cleaves 5 AA of Spike protein

A e e G
of five amino acids on the v
spike protein. This prepares

the virus to strike another

cell. Variants have a higher

e

B oot

Infect cells more efficlently.

Once the newly made molecules
assemble into a complate virus
particle, this leavos the cell through
an organelle called the Golgi

apparatus, of perhaps through Scudellari Nature 2021,
lysosomes, which are cellular
rubbish bins. 595

listopad '21
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Patofysiology

“Characteristic" Infection Progression in a Single Patient

Basic reproductive number R: typically 2-4
Varies further across space and time

(number of new cases directly generated from a single case)

infection with
virus

(99% < 14 days unless asymptomatic)
<C Incubation period: =5 days »

exposed

Diagnosis after =5 days

infectiousness =4 days

-« Latent period =3 days >§ < Interval of half-maximum » 3

Case Fatality Rate
=1%-15% (uncorrected)

Infection Fatality Rate
=0.3%-1.3%

Recovery

mild cases: =2 weeks
severe cases: =6 weeks

Inter-individual variability is substantial and not well characterized. The estimates are parameter fits
for population median in China and do not describe this variability.

Neurologic
Headaches
Dizziness
Encephalopathy
Guillain-Barré
Ageusia
Myalgia
Anosmia
Stroke

Renal
Acute kidney injury
Proteinuria
Hematuria

Hepatic
Elevated
aminotransferases
Elevated bilirubin

Gastrointestinal
Diarrhea
Nausea/vomiting
Abdominal pain
Anorexia

Bar-On eLifescience 2020
http://bit.ly/2WOeN64

Thromboembolism
Deep vein thrombosis
Pulmonary embolism

Catheter-related thrombosis

Cardiac
Takotsubo cardiomyopathy
Myocardial injury/myocarditis
Cardiac arrhythmias
Cardiogenic shock
Myocardial ischemia
Acute cor pulmonale

Petechaie
Livedo reticularis
Erythematous rash
Urticaria

Endocrine
Hyperglycemia
Diabetic ketoacidosis

Dermatological

Vesicles

Gupta et I. Nature
Pernio-like lesions | \iedicine 2020

listopad '21
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A

Angiotensinogen ———p
Renin

Cell membrane

Proinflammatg
Proapoptosi:
Profibrosis

Anti-inflammatory
Antiapoptosis
Antifibrosis

Angiotensinogen ——p [ AT1
Renin

Cell mmbraﬂ/

Acute respiratory distress syndrome )
doul ed in COVID-19 https://www.physiciansweekly.com/
and pulmonary oedema in & wp-content/uploads/2020/04/AT1-
receptor.png

2. Competitive inhibition of
ACE2 by exogenous Ang-2

Q ‘ , * ’Emggnous Ang:2

Exogenous Ang-2

] ¥
3. Ang-2 mediated AT, receptor

internalization and
downregulation of ACE2 -
Cell membrane
1. ACE2 mediated Vasoconstriction

viral entry

]
t q ——— Aldosterone '-—\
/ Adrenal Gland Na*and H,0

O reabsorption

4. lysosomal —— Vasopressin —
Degradation Hypothalamus

Fig. 1 Effect of angiotensin Il on the RAAS and SARS-CoV-2 binding. Angiotensin | is hydrolyzed by ACE1 to form angiotensin Il, which binds to
AT, receptors. This causes release of aldosterone from the adrenal gland, vasopressin secretion from the hypothalamus, and vasoconstriction.
Vasopressin and aldosterone both lead to increased sodium and free water reabsorption in the kidney, leading to increased mean arterial
pressure (MAP). Angiotensin Il is then metabolized into Ang-(1-7) by ACE2. SARS-CoV-2 binds to ACE2 to gain entry into the host cell. Exogenous
angiotensin Il can also bind to ACE2, which can lead to competitive inhibition of the ACE2 receptor. In addition, binding of angiotensin Il to AT,
receptors leads to internalization, downregulation, and degradation of ACE2. These actions may potentially prevent SARS-CoV2 from entering the
cell. Figure created with Motifolio Toolkit. Ang-2, angiotensin II; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; ACE1, angiotensin-
converting-enzyme 1; ACE2, angiotensin-converting-enzyme 2; H,0, water; Na*, sodium

Busse et al. Critical Care 2020
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and factor B activate B
alternative pathway

Thrombin -+ C5

Factor XII -+ Cls
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Hypercoagulable State
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Membrane attack and microthombosis
complex (MAC)
endothellal sweling
CSerinduced
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.

Tissue Injury and Damage

Neutrophil
Activation and
NETosis

IL-6 and IL-8 recruit
neutrophils, and IL1
activates neutrophils

«®

¥ %

VW, PAL1 release

platelet activation

leading to immune hyperinflammatory reactions and resulting in
human pathology. Complement activation generates the proinflam-
matory polypeptides, C3a and C5a, and recruits neutrophils as well as
monocytes. Activated neutrophils generate web-like extracellular traps
(NETs), in a process known as NETosis, that contain components such as
(3, properdin (P), and factor B (B) that activate the alternative comple-
ment pathway and engage an inflammatory feedback loop. Although
NETs assist in host defense against pathogens, a sustained response,
such as that seen in COVID-19, may incite ongoing inflammation and

a hypercoagulable state. Additionally, the membrane attack complex
(MAC) also induces endothelial inflammation and tissue injury, leading
to the generation of IL-6 and IL-1, which continue to propagate NETosis.
Endothelial injury leads to the generation of VWF multimers. Excess
ultralong VWF stabilizes factor VIII activity and prevents the binding of
factor |. Endothelial damage also results in the release of plasminogen
activator inhibitor-1 (PAI-1), which exacerbates thrombosis, along with
C5a-induced release of tissue factor and other prothrombotic proteins.
These changes then can augment a complement-coagulation pathway
crosstalk, due to serine proteases, such as thrombin and kallikrein,
activating the complement system in a convertase-independent manner.
Such interactions among endothelial injury, hypercoagulability, and
complement activation cause tissue damage, such as acute respiratory
distress syndrome (ARDS), acute kidney injury (AKI), and stroke, and are
often associated with a thrombotic microangiopathy.

insight.jci.ore  https://doi.org/10.1172/jci.insight.140711
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FIGURE 7. Simplified model of the serine protease
system. Depiction of the complex interplay between
the lation/fibrinolysi des and the compl
ment system. The serine proteases of the complement,
coagulation, and fibrinolysis systems are all high-
lighted in yellow. The black dotted arrow bars show
previously known interactions of these systems. The
red arrows identify the new paths of complement ac-
tivation by the coagulation/fibrinolysis factors result-
ing in the generation of C3a and C5a. aPC, activated Prothrombin
protein C; MAC, membrane attack complex; MBL, *
mannan-binding lectin; PK, prekallikrein.

Thrombin

Fibrinogen MAC

aPC Plasmin

Fibrinolysis/Thrombosis Pro-inflammation/Anti-inflammation

J Immunol 2010; 185:5628-5636; Prepublished online 24
September 2010:

dor: 104049/ jimmumol 0903678

hitp://www jimmunol org/content/ 185/9/5628
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Intrinsic pathway Extrinsic pathway

Damaged surface Tissue factor + <[]

Endothelial

Platelet Mast cell cell

Int. J. Mol. Sci. 2020, 21, 1596

Patofysiology - summary

« Destruction of the tissue by viral
proliferation

« Change in the renin-angiotensin
aldosteron system

« Complement activation

» Thrombocytes activation

* Immune response actiovation — M¢,

IymfocyteS (cytokines, cytokine storm)
» Endothelial damage
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Hypercoagulation status (LMwH preventiony
Superinfection and reactiovation of latent infections

Patofysmlogy

A Mechanism of Systemic Inflamr ion due to SARS-CoV-2 Infection
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Diagnosis of COVID-19
oy & L
RT-qPCR &5 g’ﬁﬁaﬁ
High-throughput gi
sequencing

&‘ SARS-CoV-2

AN Positive-stranded RNA
==C ACE2

0 Antigen
ELISA Af” Autivody (16, 17D
\ { ==C MHCI(HLA)
POCT of IgM/IgG / -~
eﬁ D L -

CT scans f Cytokine storm
IL-1p, IL-6, IL-8, CCL2, CXCL10,
CCL2, Cgl.}. CCLS etc.

o .:.' °

SARS-CoV-2entry  Aptigen presentation  Cellular immunity Humoral immunity
and replication

https://ars.els-cdn.com/content/image/1-s2.0-S2095177920302045-fx1_lIrg.jpg

COVID-19 pneumonia (A) and subsequent HSV pneumonia (B)
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different types of detection.

O Negative test
O Positive test

Viral Load

i i Infectious

Cultivation

PCR detection

Low analytic sensitivity

High analytic sensitivity (PCR)

5
A
Preinfectious
Positive by PCR

.
-

Postinfectious Time

Positive by PCR

Mina et al. September 30, 2020 DOI: 10.1056/NEJMp2025631

Lenths of SARS-CoV-2 shedding in the
hematooncological patients

The NEW ENGLAND JOURNAL of MEDICINE

A study Design
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viral RNA detected up to 78 days (IQR
24-64)
First day 71% of samples cultivateable

follow up positive in 5 patients (8, 17, 24, 26
and 61 days after beggining to the symptoms)

»Patients with profound
immunosuppression

after undergoing hematopoietic stem-cell
transplantation or receiving cellular
therapies may shed viable SARS-CoV-2
for at least 2 months.“

N ENGL ) MED 383,26 NEJM.ORG DECEMBER 24, 2020
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Antibodies appear in blood after: ~10-20 days Bar-On eLifescience 2020
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Scudellari Nature 2021; 595
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COVID-19 Death Risk Ratio (RR) for
Select Age Groups and Comorbid Conditions
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Underlying Medical Conditions Associate:g with Higher Risk for Severe COVID-19: Information for Healthcare Providers (cdc.gov’

Underlying Medical Conditions Associated with Higher Risk for Severe COVID-19: Information for Healthcare Providers (cdc.gov

Risk groups

COVID-19 Death Risk Ratio (RR) Increases as
the Number of Comorbid Conditions Increases
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Underlying Medical Conditions Associated with Higher Risk for Severe COVID-19: Information for Healthcare Providers (cdc.gov;

Underlying Medical Conditions Associated with Higher Risk for Severe COVID-19: Information for Healthcare Providers (cdc.gov

listopad '21

24
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Epidemiological data

Covid-13 Response Fun

fg'@i\g World Health

Mﬂ~ ) Organlzation Search by Country, Territory, or Area i < —_—.
e

WHO Coronavirus Disease (COVID-19) Dashboard Overview Data Table Explore

Dsts last updistect 2020/1015, 2-42pm GEST —_

\

39,596,858
Gt cues

_—

1,107,374
e

[

Source: World Heslth Organiz

Globally, as of 2:43pm CEST, 18 October 2020, there have been 39 596 858 confirmed cases of COVID-19, including 1 107 37c
deaths, reported to WHO.

Epidemiological data

¢ ‘
World Health .

(@) bt .

WHO Coronavirus (COVID-19) Dashboard Overview Measures Data Table Explore

-
. +

Net Apphcatin

422,625
230,437,517

4,879,235

Globally, as of 4:32pm CEST, 15 October 2021, there have been 239 437 517 confirmed cases of COVID-19, including 4 879 235 deaths,
reported to WHO. As of 14 October 2021, a total of 6 495 672 032 vaccine doses have been administered.
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Epidemiological data

@) i < Overview Measures Data Table Explore
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Globally, as of 4:32pm CEST, 15 October 2021, there have been 239 437 517 confirmed cases of COVID-19, including 4 879 235 deaths,
reported to WHO. As of 14 October 2021, a total of 6 495 872 032 vaccine doses have been administered.
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Epidemiological data
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Globally, s of 4:32pm CEST, 15 October 2021, there have been 239 437 517 confirmed cases of COVID-19, including 4 879 235 deaths,
reported to WHO. As of 14 October 2021, a total of 6 495 872 032 vaccine doses have been administered.
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Simplified SARS-CoV-2 phylogenetic tree

Genome
changes

Clade 19A
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Clade 20A

Clade 208
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Clade 201 Clade 20J)

“U.K. variant”

PANGO:B.1.1.7
Nextstrain: 201/501YV1
Spike signature mutations
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£69/70 P681H L18F
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D614G R190S
K417T
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E484K
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Spike signature
S: D614
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D614G
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“CAL.20C variant”
PANGO:B.1.427 / B.1.42%
Nextstrain: 20C/S:452R
Spike signature mutations
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W152C D614G

Clade 20H %

“S.A. variant”
PANGO: B.1.351
Nextstrain: 20H/501YNV2
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https://www.invivogen.com/sites/default/files/pictures/sars2-tree-invivogen.png
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Genome

C h an g e S Spike mutations of concern in SARS-CoV-2 variants
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Clinical Impacts

A Transmissibility

1 Pathogenicity
™ ACE2 1 Risk of immune escape
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Potential therapeutic targets

Blocking VOC entry
Soluble human recombinant ACE2, Anti-RBD nanobodies,
TMPRSS2 & Adam17 Inhibitors, & etc.

Interrupting VOC replication
Remdesivir & metabolites, CRISPR/Cas13d system & etc.

https://www.invivogen.com/sites/default/files/pictures/sars2-tree-invivogen.png

listopad '21

30



listopad '21

Possible treatment options
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Coronavirus Disease 2019 (COVID-19)

Treatment Guidelines

Figure 2. Therapeutic Management of Hospitalized Adults With COVID-19
Based on Disease Severity

DISEASE SEVERITY PANEL'S RECOMMENDATIONS
The Panel against the use of (Alla) or
other corticosteroids (Alll).
Hospitalized but Does Not ™ . fevid t d sither f L th
Requil | t ere s insufficient eviderce to recommend sither for or against the
e % Oxyge routine use of remdesivir. For patients at high risk of disease
\desivir may be

Use one of the following options
« Romdesivir® (0.9., for patients who roquire minimal supplomontal
oxygen) (Bila)
. plus. ivir® (e.g., for patients who require
Supplemental Oxygen increasing amounts of supplemental oxygen) (BIlf)
« Dexamethasone (when combination with ramdesivir cannot be
used or is not avallable) (B)

Use one of the following options:
« Dexamethasone (Al)
« Dexamethasone plus remdesivir* (BIll)

For recently hospitalized® patients with rapidly increasing oxygen
needs znd systemic inflammation:
« Add eithor baricitinib (Blla) or IV tocilizumab (Blla) to cne of th
two options above?
+ If neither baricitinib nor IV tecilizumeb is available or feasible to
use, tofacitinib can be used instead of bericitinib (Bila) or IV
sarllumab can be used Instead of IV tocilzumab (Blla)

* Dexamethasone (A1) 3\
Hospitalized and Requires IMV For patients who are within 24 hours of admission to the ICU.
or ECMO + Dexamethasone plus IV tocilizumab (Bll¢)

+ If IV tocilizumab is not available or not fezsible to use, IV
sarilumab can ba used (Blla)

Rating of Recommendations: A = Strong; B = Noderate; C = Optional
Rating of Evidence: | = One or more randomized trials without najor limitations; lla = Other randomized trials or sSubgroup
anzlyses of randomized trials; IIb = Nonrandomized trials or observational cohort studies; Ill = Expert opinion

* Corticosteroids prescribed for an underlying condition should b continuad

* If patients progress t requiring high-flow oxygen, noninvasive wenilation, mechanical ventilation, or ECMO, complete
remdesivir course.
For example, within 3 days of hospital acmission

* Drugs are listed aiphabetically and not in order of preference. As there are no studies directly comparing baricitinib and tocilizumab
for treatment of COVID-19, there is insufficient evidence to recommend one drug over the other. Traatment decisions should be
determined by local guidance, drug availabiity, and patent comorbidities.

Key: ECMO = extracorporeal membrane oxygenation; ICU = intersive care unit; IMV = invasive mechanical ventilation;

IV = intravenous; the Panel = tre COVID-19 Treatment Guidelines Panel; PO = orally
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Figure 1. Therapeuti of Nont italized Adults With COVID-19
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dyspnea. worsening dyspnea [particularly dyspnea that occurs while the patient is resting or that interferes with dally
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when considering the use of any of thasa agents after hospital discharge.

There s insuficient evidence to recommend either for or aganst the use of
remdesivir, When considering the use of remdesivi, review the text beiow for
further discussion.

the use of baricitinib in this setting, except in
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Guration of not exceed 10
‘days) with careful monitoring for adverse events (BIN).
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[ Rating of Recommendations: A = strong: B = Moderate: C = Optional

lmitations;
ials; 5 = Noorandomized trias or sbsevational cobort studies; il = Expert cpinion

536 ANtH-SARS- and
. ale or the use of
satting may Cause harm.
. follow-up
. mpaen beds, . y
eved of home.
", telohaatr, or
Emargancy | - Doparsment cf Haaith 10

Treatment Guidelnes Panal; PO = oraly

Antiviral Drugs That Are Approved or Under Evaluation for
the Treatment of COVID-19

Last Updated: July 8, 2021

Summary Recommendations

Remdesivir is the only Food and Drug Administration. d drug for the of COVID-19. In this section, the
COVID-19 Treatment Guidelines Panel (the Panel) prmndes recommendations for using antiviral drugs to treat COVID-19
based on the available data. As in the management of any disease, treatment decisions ultimately reside with the
patient and their health care provider. For more infarmation on these antiviral agents, see Table 2e.

Remdesivir

* See Therapeutic Management of Hospitalized Adults with COVID-19 for recommendations on using remdesivir with
or without dexamethasone.

Ivermectin

* There is insufficient evidence for the Panel to recommend either for or against the use of ivermectin for the treatment
of COVID-19. Results from ad tely powered, well-designed, and well-conducted clinical trials are needed to
pravide more specific, evidence-based guidance on the role of ivermectin in the treatment of COVID-19.

Nitazoxanide

« The Panel recommends against the use of nitazoxanide for the treatment of COVID-19, except in a clinical trial (Blla).

ydroxy q or Chl ine and/or Azithromy

« The Panel recommends against the use of ine and/or azith yein for the treatment
of COVID-19 in hospitalized patients (Al) and in nonhusullallzed pat\ents (Alla).

Lopinavir/Ritonavir and Other HIV Protease Inhibitors

* The Panel recommends against the use of lopinavir/ri ir and other HIV p inhibitors for the treatment of

COVID-19 in hospitalized patients (Al) and in nonhospitalized patients (All).

Rating of Recommendations: A = Strong; B = Moderate; C = Optional

Rating of Evidence: | = One or more randomized trials without major limitations; Ila = Other randomized trials or
subgroup analyses of randomized trials; I1b = Nonrandomized trials or observational cohort studies; |1l = Expert opinion

listopad '21

33



medRxiv preprint doi: https://doi.org/10.1101/2020.04.08.20058578.this version posted May 18, 2020. The oop{right holder for this t|.:weprin‘t
(which was not certified by peer review) is the authorffunder, who has granted medRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

The Possible Role of Vitamin D in
Suppressing Cytokine Storm and Associated
Mortality in COVID-19 Patients

Ali Daneshkhah', Vasundhara Agrawal', Adam Eshein', Hariharan
Subramanian’, Hemant K. Roy ?, and Vadim Backman'

Hospitalized ICU/Deceased

80 30 .
~ 70 3 Adaptive Immune Response
g g %5 bt
7 60 2
i} 3 20 |
& 50 o I
© 3
B 40 @ 15 |
B g 3 Possibility of _ 1
= & 10 Cytokine storm I
320 b
2 5 5 1

10 o |

0 2 o 1118

Ao b D oD D @ @A H A Vo> D Q@ DA DA
LA A MR AKIANRN S
Age Groups Age Groups
mHospitalizados BICU DDeceased
(a) (b)

Figure 7 Age distribution of the a) hospitalized, b) admitted to ICU or deceased in Spain based on data
from 145,429 cases[26].
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Figure 6 Regression analysis based on (a) 25(0OH)D, (b) Diabetes prevelance among men and women
(age standardized), elderly ratio (=70 yo) in the country, CHD death rate per 100, 000 (age standardized)
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| Subunit vaccine candidates

Envelope small
membrane protein (E)

Hemagglutinin Estrase (HE)
(> spike Glycoprotein (S)

Nucleoprotein (N)

DNAsequence of
$,Mand N genes as vaccine target

mRNA-1273 and BNT162

encoding S protein /

Inactivated vaccines candidates |

Viral vector based

= vaccine candidates
Inactivated or
whole killed virus (WKV) c irus proteins/glycop 5
P d by att ted adenovirus/poxvirus/
tle di virus

| Attenuated vaccines candidates I

Gene deletion of various
essential genes (S,N,E genes),
Nonstructural proteins (nsp) encoding genes

?frontiers Pangolins Lack IFIH1/MDAS, a ORIGINAL RESEARCH

in Immunology Cytoplasmic RNA Sensor That o 10,8380 fimmu 2020.00030
Initiates Innate Immune Defense

Upon Coronavirus Infection

Heinz Fischer', Erwin Tschachler? and Leopold Eckhart®

FIGURE 3 | Evolution of RNA sensor genes and possible implications on
antiviral responses in pangolins. (A) Phylogenetic tree of mammals and
comparison of presence (+) or absence (-) of RNA sensor genes. Evolutionary
gene loss (indicated by ightning bolt symbols) was inferred from the species
distribution of the genes. Species: Malayan pangolin (Manis javanica), Chinese
pangolin (Manis pentadactyla), tree pangolin (Manis tricuspis), cat (Felis catus),
dog (Canis lupus familiars), bear (Ursus arctos homibis), cattle (Bos taurus),
mouse (Mus musculus), human (Homo sapiens). (B) Schematic overview of
innate immune sensors of viral RNA and signaling in mammals. Only RNA
sensors investigated in this study are shown. The schematic includes the
hypothesis about IFIH1 and ZBP1-dependent differences in the antiviral activity
and defense-induced damage to the host. The directions of the colored

arrows indicate the effects of the presence or absence of RNA sensors. 5'PPP, B X Y
triphosphorylated at the 5'-end; ds, double-stranded; ss, single-stranded. Intracellular Extracellular/Endosomal
A 3 .
§ %‘ g g g g Z-DNA long S'PPP
@ & 82 2 &2 ZRNA  dsRNA  dsRNA dsRNA sSRNA
Malayan pangolin - = + + + + l ¢ l ¢ / \
Chinese pangolin  — — + + + + 28P1 IFIH1 | | DDX58
oa) | |vpas)) | ric) TLR3 TIR7 || TLRS
Tree pangolin - - + + +
RIPK3 MAVS TRIF1 MyD88
Cat + + + + o+ 4+ [ ] [ ] [ ] [ Y ]
Dog + o+ o+ o+ o+ o+ l \ l .2§ i l
Bear oW b B OE 4 Cell death Inflammation Interferon-dependent defense
Cattle + o+ o+ o+ o+ 4 l //
Mouse b T I S o I S Antiviral activity + +
Defense-induced damage
Human + + + £+ + + 8 t M

Human Pangolin
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Processing of Capped Intron-containing
pre-mRNA

Spliceosome

TCA cycle and respiratory electron transport
Signalling by ROBO receptors

Carbon metabolism

Regulation of mRNA stability by AU-rich element
binding

HIF-1 signalling pathway

Interleukin-12 family signalling
Pathogenic E. coli infection
TCAcycle

2-Oxocarboxylic acid metabolism

M\ Number of L2

These analyses revealed that SARS-CoV-2 reshapes central cellular pathways,
such as translation, splicing, carbon metabolism and nucleic acid metabolism.
Small molecule inhibitors targeting these pathways prevented viral replication
in cells. Our results reveal the cellular infection profile of SARS-CoV-2 and led to
the identification of drugs inhibiting viral replication. We anticipate our results
to guide efforts to understand the molecular mechanisms underlying host cell
modulation upon SARS-CoV-2 infection. Furthermore, our findings provide
insight for the development of the therapy options for COVID-19.

REVIEW ARTICLE

258 « CID 2013:56 (15 January) ¢ Hirsch et al

Fourth European Conference on Infections in
Leukaemia (ECIL-4): Guidelines for Diagnosis
and Treatment of Human Respiratory Syncytial
Virus, Parainfluenza Virus, Metapneumovirus,
Rhinovirus, and Coronavirus

Hans H. Hirsch,"? Rodrigo Martino.? Katherine N. Ward, Michael Boeckh® Hermann Einsele.” and Per Ljungman™®

http://www.ebmt.org/Contents/Resources/Library/ECIL/Pages/ECIL.aspx
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Hantaviruses
Bunyidae

ss(-) RNA - 3 segments (small ~ 1.7-2 kb, medium + 3.7 kb, = 0
large * 6.5 kb) ==
enveloped 120-160 nm in diameter
Incubation period — 2-4 weeks

The described in 1951, where a hantavirus caused hemorrhagic fever with
renal syndrome (HFRS) in North and South Korea.

Transmitted from rodens, even pet rodens.

The viruses that caused HFRS in Asia were later grouped as Old World
Hantaviruses.

In 1993 (southwestern USA) was described hantavirus pulmonary syndrome
(HPS) - Sin Nombre.

Hantavirus strains that occur globally — affecting kidneys and lungs mainly.
Airborne transmission

Underdiagnosed diseases.
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Hantaviruses

* HFRS - viruses - Dobrava, Hantaan, Puumala a Seoul. Mortality is highest in
Hantaan virus — 5-15 %; Puumala and Seoul virus about 1%.

* HPS (Sin Nombre) rare 534 case (1993-2009) — mortality rate 36%.

List of Hantaviruses: Aandes virus, Amur virus, Asama virus, Azagny virus

Bayou virus, Black Creek Canal virus, Bloodland Lake virus, Blue River virus

3. Inhalation of feces

Cano Delgadito virus, Calabazo virus, Carrizal virus
by human

Catacamas virus, Choclo virus 2. Infected feces
Dobrava-Belgrade virus become airborne

El Moro Canyon virus

Gou virus, Hantaan River virus

Huitzilac virus, Imjin virus

1.¥irus contained

Isla Vista virus, Khabarovsk virus, 3
in rodent feces

Laguna Negra virus, Limestone Canyon virus y o 4. Symptoms :
Magboi virus, Maripa virus, Monongahela virus, Montano virus L ‘"( m ;“USC]? aches,
O R ever,
Mouyassue virus, Muleshoe virus, Muju virus, New York virus ﬁ){;}% heada::he,
Nova virus, Oran virus, Oxbow virus, Playa de Oro virus 5. Acute e cough
S ) ) respiratory

Prospect Hill virus, Puumala virus, Rockport virus distress
Rio Mamore virus, Rio Segundo virus, Sangassou virus
Saaremaa virus, Seoul virus, Serang virus, Sin Nombre virus
Soochong virus, Tanganya virus, Thailand virus, Thottapalayam virus
Topografov virus, Tula virus, Xuan Son virus

UUU.ORI

T — ikt i LU OrGlies pir at P ctures/hantaviruses.jpg
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Spinal
column

Neurotropic viruses

* Neurotropismus (encefalitis)
» Coronaviridae -

« Flaviviridae — e.g. West Nile virus (WNV), Japanese
encephalitis virus (JEV), Murray Valley encephalitis virus
(MVEV), St. Louis encephalitis virus (SLEV), tick-borne
encephalitis virus (TBEV)

* Lentiviridae - HIV

* Herpesviridae — HSV-1, 2, CMV, HHV-6, HHV-7, EBV (?)
» Paramyxoviridae — Morbilivirus, Hedra a Nipah virus

« Picornaviridae - enteroviry

* Rhabdoviridae — Lyssa

» Polyomaviridae — JCV (PML)
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Symptoms associated with CNS disease

Observed -- Rare ++ Often

Clinical symptoms | Encefalopathy Encefalitis

Fever -- ++

Head ache - ++

Decrease of the mental Stabil worsening Status fluctuation

status

Focal neurological -- ++

symptoms

Seisures Generalized Generalized and focal

Lab.-Blood Leukocytosis -- Leukocytosis ++

Lab.-CSF Pleocytosis -- Pleocytosis ++

Lab.-EEG Diffuse decrease of Diffuse decrease of
waves waves and focal abnor.

Lab.-MRI Often normal Focal abnormalities

Kennedy J Neurol Neurosurg Psychiatry 2004;75 (Suppl I).

Differential diagnosis of encephalitis

ADEM - acute disseminated encefalomyelitis
CNS vasculitis (including VZV)

Baclerial
Mycobaderium fuberaulosis

Non-virus associated infectious eneefatitis

Encephalopathy

» Anoxic/ischaemic

» Metabolic

» Nutritional deficiency

» Toxic

» Systemic infections

» Critical illness

» Malignant hypertension

» Mitochondrial cytopathy (Reye’s and MELAS syndromes)
» Hashimoto's encephalopathy

» Paraneoplastic

» Neuroleptic malignant syndrome
» Traumafic brain injury

» Epileptic (non-convulsive status)

Kennedy J Neurol Neurosurg Psychiatry 2004;75 (Suppl 1).

Legionella

Tropheryma whippeli [Whipple's disease)
Nocardia actinomyces

Treponema pallidum

Salmonella Jﬂn’
All causes of pyogenic meningitis

Ricketsial

Rickeftsia rickettsia [Racky Mountain spotied fever)
Rickeftsia typhi [endemic typhus)

Rickeftsia prowazeki {epidemic fyphus)

Coviello bumetti (Q fever)

Ehelichiosts | Ehrlichia chaffeensis—human monocytic ehrlichiosis)
Fungal

Cryplocoocus

Aspergillosis

Condidiasis

Coccidiomycosis

Histoplosmosis

North American blasiomycosis

Parasific

Human African irypanosomiasis (sleeping sickness)
Cerebral malaria

Toxophsma gondii

Echinococcus granulosus

Schistosomiasis
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Most frequently detected viruses
according the risk factors

Risk factor

Possihle aetiological agent

Unvaccinated status
Animal contact

Bird contact

[nsect contact

Ingested meat/unpasteurised milk

Sexual contact
Swimming
Camping/hunting

Polio, measles, mumps, rubella viruses
Rabies virus, cat scratch disease, Hendra

virus, Q fever

WNV, Japanese encephalitis, Cryptococcus

neoformans

Malaria, WNV, tick-borne encephalitis virus,
typhus, Lyme disease, trypanosomiasis
Toxoplasmosis, listeria, Q fever

HIV, syphilis

Enteroviruses, Naegleria fowleri

Virus vztekliny

v stanford edugrouphinusithabdor2004schofichang
rabies.git

Malaria, tick-borne encephalitis virus,

typhus

Thompson et al. Arch Dis Child 2012;97:150-161.

Most frequently detected viruses
according to the clinical symptoms

Clinical presentation

Possible aetiological agent

Cranial nerve abnormalities

Cerebellar ataxia
Dementia

Poliomyelitis-like flaccid
paralysis

Parkinsonism

Retinitis

Rash

Respiratory tract findings
Parotitis

Lymphadenopathy

Hepatitis

HSV, EBV, listeria, tuberculous meningitis,
syphilis, Lyme disease, Cryptococcus neoformans
VZV, EBV, mumps virus, trypanosomiasis

HIV, measles virus, syphilis, human transmissible
spongiform encephalopathies

JEV, poliovirus, enteroviruses, WNV, tick-borne
encephalitis virus

JEV, WNV, Nipah virus

CMV, WNV, cat scratch disease, syphilis

VZV, HHV-6, rubella virus, typhus, syphilis, Lyme
disease, WNV, HIV, enteroviruses, Mycoplasma
pneumoniae

Flu virus, adenovirus, M pneumoniae,
Mycobacterium tuberculosis, Q fever

Mumps virus

HIV, EBV, CMV, measles virus, rubella virus,
WNV, syphilis, cat scratch disease, tuberculous
meningitis, toxoplasmosis, trypanosomiasis

Q fever

Thompson et al. Arch Dis Child 2012;97:150-161.

T

Parotitis virus
it sciencepolcomiimage/8T300GEOMTICO022030-
s e, TeN 3P
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icornaviridae - Enteroviruses

+) RNA, genome 7.2-8.5 kb

+ Most frequent cause of encephalitis‘rmeningoencephalitis (90%)
» Different serotypes (dividing to) — Polioviruses

« Coxackieviruses (e.g. Myocarditis, Hand Foot
Mouth disease...)

» Echoviruses

» Other... (e.g. Enterovirus 71, human
rhinoviruses, HAV)

+  Symptoms — very different — conjunctivitis, hepangine, start of T1DM,
exanthema, neonatal sepsis,
pleurodynia...

» Encephalitis/myeloencephalitis

» Prodromal symptoms - fever, chills, headache, photophobia and
nuchal rigidity; rash and upper respiratory symptoms

+ feverand meningeal signs subside within 2-7 days
+ Most frequent - Coxsackievirus B, echoviruses
» EV-71 particularly aggressive CNS infection

Hand Food & M Disease

Hand, foot, and mouth disease, or HFMD, is a contagious illness that is
caused by different viruses. Infants and children younger than 5 years old
are more likely to get this disease. However, older children and adults can
also get it. In the United States it is more
common for people to get HFMD from

Symptoms
spring to fall. R

Gl Statt

/_6.jpg http://images.slideplayer.com/19/5871386/slides/slide_27.jpg

<
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Hand Food & Mouth Disease
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Picornaviridae — Enteroviruses - Polio
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Through early morning fog | see, visions of the things to be,
the pains that are withheld for me, | realize and | can see...

listopad '21

44



listopad '21

Picornaviridae - Enteroviruses

« Salk vaccine - first tested in 1952 — injected inactivated (dead) poliovirus

» Sabine vaccine - oral attenuated poliovirus — trials began in 1957,
licensed in 1962

MUSCLES COMMONLY WEAKENED BY POLIO

shoulder muscles

muscles behind
arm (weakness
straightening

muscles that L ——arm)

Jonas Salk

straighten

or bend hip, back muscles

:;r‘e::‘or (either side Y 1 ¥ . |

close legs of backvone] , > " Creator of the
- = _ original polio

muscles A - muscles / vaccine.

that o y £ o

straighten 2 v -

knee

contractures
causing
tight cords

muscles ——
that lift
foot

Picornaviridae - Enteroviruses

» Vaccines eradicated polio from most countries in the world, and
reduced the worldwide incidence from an estimated 350,000 cases in
1988 to just 223 cases in 2012.

* In November 2013, the WHO announced a polio outbreak in Syria.

NG THOS
i ORI SE
L L0NScD FIGHT

- Q&«\'v‘ < Po(

‘ ,,1 7% &

\UNITED STATES POS
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Flaviviridae

* avr. 40-60 nm Blood-borne
* ss (+)RNA approx. 11 kb~ fhepaciviruses
* virions 3 structural
proteins — env. gp, .
core and membrane «, ‘%,
protein e,
* replication in cytoplasma, )
lipid envelope is got
during budding from cev-c
cytoplasmatic
vesicules

Tick-borne
flaviviruses

Pestiviruses

» disease has often ,two"
waves of clinical

Mosquito-borne
symptoms flaviviruses

https: utmb. d _adj_LG jpg

Tick Borne Encephalitis — TBE

geographical distribution

* not west from Austria
» discovered in Austria in 1931

* in Czech Republic (CS) was first isolated independently in two places (dr. Gallia,
Rampas, Kg&éj in 1949 — 1st TBE isolation in Europe.
O

Ay
=55

[ ] EurTBEV

] eursib-TeEV

] sib-TBEV

ikimedia 1/EurAsia_TBE-belt.svg/636px-EurAsia_TBE-belt.svg.png
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= TBE

s 5 Vector

/
N ® . J—— s

Ixodes persulcatus >

* in 1937 rusian
scientest L. A. Zilber
proved transmission
with tick
(in russian spring-
summer encefalitis)

TAIWAN

UNITED =
ARAB EMIRATES  INDIA BURMA LACS  HONG KONG
htggellwww.tbe-europe.com/?iContentID=66

I Western subtypes ¥ Both types Eastern subtypes

Tick Borne Encephalitis — TBE

symptoms and diagnosis

Diagnosis:
IgM-antivirals of serum
(EIA)

Total antivirals of serum (HI)

b
[
>
2
| ] | 1
"1 ‘2 3 " weeks
Infection Stage I: No symptoms Stage Il
mild neurological symptoms, high fever
"flu-like" (headache — encephalitis, meningitis

— paralyses)

http://upload.wikimedia 7/TBE_symptoms.svg/751px-TBE_symptoms.svg.png

* Vaccination - inactivated virus
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Tick Borne Encephalitis — TBE

symptoms

» 2/3 of infections asymptomatic
* Incubation period - 8 days (range 4—28 days)
» |: nonspecific febrile iliness, headache, myalgia and fatigue. -
Up to 2/3 of patients may recover without any further iliness.
» 1I: CNS - aseptic meningitis, encephalitis, or myelitis.
Disease severity increases with age.

» The European subtype - milder disease, a case-fatality ratio of <2%,
and neurologic sequelae in up to 30% of patients.

* The Far Eastern subtype — often more severe disease course,
a case-fatality ratio of 20%—-40% and higher rates of severe
neurologic sequelae.

» The Siberian subtype - more frequently chronic or progressive
disease and has a case-fatality ratio of 2%—3%.

% . . Vaccination -
r{u"upl"g“ inactivated virus

http:/www.ha. g rsing/Web-tours-05_f 007.gif

http:/www.tickalert.orglimg/tickTypes.jpg

Flaviviridae

Zika virus

» Described in apes (Makak rhesus) in Uganda during monitoring of the yellow fever in
1947.

* In humans described for the first time in Uganda and Tanzania in 1952 v Ugandé.
Subsequently recognised in Africa, Asia, and Pacific (2007-2013) and America (2015
— Brazilia and Columbia).

How Zika virus spread from Africa

1977-78: Pakistan,
Malaysia, Indonesia 2007:

Yap, Micronesia \
1947 Discovered
in Uganda .
9 2013: ————®= 2014, Brazi

French Polynesia

Source: Lancaster University E’B
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Flaviviridae

Zika virus

+ Transmitted by mosquitos genus

Aedes (especially A. aegypti) by blood.

» Transmission is described also by
blood directly, perinatal transmission,
amnionic fluid, CSF and sperm.

(However, there are doubts about real
presence of the virus in the sperm, or
blood contamination).

Flaviviridae

* Incubation period 3-12 days

listopad '21

Mosquito

L/
Aaides (subgers *

stegomyia)

Sylvatic
Transmission
Cycle

| Mosquito N\
Aedes (subgenus *
stegomyia) E 'l
Aedes (subgenus }
diceromyia)

Mosquito

A aegypti
A albopictus
A hensilli

A polynesiensis

vy Al wigis
1S|ib;|:rban;drban

L Transmission 'l

Mosquito

L/
A aegypti 2
A albopictus N

A hensilli
A polynesiensis

Zika virus

« Zika fever is presented with fever, conjunctivatis, rash, pain of muscles, joints, and

head, malaise lasting for about 2-7 days.

Barbados and Ecuador,
Zika
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Flaviviridae

Microcephaly was described
in infection during
pregnancy during outbreak
in Brasil in 2015.

Risk of microcephaly in
retrospective study from
French polymesia
95 (34-191)/ 10 000
women +- 0,95%

In Brasil 29%.
(NEJM, Lancet 2016)

Described as causal
pathogen in myelitis and
Guillain—Barré syndrome.

(NEJM 2016)

Zika virus
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Rhabdoviridae

ss (-) RNA; genome 11 kb
 enveloped

* 75 nm wide and 180 nm long
cellular receptor: acetylcholine
receptor

Lyssavirus

» Transmission: mainly from infected

animals by saliva
+ Clathrin mediated endocytosis

» Cytoplasmatic proliferation — Negri

Matrix protein (M) Polymerase (L}

Glycoprotein (G)
>

Phosphoprotein (P)

aiss Institute of 8

. Nucleoprotein (N}

Ribonucleocapsid
(RNP)

http://education.expasy.org/images/
Rhabdoviridae_virion.jpg

http://www.who-rabies-
bulletin.org/about_rabies/I
mages/Virion.jpg

bodies
-‘ . ' d @ . '.. - '.‘,‘-‘ http:/Awww.cdc.gov/rabies/images/bullet. gif
: ‘ 0 * .’ .~.‘ 5 M protein NP & protein
' o
: ui- y ; % {“‘ |
o7 nia O 2 WENEY
Purkinje cell - Negri body
7 5 {8 m S “@'}ﬂ‘.. AN Envelepe | protain

http://vet.uga.edu/ivevm/courses/VPAT5316/02_neuropath/09_viral/images/f21491.jpg

Rhabdoviridae

ANIMAL
BITE: The
farther a

weeks
(1 week to 15 months)

* Retrograde transport from bram '

the |
virus

from periphery to
CNS

* Prodromal phase (1-2
days), Ssymptoms (3-4
days) after 5 days
encephalitis and
paralysis

» Encephalitis and/or
myelitis
(in fully developed
100%)

5

P Protein

Lyssavirus - Rabies
* Incubation: av. 3-12

Commeon carriers of rabies

Infected animals: Show no fear
for humans; act very agitated

Dog: Another common rabies source

http://peterandmorrisonrabies.weebly.com/uploads/5/3/5/7/53574157/807037792.png

Bat Cat Skunk
P

Symptoms in humans
@ Fever, + Treatment:
depression Hmmﬂm
itatio immune in
.—Ag‘ § injections, anfi-
| @ Painiul rabies vaccine
j spasms
“'Wﬂdh? > Foami
EK{HSSWE ' atmu
drinldnn'
._Eea“mm NN & Produces] by
vacine spasms in throat
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Rhabdoviridae

Lyssavirus - Rabies

Risk of the lyssavirus exposition in the world (WHO 2013)

* Prevention — animal
vaccination

» Pre-exposition vaccination

(persons working with virus, mmm LOW risk
animals or close to them) — i mm Mediate risk
101 -
laboratory technicians, forest W ioh risk
workers, rangers, hunters...
» Post-exposition Zdroj: www.vakciny.net

vaccination
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Diarrhea disease

Around the world, there is approx. 1.7 billions of diarrheal
disease in kids every year.

About 525 000 children bellow 5 yrs. of age decease every
year. (zdroj: WHO)

Most frequent viral pathogens

« Astroviruses « JAIlI* are agens of watery

. Caliciviruses orovius,  0127Thea together with
Sapovirus) vomitting

 Rotavirus * Incubation period 1-4 (9)
days

* Lasting 2-8 days

» Highly infectious

* Adenovirus

* And others
— Enteroviruses
— Influenza...
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Noroviry Sapoviry Rotaviry Adenoviry Astroviry
(sérotyp 40, 41
a52)
celed Caliciviridae Caliciviridae Reoviridae Adengviridae Astroviridae
genom ajeho délka | +ss RNA - 77 kb +55 RNA 71-77 kb segmentovany  ds dsDNA - 34 kb +55 RNA - 68 kb
RMA - 18 kb
velikost virové par- 35nm 30-38 nm 70 nm 70-100 nm 28-30 nm
tikule
% vyskytu 18 % ze viech pri- celosvetov 22-127% | 28 % prijmovych ~12% cléti <5 let pfiblizné 1% prljmo-
jmovych onemec- prijmovych one- onemocnani déti wvych enemocnéni
néni mocnéni
infekciozita ~ 20 v. partikuli ~ 1000 genomovych | <100 v. partikull <150 PFU <100 v. partikull
kopii
inkubaéni doba 1.2 (10-51h) -4 200-3) 58 45
(dny)
rizikovy vk déti < 5 let viku déti< 5 let véku, ze- déti < 2 let véku déti< 5 let véku déti < 3 let véku

jréna novarozenci
aimunosuprimovani

pacienti
typicke priznaky gastroenteritis gastroenteritida se gastroenteritida se gastroenteritica, miméjsi gastroen-
s tastym zvracenim, | zvracenim, vodnaty | zvracenim, vodnaty | nauzea, horecka teritida, subfebrilie
vodnaty prijem prijem prijem bolesti hlavy
prijem ~87% 88% 93% 100 % (u AdV infekei | 73%
s gastroenteritidou)
zZvracen| 25-100 % 49% 50 % (80 % nauzea) | 56% 46 %
horecka 2-47 % 23% 35% 60 % 46 %
bolest bricha 4-76 % ? 90 % 5% 36%
délka obtizi 1-3dny 5-7dni 3-7 dni 1-2 tydny 5 dni
dalsi mozne kom- neurclogicke (en- = neurclogicke (2-5 %) hepatitida, neurclogické, vietné
plikace cefalopatie, kiece), (benigni kiece az fa- pankreatitida encefalitidy
nekrotizujici entero- talni encefalitida)
kelitida, exacerbace
Crohnowy nemoci
sezonalita flien-bfezen listopad-bfezen prosinec-kvéten neni znama fien-anor
dopady 18 % viech prijmo- | - 215 000 dmrti ve ~ 2% prijmovych =
wyich enemocnén’, svété /frok; Sumrti/ | onemocnani u dati
212 000 amrti ve 100 000 déti < Slet
svéte/rok
moznost prevence - = Zivé p. 0. vakcina - =

MAJOR ARTICLE

Astrovirus VA1I/HMO-C: An Increasingly
Recognized Neurotropic Pathogen in
Immunocompromised Patients

Julianne R. Brown,'? Sofia Morfopoulou,® Jonathan Hubb,* Warren A. Emmett,® Winnie Ip.® Divya Shah,? Tony Brooks,®
Simon M. L. Paine,”® Glenn Anderson,’” Alex Virasami,2 C. Y. William Tong," Duncan A. Clark,’ Vincent Plagnol }
Thomas S. Jacques,”® Waseem Qasim,” Mike Hubank,® and Judith Breuer'®

"Wirology Department, Great Ormond Street Hospital for Children NHS Foundation Trust, 2NIHR Biomedical Research Centre, Great Ormond Street Hospital
for Children NHS Foundation Trust and University College Londan, *UCL Genetics Institute, University College London, *Virology Department, Barts Health
NHS Trust, "Molecular and Cellular Immunology, *Molecular Haematology and Cancer Biolagy Unit, Institute of Child Health, University College London,
"Department of Histopathology, Great Ormond Street Hospital for Children NHS Foundation Trust, ®Department of Infection and Immunity, and “Birth
Defects Research Centre, Institute of Child Health, University College London, United Kingdom

Neurotropic Pathogen HAstV VA1I/HMO-C o CID 2015:60 (15 March) « 881

rdc.ohio-
state.eduflsaiflablpictures/astro%20virus9204x4.jpg
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Exanthema pathogens
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BioSafety Level 4 FI I OVI rld ae (&1}%

BIOHAZARD

*SS (') RNA . . Mononegavirales: gene order
* Helical nucleoprotein 13-20 nm wide

* Ebolavirus and Marburg virus

. . . s 3! 5t
« highly infectious 1-10 virions
H H Non-structural Membrane
* High mortality protein(s) proteings)
i MARV: |Marburgvirie Nucleo- Matrix polymerase
s protein protein
o 3 GP VP24 VP40 NP VP30
. = o o VP35
@ivoreisf CIEBOV 2
| Ebolavirus | Q
SEBOV & L
Er 2 REBOV Marburg virus
“ NP VP35 VP40  GP VP30 ‘VPE" L
o [ L [1s
4 A4 4 b 4
yPi0 Nred s Leader R IR IR IR Overlap IR Traller

virus reproduction

Ebola virus (Zaire subtyps) L
Nucleoprotein VP30 VP24
VP35 VP40 GP/SGP | |5,
g b !
4 LA L R o Traler
Leader IR Qverlap IR Eﬁ: OQveriap °

A SN N S Y Y NS N R RO N NN N N SO T |
0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Source: Braoks &F, Carroll KG, Butel 15, Morse SA, Mietzner TA: Jawetz, Melnick,

Glycoprotein & Adalbarg’s Madics! Micrabialagy, 25th Editiam: httpi// wuw. accessmadicine.com

Copyright @ The McGraw-Hill Companies, Inc. 2ll rights reserved.
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sGP_

Macropinocytosis

b Filovirus
attachment

Extracellular virions

Early endosome

Release of viral
Fusion at ribonucleocapsid
endosomal into the cytoplasm
membrane — o
3‘V\N\N\N""\ .

Viral transcription

Nucleus

Nature Reviews | Microbiology

http://www.nature.com/nrmicro/journal/v13/n11/images/nrmicro3524-f1.jpg
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= Lymph node: infection

Lympls nedes

MCP.1, MIPs
chemokines

Soluble
factoe

release
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BIOHAZARD

Ebola virus disease Mortality rate 25-90%

Ebola, which first appeared in outbreaks in Sudan and DR Congo in 1976, is a severe and often fatal disease with no
known specific treatment or vaccine. It has since killed more than 1,500 people in parts of Africa.

SOURCE TRANSMISSION DAMAGE

In Africa, particular species of fruit bats are Infected bats are thought to transmit the Incubation period is from two to 21 days.

considered possible natural hosts for Ebola virus. disease to humans, or indirectly through other  Death from the disease is often caused by
animals which are hunted for their meat. multiple organ failure and tissue death.

4 ==

Targets in Symptoms
the body
W Fever
Fruit bat Hepatocytes,  m Sore throat
functional — KeaEch
cells of the evere headache
! . liver W Muscle pain
Possible routes
Gorillo A : W Intense
B Close contact with the T Enl‘lmth:!lahl weakness
R blood, secretions, organs cells, whic s
or other bodily fluids of form the = V(?m"'"g
\ infected or dead animals linings of the W Diarrhea
» S
- u gonﬁumption of infected . blood vessels I;Egal:irggé;ver
/] ushmeat ~— Phagocytes, function
m Touching objects that blood cellsthat . g |nternal and
have come in contact with absorb foreign external
the virus. particles bleeding
Note: List of animals is not exhaustive.
Sources: Centers for Disease Control and Prevention; World Health Organisation
G.Cabrera, 28/03/2014 http://blog.thomsonreuters. ‘ebola-virus-di graphic-of-the-day/ £ reuTers
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2 Filoviridae

BIOHAZARD
SYMPTOMS Headache © Fever
@ Early stages Fati
@ Advanced stages Bleeding from eyes, @ Fatigue
nose and mouth o
Therapy:
Muscle pain
Sore throat P study only
Impaired =Stop contact with infected
liver and animals and the _
kidney consumption of their meat ZMapp — 3 Ab
= |solate the sick at the moment
) «Prompt disosal of not availablen
Vomiting @ = Disinfect homes of dead
and infected
Rash =Protective clothing for
healthcare workers

Internal and
external bleeding

Source: WHO

BioSafety Level 4

= Filoviridae

BIOHAZARD

I Ebola outbreaks

2014 outbreak*
¢ t people infected
0

of whom: died
200

400 600
Sierra !
Leone

Guinea

Liberia

15213200
infections in i ] 1,000
each outbreak \
1,000 7 - 800
@ 250 - % - 600
50 ZIMBABWE &
NAMIBIA S
BOTSWANA WS eeccncicey/ s s oA g 4 400
@ 1976-2013
@ 2014 (current) i?g&ll‘ T S R — = SR 200
[ Fruit bat habitat [

] i T 0
86 88 90 92 94 96 98200002 04 06 08 10 12 14*

*To July 23rd
20140802_MAMS900.png

1976 78 80 82 8:
Sources: WHO; IUCN
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Filoviridae

2014 EBoV in West Africa (13th April 2016)
-Ebola outbreak: Total Cases: 28,652
Laboratory-Confirmed Cases: 15,261 Total deaths: 11,235

THE EBOLA EPIDEMIC e

e v ki
Symptoms can be horvifc, and it has a case futality rate of up , making off

orsTRmON,
48 e st e 4 e et 20 e 9% s e, e e 1 s
T e T S S L o o o e s

Tt e et s S R s
A ———
g e e 4 e o e e T B ST P —
R e . SN (ks o e

Pl et

MR o, (e
100% 71%

75% 100%) 53% 82% 57%

- = - = - = - = = = = =T =
1976 1976 1977 | 1979 | 1994 | 1994 1995 1996 1996 | 1996 2000 2002 2082 2003 | 2003 2004 2005 2007 2007 | 2008 2011 2012 2012

nttp:/AWww.Infographicspedia, com/wp-Content/uploads/2014/10/ | ruth-About-Ebola-Outbreak-Infographic.jpg
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BIOHAZARD

» Double gloves
» Boot covers that are waterproof and go to at least mid-calf or leg covers

« Single use fluid resistant or imperable gown that extends to at least mid-calf or coverall
without intergraded hood.

» Respirators, including either N95 respirators or powered air purifying respirator (PAPR)
 Single-use, full-face shield that is disposable
 Surgical hoods to ensure complete coverage of the head and neck

« Apron that is waterproof and covers the torso to the level of the mid-calf should be used if
Ebola patients have vomiting or diarrhea
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Why we observe emerging viruses?

1. Climate changes

Injuries, fatalities,
mental health impacts

Severe
_ Weather
Heat-related illness

and death,
cardiovascular failure

Extreme
Heat

Environ-
mental
Degradation

Forced migration,
civil conflict,
mental health impacts

Water and Food
Supply Impacts

Malnutrition,
diarrheal disease

Asthma,
cardiovascular disease

Air
Pollution Malaria, dengue,

encephalitis, hantavirus,
RiftValley fever,
Changes Lyme disease,
in Vector 3
Ecology (hlkun.gun'ya,
WestNile virus

Increasing
Allergens Respiratory
allergies, asthma

Water
Quality Impacts

Cholera,
cryptosporidiosis,
campylobacter, leptospirosis,
harmful algal blooms
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Why we observe emerging.viruses? —

1. Climate changes

Década del 70

Evolucidn histérica de 1a situacidn del denguo y
1a flebre hemorrigica del dengue /1980 - 2008

Fuente: Organizacién Panamericana de fa Salud Tonate virus, TONV

listopad '21

Eastern equine encephalitis virus, EEEV
Middelburg virus, MIDV

Ndumu virus, NDUV

Bebaru virus, BEBV3

Chikungunya virus, CHIKV?

Mayaro virus (-Una virus), MAYV-UNAV ®
O‘nyong'nyong virus, ONNV3

Ross River Virus, RRV3

Semliki forest virus, SFV®

Venezuelan Equine Encephalitis virus, VEEV*
Cabassou virus, CABV*
Everglades virus, EVEV*
Mosso das Pedras virus, MDPV4
Mucambo virus, MUCV4
Rio Negro virus (RNV)*
Western Equine Encephalitis Virus, WEEVS
Aura Virus, AURAV®
Sindbis Virus ,SINVS
Babanki Virus, SINV-B®
Kyzylagach virus, SINV-K®
Ockelbo Virus, SINV-0°
Whataroa virus, WHAV3
Highlands J virus, HJV®
:::a(adaz c;glsso Buggy Creek Virus, BCVS
Fort Morgan Virus, FMV®

Why we observe emerging viruses?

2. Changes in human behaving and

travelling

1

USTRACIA

ts a b!‘ood; long way -

CHINESE INVESTMENT IN AFRICA SINCE 2010

ESTIMATES
EGYPT [ one T soen

. E.g. expansion of Peoples Republic China SOUTH I ssenrososn
R . . SUDAN _— SUDAN

activities in Africa ¢ [ svossen

ﬂ ‘ ‘ ! ‘ $500M TO £18N

. GHANA OEN. REP' LESS THAN $500M
. Fly time OF CONGO ‘ g ETATESTOTAL
Amsterdam — Sydney shortest trip 27 hours ZAMBIA " @

and 20 minutes — less then 2 days...

AFRICA

SOURCE: CHINA BUSINESS REVIEW
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Why we observe emerging

Changes in behaving of the people and

travelling

Refugees crisis Epidemiological diseases
» Vaccination absence, or low frequenc

vaccination ¢ 7 S\, World Health
Polio outbreak in the Middle East -

Ongoing transmission in the Syrian Arab Republic with international

spread
As of 20 March 2014, in the Syrian Arab Republic a
total of 37 WPV1 cases have been reported: 25 cases
by the Syrian Arab Republic Ministry of Health, and
12 cases from contested areas (Aleppo, Edleb and
Deir Al Zour) not yet reflected in official figures. The
most recent case had onset of paralysis on 17
December 2013, from Edleb.

Cirtulating vaccine-derived poliovirus — Lao People’s Democratic Republic (29.1.2016)  [*

Circulating vaccine-derived poliovirus — Myanmar (1.122015)

Circulating vaccine-derived poliovirus — Lao People’s Democratic Republic (:5.12.2015,
26.11.2015,12.10.2015)

Circulating vaccine-derived poliovirus — Ukraine (.s..2015)
Poliovirus in Madagascar (24.7.2015)

Poliovirus in South Sudan and Madagascar (1s.11.2014)
Poliovirus in Cameroon — update (6.9.2014)

Update on polio in Equatorial Guinea (17.7.2014)

Update on polio in central Africa (25.7.2014)

Detection of poliovirus in sewage, Brazil 22.6.2014)

Update on polio in central Africa - polio confirmed in Equatorial Guinea, linked to
outbreak in Cameroon (:7.4.2014)

DRefugee
Migrant?

e A
@gamzatlon Word choicé matters.

Atlontic.
Ocean

Pacific
Ocean

Levels of Endemicity
for Hepatitis E Virus (HEV)

Indian
Ocean

Why we observe emerging viruses?

3. More immunosupression

. from 2008 WHO recognized
100 800 solid organ
transplants in 104 countries
per year (approx. 90% world
population).

. 69 400 kidney
(46% from living
donors)

. 20 200 liver
(14.6% from living
donors)

. 5400 heart
. 3400 lungs
. 2400 pancreas

Approx. 110 000 HSCT per
year.

. More monoclonal antibodies
(anti-CD20, CD52, TNF-a...) ...

(imunosupresivnilécba,

Rovnovaha u imunosuprimovaného pacienta

Imunitnisystém

Patogeny
Regulované lymfocyty - viry ,
mykoézy

e ——

chemoterapie, ...)

Steroids more then > 2 mg/kg — highly
lymphotoxic (used e.g. in NHL, ALL...)
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Why we observe emerging viru

4. Better detection (even in new) — treatment — resistance

Molecular-biological techniques Reasonable time for detection of the

Direct and relative cheap
detection based on NA

es?

agens

WHF *

Do

CHIP technigue was used in new WUV
and KIV polyomavirus detection in 2007,
which were detected in respiratory tract.

Why we observe emerging viruses?

4. Better detection — treatment — resistance

.l | | 1 | | | | | | .
| I | | | I | | I |
= g 2 3 £ 2 f 8 ] =
2 i 2 a a o a = 8 8
Influenza virus 1933 HMPV 2001

Coxsackive virus 1948
Echovirus 1951
Adenovirus 1953
HRWV 1953
HRSV 1956
HPIV 1956

HCoV-229E 1966
HCoV-0C43 1967

Palio[

Enxsackie[

Enteraviruses

Cardiof
Hepato—

r T
100 30 a0 TO &0 S0 40

% Nucleotide ldentity

SARS-CoV 2003
HCoV-NL63 2004
HCoV-HKU1 2005
HBoV 2005
HRV-C 2006
WUPyV 2007
KIPyV 2007
MCV 2008
HPyV6 2010
HPyV7 2010
HPyV8-TSV 2010
HPyV9 2011
HPYV10 2012
HCoV MERS 2012
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Why to act?

4. Better detction — treatment — resistance

Virostatic therapy

Herpesviridae ———— & mswvay ACV, VACV, FCS... brincidofovir (cMx001)
B cMV.HHVv-6a7 GCV, VGCV, FCS, CDV, MBV, AIC246..
P v v, Anti CD-20 famciclovir
& Polyomaviridae —— BKv,Jcv, WV, .
boceprevir
Ortomyxoviridae —— influenza A Oseltamivir, zanamivir, (imantadine amantadine). ... telaprevir
Paramyxovmdae< Paramyxovirus —PIV. Ribavirine P!
Morbillivirus i
< . Pneumovirus— RSV Palivizumab, motavizumab, ribavirine sofosbuvir
g Coronaviridae by ey Ribavirine, interferon : i
2 Plcomavmdae:'Emi;uv\%u:es_' . simeprevir
Caliciviridae  ———= Human caliciviuses ledipasvir
Astroviridae — Norovirus
Rhadboviridae—lsavims and more
< Reoviridae " Rotavirus
2 z o NH,

Nejéastéji pouzivana virostatika pouzivana pfi Ié¢hé

a-herpesvirovych infekci (podle ECIL3). N C\/L‘j
N o
a i
<r~1-:(r\4\’)‘r\n-<2 “D“;.P\/“r
"

famciclovir

HaG,

MC; dofout
o o %CH! ciaofovir
HN o
| a o
Ho 7&}“‘11/ 3 Na» 6 H,O

i
o-P— C’
kﬁ/‘\/D CHy LN
&
. ) H
acyclovir valacyclovir : foscarnet

Léky pouzivané pii HSV
rezistentni k 1éché.

Guanidine trifosfat (GTP) Léky prvni volby.

Petr.Hubacek@Lfmotol.cuni.cz
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