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'tx Viruses and Liver

Hepatit viruses Hepatitis A, B, C, D, E
Immunosuppressed patients Herpes, Adeno, CMV, EBV

Respiratory and systemic Measles, influenza, SARS-CoV, Parvo, entero,

infections rubella

“Exotic” agents (in specific ~ Arenaviridae Lassa

geographic areas) Bunyavirales CCHF, Hanta, Rift Valley
Filoviridae Ebola, Marburg
Filaviviridae Dengue, Yellow Fever
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Betacoronaviruses
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l;f Transmission of the VHFs

_ Vectors and Transmission

Ebola Bats, Direct contact or via bodily fluids (nosocomial, sexual)

Crimean Congo Ticks, Hyalomma spp. via bodily fluids (nosocomial, sexual)

Dengue Aedes aeqgypti, Aedes albopictus

Hanta Virus containing aerols in rodent excreta
Lassa Virus containing aerols in rodent excreta

Rift valley Aedes and Culex

Yellow fever Aedes africanus, Sabethes spp, Aedes aegypti
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(). Bunyavirales

Crimean Congo Hemorrhagic Fever
Severe Thrombocytopenic Fever Syndrome:
First in Chiniain 2011 (N Eng J Med 2011)
2010-2018: 7725 cases, CFR: 10% (Clin Infect Dis 2021)
Rift Valley Fever
Hantavirus infection
Sin Nombre virus

Sandly Fever
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'a WHO 2018 Blueprint list of priority diseases (February 6-7, 2018)
Updated in 2024

Given their potential to cause a public health emergency and the absence of
efficacious medical countermeasures, there is an urgent need for
accelerated research and development for:

*Crimean-Congo haemorrhagic fever (CCHF)

*Ebola and Marburg virus disease

*Lassa fever

*MERS-CoV and Severe Acute Respiratory Syndrome (SARS)
*Nipah and henipaviral diseases

*Rift Valley fever (RVF)

*Zika

*Disease X
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L, M and S segments
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CCHF Virus

Glycoprotein N

Glycoprotein C

RNA-dependent
RNA Polymerase

77 y Ribonucleoprotein
Complex

Colored ranges
D Asia
D Europe
[] Africa

igenal1-3945
5?{‘1)3‘ 87 813049 Lll?s”le‘lhl
SPU 48190]1990|South Africa/l-
Sudan Al Fulah 9 20082008 10{
Sudan Al Fuleh 4 200812008 10|

Phylogenetic tree based on L segment:
11 different types

Blylkdag C, et al. (unpublished)




Crimean-Congo Haemorrhagic Fever Geographic Distribution
50° North limit for Hyalomma ticks
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Co-feeding

Humans

Pre-hemorrhagic
phase .

~ Non-specific

febrile illness

Fever, Headache,

Myalgia, Nausea

Hemorrhagic phase

« Petechiae
« Hematomas/ecchymosis

* Hemorrhage from nose,
gastrointestinal and
urogenital sites

Risk factors for death

T Infammatory cytokines
T Liver enzymes

| Platelets

T Viral loads

— Antibody responses

Feldman, 2018



(Y. The Course of Infection in animals

Mild clinical symptoms

Described by Shepherd et al in 1980s.

No striking notes in recent outbreaks, since 2000
Viremia

Lasts for 7-10 days in mammals
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CCHF cases in the Rostov region for 1963-2008
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Albania, 2006




Changes in Biotic Environment

De-population Re-population
Increase in vectors and reservoirs Sudden Exposure
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o Prospective Prediction Tool for Turkey
> ® (a) ® Predicted = Observed
s - I I 2017
Ef_I' .-_;_
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Known records of Hyalomma
marginatum

The predicted climate suitability for the
tick H. marginatum in the area of
analysis with current (1970-2000)
climate conditions

The predicted climate suitability as
projected for the year 2050

Estrada-Pena 2009




Crimean-Co ngo FJ435418 (South Africa) |
- ~| FJ435419 (Namibia)
Hemorrhagic

AY905638 (South Africa)
Fever Virus in L FJ435417 (South Africa)
- 4|L FJ435416 (South Africa) | , ..
Ticks, Southwestern AY905629 (South Africa) |12

EurOPE, 2010 U15090 (Senegal)
— U15091 (Senegal)
_|U15089 (Senegal)
This finding suggests the g;‘j;m“ (Mauritania) - |
circulation of CCHFV in southwestern ] DQO76415 (Uganda)
: . DQO76416 (South Africa)
Europe. T“J.Je c]qse aﬁm@ of _the Stl-:’-l]_'l_'l L AYO05651 (South Africa)
from Spain with strains circulating FJ435412 (South Africa)
- .- AY905628 (South Africa) |Africa
o ?ves.‘rem .Af[l.ca and the lack of N AY905630 (Namibia)
similarity with isolates from eastern FJ435415 (South Africa)
: - - - GQ862371 (Sudan)
E-.u:r. ope suggest the int Dfluctmn of this GQ862372 (Sudan)
virus from nearby countries of northern AY029157 (China) Far East
- : - — HQ188915 (Turkey) |
Africa. Mlg_ratory movements of b!rds HQ188918 (Turkey)
could explain the presence of the virus FJ601895 (Turkey)
2 o —1 GUS50068 {Turkey) Balkans/
in southwestern Europe l?ecause birds AF428144 (KOSOVO) Turke:
are common hosts of immature H. FJ601860 (Turkey)
atum. which eportedl L FJ601863 (Turkey)
marginatum, which was reportedly HQ188920 (Turkey)
introduced into Europe through gy Tie o Y o0

annual migratory flights along the

western coast of Africa (10). Because Estrada-Pena, Emerg Infect Dis 2010
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Ficedula parva 1y
ringed: 13 sept
recaptured: 24 sept
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Autochthonous Crimean-Congo Hemorrhagic Fever in Spain

A Timeline Involving Patients and Contacts
Orotracheal intubation

Travel to Avila Central venous catheter Contact Tracing and Surveillance
Tick bite placement
Transfer to GMUH HLIU health care workers
Onset of symptoms
Death Family, ILUH, and GMUGH
ILUH admission Necropsy health care workers
v l |
Follow-up visit
I DOl O DOl 9
Index Case Onset of symptoms First blood RT-PCR negative
ILUH ICU Aminotransferase level
admission starts to decline HLIU discharge
CCHF diagnosis
Transfer to HLIU Platelet count starts Hospital discharge
to increase
Y |
I DO1 D DOl 9 DOI 11 DOl 20
L |
Second Case )
1 I 1 I 1T 1T 1 LI LI LI I 1 I 1T T 1 LI LI LI I 1 I LI LI LI LI | 1 H{_l
1314151617 181920212223 24252627 28293031 1 2 3 4 5 6 7 B 9 1011121314151617181920213222324252627 282930 1 2 6
August 2016 September 2016 October 2016

Negredo A, NEJM 2017
KOG UNIVERSITY iSBANK CENTER FOR INFECTIOUS DISEASES



Widespread Detection of Multiple Strains of CCHF Virus in Ticks, Spain

Madrid
(C.u.)
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Sanchez-Seco M, Sierra M, Estrada-Pena A, Valcarcel F,
KOC UNIVERSITY iSBANK CENTER FOR INFECTIOUS DISEASES Molina R, de Arellano E, et al. Emerg Infect Dis. 2022




Widespread Detection of Multiple Strains of CCHF Virus in Ticks, Spain

Ticks were collected from animals and vegetation, samples pooled
(12,584 ticks; 4,556 pools)

135 pools from most of the regions studied, indicating that it is widespread in Spain.

CCHF virus genotypes |, lll, and IV in the tick species collected, most commonly in
Hyalomma lusitanicum, suggesting this tick has a prominent role in the virus’s
natural cycle.

The red deer (Cervus elaphus) was the host that most frequently yielded positive ticks.

Sanchez-Seco M, Sierra M, Estrada-Pefia A, Valcarcel F,
Molina R, de Arellano E, et al. Emerg Infect Dis. 2022
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Epidemic intelligence from Open Sources (EIOS) of CCHF in European Region,
2012 to 2022: a new opportunity for risk mapping of neglected diseases

@ Occurrence locations

Fanelli A, Schnitzler JC, De Nardi M, Donachie A, Capua |, Lanave G,
KOC UNIVERSITY iSBANK CENTER FOR INFECTIOUS DISEASES Buonavoglia D, Caceres-Soto P, Tizzani P. Euro Surveill. 2023




Epidemic intelligence from Open Sources (EIOS) of CCHF in European Region,
2012 to 2022: a new opportunity for risk mapping of neglected diseases
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Fanelli A, Schnitzler JC, De Nardi M, Donachie A, Capua |, Lanave G,
KOC UNIVERSITY iSBANK CENTER FOR INFECTIOUS DISEASES Buonavoglia D, Caceres-Soto P, Tizzani P. Euro Surveill. 2023




Ticks and Tick-borne Diseases 12 (2021) 101541

Contents lists available at ScienceDirect

Ticks and Tick-borne Diseases

journal homepage: www.elsevier.com/locate/ttbdis

First report of human exposure to Hyalomma marginatum in England: Further )

Check for

evidence of a Hyalomma moulting event in north-western Europe? i

L. McGinley™*, K.M. Hansford™", B. Cull®, E.L. Gillingham™", D.P. Carter®, J.F. Chamberlain®,
L.M. Hernandez-Triana®, L.P. Phipps®, J.M. Medlock™"

& Medical Entomology and Zoonoses Ecology, Emergency Response Department, Public Health England, Porton Down, Salisbury, SP4 0JG, UK

P NIHR Health Protection Research Unit in Environmental Change and Health, UK

€ Genomics of Rare and Emerging Human Pathogens, National Infection Service, Public Health England, Porton Down, Salisbury, SP4 0JG, UK

d Virology and Pathogenesis, National Infection Service, Public Health England, Porton Down, Salisbury, SP4 0JG, UK

¢ Wildlife Zoonoses and Vector-Borne Research Group, Department of Virology, Animal and Plant Health Agency, Addlestone, Surrey, KT15 3NB, UK
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Prevalence of CCHFV in ticks in Western Europe

Table 1. Prevalence of Crimean-Congo hemorrhagic fever virus (CCHFV) in ticks.

% of Infection Rate (No. of Positive Samples/No. of Analyzed Ticks) !

Country Dates Source Reference
PI MIR (No. of Pools)
Austria 2018 0(0/1) H. marginatum Migratory bird (presumably) [28]
0(0/1015) (332 pools)
. . 0(0/362) H. marginatum (89 pools) Cattle, goat, sheep, horses, dogs, wild
Carsicai(Frenchiioland) 22015 0(0/518) R. bﬁrsa (108 pogls) & boards,pmouﬂons & [29]
0(0/135) H. scupense (135 pools)
Germany 2015 0(0/1) H. rufipes Horse [30]
Spain 2010 1.7 (2/117) H. lusitanicum (12 pools) Deer [31]
2009-2015 0(0/161) H. marginatum Asymptomatic patients, birds [32]
0(0/2053) (229 pools)
0(0/1333) H. marginatum (151 pools) . puccs
2013-2015 0(0/680) H. lusitanicum (74 pgols) Vegetation, cattle, sheep [33]
0(0/40) R. bursa (4 pools)
0.5 (1/208) (45 pools)
0.5 (1/204) H. lusitanicum (NA) y
201a-2005 0 (0/2) Dermacentor spp. (NA) Deer (34]
0 (0/4) Rhipicephalus spp. (NA)
1.35 (128/>9500) (3959 pools)
2016-2017 II\\]II}X %' ’, ’,‘,;’r'é’z’l’:l’;;‘,:f ((I\Nlﬁ)) Wild or domestic animals 2 [35]
NA Rhipicephalus sp. (NA)
2.78 (44/1579)
4.0 (43/1079) H. lusitanicum
0.4 (1/238) H. marginatum :
2011-2015 0 (0/46) Rhipicephalus spp. Vegetation, deer, falle deer, “§d fox, [36]
0.(0/3) L ricitius cattle, sheep, wild board
0 (0/1) Dermacentor sp.
0 (0/212) not identified
21.0 (129/613) ;
2017 20.2 (119/589) H. lusitanicum Red deer, wild b(;’ar' fallowr deer roe [37]
41.7 (10/24) D. marginatus ek
2017 0.5 (7/1356) (452 pools) * Vegetation 38]
2018 0(0/1) H. rufipes Horse [39]
UK 2018 0(0/1) H. marginatum Vegetation 5 [40]

H. marginatum: Hyalomma marginatum; R. bursa: Rhipicephalus bursa; H. scupense: Hyalomma scupense; H. rufipes: Hyalomma rufipes; H. lusitanicum: Hyalomma lusitanicum; D. marginatus: Dermacentor marginatus; I.
ricinus: Ixodes ricinus; ! Total infection rate [PL: Prevalence of infection (data from individual ticks), MIR: Minimum infectious rate (data from pools)], and corresponding of each tick species analyzed; % All
positive samples corresponded to ticks collected from wildlife, mainly H. lusitanicum from deer; ® Positive samples were collected from deer (1 = 41) and cattle (1 = 3); * The majority of them (80%) corresponded
to H. lusitanicum; ® The tick was crawling on the leg of a man; NA: Not available.
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Genotype I (West Africa 1)

Genotype II (DRC)

Genotype III (South Africa / West Africa 2)
Genotype IV (Asia / Middle East)
Genotype V (Europe / Turkey)

Genotype VII (Mauritania)

Tree scale: 0.1 —_—

M segment

S segment

L segment

Treescale: 0.1 ~ ————————

UG3010, Congo, DQ211624.1
Matin, Pakistan, AY422208.1
Oman, DQ211619.1

C-68031, China, DQ211616.1
200310849, Turkey, DQ211623.1
2013-19-289, Kosovo?, MH133297.1
2015-A-K15-1A, Kosovo’, MHI3:
Kashmanov, Russia, DQ211618.1
Drosdov, Russia, DQ211617.1
PU103/87, S. Africa, DQ211621.1
SPU415/85, S. Africa, DQ211622.1
SPUY7/8S, S. Africa, DQ211620.1
ArD15786, Senegal, DQ211614.1
ArD8194, Senegal, DQ211613.1
IbAr10200, Nigeria, AY389508.2
201643792, Spain, MF287638.1
Caceres 2014, Spain, MF547417.1
ArD39554, Mauritania, DQ211615.1
T-826/Ghana/2020, 0Q441065.1
9AG6_2023, France, PP067064

21

“fQABI6_2023, France, PP067062

7AD3_2023, France, PP067061

12AG9 2023, France, PPO67063
| 20AG9_2023, France, PP067066
3AK6_2023, France, PP067065

13AK6_2023, France, PP067067
11AK6_2023, France, PPO67068
29AK6_2023, France, PP067070
26AK6_2023, France, PP067069
31AK6_2023, France, PPO67074
dAK6_2023, France, PP067071

8AK11_2023, France, PP067073
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fAK6_2023, France, PPO67072

DISEASES

UG3010, Congo, DQ211637.1 ArD15786,
Senegal, DQ211627.1 ArD8194, Senegal
DQ211626.1 ArD39554, Mauritani

DQ211628.1 200310849, Turkey,
DQ211636.1 Kashmanov, Russia,
DQ211631.1 Drosdov, Russia, DQ211630.1
2013-19-289, Kosovo* MH133296.1
2015-A-KI5-1A, Kosovo®, MH133311.1

SPU415/85, S. Africa, DQ211635.1

SPU97/85, S. Africa, DQ2116:

Oman, DQ2116:

Matin,

C-6803
Badajoz 2018, Spain, MN689740.1
SPU103/87, S. Africa, DQ211634.1
Caceres 2014, Spain, MF547416.1
1bAr10200, Nigeria, AF467768.2
20AG9_2023, France, PPO67082
12AG9_2023, France, PPO67076
7AD3_2023, France, PP067075
9AG6_2023, France, PPO67078
QABI6_2023, France, PP067077
8AKI1_2023, France, PPO67083
29AK6_2023, France, PPO67088
fAK6_2023, France, PPO67086
26AK6_2023, France, PP067087
11AK6_2023, France, PPO67080
13AK6_2023, France, PPO67081
3AK6_2023, France, PP067079
dAK6_2023, France, PPO67085
31AK6_2023, France, PP067084

AD15786, Senegal, DQ211640.1
ArD15786, Sencgal, DQ211640.1
UG3010, Congo, DQ211650.1
2013-19-289, Kosovo®, MH133295.1
2015-A-K15-1A, Kosovo', MH1333
200310849, Turkey, DQ211649.1

, DQ211644.1
Drosdov, Russia, DQ211643.1

C-68031, China, DQ211642.1

Kashmanoy, Russ

Matin,

IbAr10200, Nigeria, KY484036.1

SPU97/85, S. Africa, DQ211646.1
Africa, DQ211647.1

014, Spain, MF547415.1
201643792, Spain, 2016, MF287636
ArD39554, Mauritania, DQ211641.1
T-826/Ghana/2020, 0Q441063.1
13AK6_2023, France, PP067055
9AG6_2023, France, PPO67050
QAB16_2023, France, PP067049
7AD3_2023, France, PPO67047
31AK6_2023, France, PPO67058
20AGY_2023, France, PP067056
dAK6 2023, France, PPO67059
29AK6_2023, France, PPO67057
12AG9_2023, France, PPO67048
FAK6_2023, France, PPO67060
3AK6_2023, France, PP067053
26AK6_2023, France, PPO67051
11AK6_2023, France, PP067054
SAK11_2023, France, PP067052

Genotype I (West Africa 1)

Genotype II (DRC)

Genotype 111 (South Africa / West Africa 2
Genotype IV (Asia / Middle East)
Genotype V (Europe / Turkey)

Genotype VII (Mauritania)

Bernard C, et al.. Euro Surveill. 2024



'tf CCHF Virus Antibodies among Livestock
Corsica: 2014-2016

Antibodies in livestock

cattle, sheep, and goats

N = 3,890
Corsica
Prevalence;% Probability of
Clo nondetection
] 1-5 [ 0-0.05
O 6-10 [10.06-0.10 2014-2016

: []0.11-0.25
7 [0.26-0.50

MWosi-100 9 1% seropositivity

B 11-25
M 26-50
. >50

A: spatial variability of B: Probability of nondetection of CCHFV antibody
CCHFV antibody prevalence  in areas where estimated prevalence was null

Grech-Angelini S, et al. Emerg Infect Dis. 2020
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CCHF virus in ticks collected from cattle, Corsica, 2023

A B C :

O strains ‘“"

Hyalomma marginatum (most likely the source)
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CCHFV strains circulating in Corsica and Spain
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Kiwan P, Masse S, Piorkowski G, Ayhan N, Gasparine M, Vial L, et al.. Emerg Infect Dis 2024

KOG UNIVERSITY iSBANK CENTER FOR INFECTIOUS DISEASES




Strong evidence for the presence of the tick Hyalomma
marginatum Koch, in southern France (2016)

_| Hyalomma marginatum |

© Vial, CIRAD ; Soldati, INRA

Presence of reproducing populations in
Southern Continental France

Confirmed introduction through
trans-Mediterranean bird migrations

Vial L, TTBD, 2016
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{ Y. CCHF virus in Hyalomma marginatum ticks in Southern France (2023)

; . 2022:13/997 (1.3%) ticks
All from the same cattle
farm in Pyrénées-Orientales

2023:142/ 1,001 (14.2%)
H. marginatum ticks were
positive for CCHFV.

" | FRANCE |

in Pyrénées-Orientales, 15
. cattle farms, 3 farms with
™ soiogra cattle and horses 3 farms
oo with horses.

Hérault

Pyrénées-Orientales Q .
2022 2023 A Roma
‘.\ '.\ .
- S - S \ . Bernard C, et al.. Euro Surveill. 2024
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Crimean-Congo hemorrhagic fever virus circulating among sheep
of Portugal: a nationwide serosurvey assessment

356,

Joao R. Mesquita' - Rita Cruz** - Fernando Esteves®* - Carla Santos** - Humberto Pousa’ - Catarina Coelho

Ana Cristina Mega® - Carmen Né6brega>~ - Helena Vala®® - Christophe Nicolas Peyrefitte
2,11,12

7,89 .

Maria Sao José Nascimento'? - Patricia Ferreira Barradas

A — North (0 positive in 69)

B — Center (0 positive in 103)

C — Metropolitan Area of Lisbon (O positive in 8)

D — Alentejo (2 positive in 269)

E — Algarve (0 positive in 10)

O— Evora Mesquita, J.R., Cruz, R., Esteves, F. et
@ - Caceres al. Trop Anim Health Prod 2022
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-

&

Musculoskeletal pain

/2M posiive

Tick Infestation

Gingival bleeding
Bloody diarrhoea CCHFV RNA
Profuse genltal | | getected in blood
bleeding

Genital bleeding

=

19 Jul l Dayo

<

<

Incubation period
3 days

Transfer to ICU

Day 4 Days
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Admission to the local

diseases Skopje

Respliratory support | | Respiratory support
5 L/min 15 L/min

Ceftriaxone 2 g dally
Doxycycline 100 mg twice dally
Dexamethasone 4 mg dally
Nadroparin 5,700 IU twice dally

Fluconazole 100 mg daily
Ciprofloxacin 400 mg twice dally

10 units of cryoprecipitates

Ceftrlaxone 2 g dally

6 units of platelets

2 units of FFP

Cases of Crimean-Congo haemorrhagic fever in North Macedonia, 2023

Case 1 in a rural area of the eastern part
of North Macedonia, died.

Case 2: healthcare worker.
Contact monitoring 1/67 +

(PPE) including gloves, mask, apron
and face shield were used. The
exposure could have occurred during
possible improper removal of the
PPE.

Case 3: from another region of the
country, with no epidemiological link to
the confirmed cases or identified
contacts from contact tracing, was
admitted to our clinic.

Jakimovski D, et al. Euro Surveill. 2023



CCHF in Europe: Total cases since 2013

" ougaria[spain | Portugal | Macedonia | Greece | Total
2/8 1 2/9

2013
2014  1/8+ 1 (UK) 1/9

2015 2/4 2/4

2016 4 1/2 1/6

2017 2 2

2018 1/6+1(GR) 1/2 2/9

2019 2 2

2020 1 1/3 1/4

2021 2 2

2022 1/2 1/2 2/4

2023 3 1 1/3 1/7

2024 1 2/4 1/1 2/6

2025 3 1/2 1/5

Total  7/43 (18%)  6/17(30%) 1/1 1/3(33%)  1/2(50)  13/63 (23%)

_ ECDC: by 23 October 2024
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aenegal
USA and three 2013 2016 —
European countnes 19€ria 1977
Gumea Republic 1976
Sierra Leone ————~ ~ oftha Uoanda
|\_/ - b Congo
USA and five anoll
European countries Liberia e 017
1996-1997 ____________ C%
Democratic
1994-1995 Re?u:lic
of the
2001-2002 Congo
. /\ 2008-2009
2002

2003-2004
(2002-2003 ) ( 2005 )

Country where EVD outbreaks started
Country with imported cases
Country where EVD outbreaks started and with imported cases

@ Index case (year(s) of the outbreak)

South
Africa

Jacob ST, et al. Nat Rev 2020
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The Multiple Origins of Ebola Disease Outbreaks

1976 to 2022: 35 EVD outbreaks with 48
primary/index cases.

* Wildlife spillover

* Resurgence of human-to-human
transmission could account for roughly a
quarter of outbreaks

e Nosocomial transmission was associated
with the majority of outbreaks.

Improving access to diagnostics as well as
identifying groups at risk for resurgence of
ebolaviruses will be crucial to preventing
future outbreaks.

Judson SD, Munster VIJ. J Infect Dis. 2023



‘b: The Presentation of a Case Differential Diagnosis

37 years old male came to the outpatient clinic. * COVID-19
» CCHF
He has myalgia, sometimes high fever. « West Nile

The first step is CBC * Chikungunya

e Zika
Platelet count 78,000/ ml * Sandfly
Leukocyte count 3800/ml e Hanta virus
CRP 30 e Influenza
Procalcitonin 0.8 . Dengue

* EBV

The History of tick bite, location

KOG UNIVERSITY iSBANK CENTER FOR INFECTIOUS DISEASES
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= = = Platelets
White blood cells
= fispartate aminotransferase
e fA|anine aminotransferase
PCR: first 0 days
A Igh (7 days—4 months) and IgG (7 days-5 years)
I I '
' Myalgia I Bleeding from various sites |
: Fever : (haematemesis, melena, etc.)
‘. | Mausea, vomiting | somnolence
N | Diarrhoea |
e I
*l I
T . . I
| - |
| . I
| - |
[ * . I
| bl
| .
I
|
|
I
I
|
|
Incubation Prehaemorrhagic period Haemaorrhagic pericd Convalescence
3-7 days 1-7 days 2-3 days

Figure 3: Clinical and laboratory course of CCHF
DIC=disseminated intravascular coagulation.
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Ebolaviruses Known to Cause Disease in Humans

Ebolavirus Ebolavirus Species
Ebola virus (EBOV) Zaire ebolavirus
Sudan virus (SUDV) Sudan ebolavirus

Bundibugyo virus (BDBV)  Bundibugyo ebolavirus

Tai Forest virus (TAFV) Tai Forest ebolavirus

The Course of the Infection

(Onset of signs and symptoms)

Peak phase

Recovery

Ebola Disease (EBOD)

Ebola virus disease (EVD)
Sudan virus disease (SVD)
Bundibugyo virus disease (BVD)

Other specified Ebola disease

About 27.1% (95% Cl, 14.5%—-39.6%) of

Ebola infections are asymptomatic.

Dean NE, et al. Clin Infect Dis 2016

Magnitude

L WBC, | PLTs

N

E Non-specific prodrome: fever, fatigue,
' anorexia, myalgia and headache

Gastrointestinal symptoms: nausea,
vomiting, diarrhoea and abdominal pain

Haemorrhagic manifestations

Renal failure
Respiratory failure
Neurological manifestations

Cardiac dysfunction (myocarditis and pericarditis)

T WBC (T PMNs), L Hb, L HCT

Hepatic injury: T AST, T ALT

Hypoglycaemia

Renal dysfunction: T BUN, T creatinine

Abnormal electrolytes: | Na*, T or | K*,{ Ca™, | Mg**

Metabolic acidosis: T lactate, L HCO,
T CPK myoglobinuria
Hypoalbuminaemia

Coagulopathy: T PT, T PTT, T D-dimer

e

Uveitis

T PLTs

Clinical presentation
Laboratory findings

Innate immune response
--- Viraemia (non-survivor)

— Viraemia (survivor)
IgM
— Cellular immune response
— Humoral immune response (IgG)

-10to-72

KOG UNIVERSITY iSBANK CENTER FOR INFECTIOUS DISEASES

T T
7 14

\4

Jacob ST, et al. Nat Rev 2020



Cytokine Levels of Different Severity Groups for
First Five Days

IL-1B IL-4 IL-5 IL-6
100-

Q%,w¢$,(”$g e m%%!

1¢$_“;_ 1-

e ok |
ok

/o)

vels (pg,

=MCP-1
=|L-6
o]L-18

c
[s]
@ B mild (8 samples)
o IL-13 IL-17a G CSF GM-CSF IFN -y B3 moderate (14 samples)
% ] 100- g . B severe (9 samples) Mild/Moderate Severe Critical
o 10.0 100-

1.0- 0

0.1- B 1

- e - N @
MCP-1 MIP-1b TNFd
10000

1m$éﬁfi%é. mé?-

CCHF: J Med Virol 2017 COVID-19: ECCMID 2022
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Cytokine
Storm

(Lungs

« Pneumonitis

« Pulmonary edema

« Dyspnea, hypoxemia
« ARDS

-

(Liver

« Hepatomegaly

« Elevated liver enzymes
« Increased hepcidin

« Hypoalbuminemia

« Liver injury

« Cholestasis

« Liver failure
AL J

(Kidneys

« Acute renal dysfunction or injury

« Renal failure

\

(Nervous system )
« Confusion
« Delirium
« Aphasia
« Seizures
N J

« Fever
« Anorexia

« Fatigue
\

\
(Constitutional symptoms

(Heart

a
Vascular and lymphatic systems

- Cytopenia, anemia, leukocytosis
« Coagulopathy

« Hyperferritinemia, increase in other
acute-phase reactants (e.g., CRP,
p-dimer)

« Elevated cytokines (e.g., interleukin-1,
interleukin-6, interferon-y) and growth
factors (e.g., VEGF)

« Endothelial damage and vascular
permeability

« Capillary leak syndrome

« Vasodilatory shock

« Spontaneous hemorrhage
« Lymphadenopathy

.

KOG UNIVERSITY iSBANK CENTER FOR INFECTIOUS DISEASES

» Hypotension
« Tachycardia
« Cardiomyopathy

-
Rheumatologic system

« Vasculitis

« Arthritis, arthralgia
\

L4

-
Gastrointestinal system

« Nausea
« Vomiting
« Diarrhea
« Ascites

P
Skin
« Rash
« Edema

S

Fajgenbaum, et al. NEJM 2020




Pathogenesis of Ebola

@g@ﬁ

Ebola virions

Mucosal
membrane

e .

C D e X X X X X X

- Dendritic
Systemic spread and multiple organ dysfunction clelll
e ™)
Brain Spleen
* Encephalopathy e Cytokine Macrophage
dysregulation
o e Death of
Liver I d lati
Blentcyte injon o lymphocytes mmune system dysregulation
dysfunction leading to: l T l
* Release of liver enzymes (o ™ Tpcell i
* Reduced production Kl/;:lney foee T \ O activation s,
of clotting factors ® Acute kidney Injury 7 —_y
¢ Hypoalbuminaemia (?) or qysfunctuon O <
« Hypoglycaemia (?) e Fluid, electrolyte :
_ and acid-base Adaptive Innate
3 " derangement B celland T cell Dendritic cells
Gastrointestinal tract = dysregulation * Inhibition
Vomiting and diarrhoea e l of RIG-
leading to: Skeletal f“f’SCle o i — * Aberrant
* Fluid and electrolyte loss * Muscle injury o > | A N 4 maturation
* Dysrupted acid-base with elevated o © -
balance creatinine Excessive Death of
* Hypoproteinaemia (?) phosphokinase cytokines lymphocytes
L NS =4
f |
Circulatory system
. C::?pillary lgakage and * Damage to ". = ; = R ; > ‘ qula
third spacing endothelium | cEsc=—c=—c=—x - virus disease
* Coagulopathy, leading to * Low blood @
haemorrhagic manifestations  pressure ® S

N
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Bile canaliculus
|

——_ I C)%é%@%@%@%@} Exotic Viral Hepatitis:
DS

branch Liver sinusoidal
Space of Disse endothelial cell ° ° °
. Q) | Pathogenesis in Liver
(OF
L
- — van Leeuwen LPM, et al. ) Hepatol. 2022

05—
=ty @o%o ofofofogoio]

Hepatocytes

|
i
Zone 1 Zone 2 E Zone 3
Periportal zone [ Midzone E Around central veins
) . . 2 .
) (2 Ballooning (D Necrotic/apoptotic regions
degeneration '

of hepatocytes

Hepatic artery
branch

(@ Kupffer cell
hyperplasia

Portal vein
branch

Midzone Around central veins

Periportal zone
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Clinical Sequela of Ebola Virus Disease Survivors

r
Eye and/or vision

p
Generalized, non-specific manifestations
e Fatigue® o Uveitis®
* Weight gain, anorexia, fever, chills, night * Loss of vision and diplopia®

sweats and lymphadenopathy® § » Cataract, blurry vision, light sensitivity, itchy
» Anaemia® eye, tearing, eye pain, burning, redness,
\ dryness, foreign body sensation, floaters and
e . . hotopsia®
Psychosocial and/or mental health issues \ P P /
* Insomnia® p N
* Anxiety disorders, depression and PTSD¢ Head, ears, nose and throat
- ol * Hearing loss; tinnitus; ear, nose or throat pain;
& =\ b
Central or peripheral nervous system and ch)alrlsenecss
* Abnormal neurological examination®d, \ * Aural fullness )
headache® and memory loss® A
* Dizziness, paraesthesia, diplopia, vertigo, ( Respiratory system h
ataxi'a. limb weakn'e'ss-and tremor® . * Shortness of breath, cough and/or sputum
© Meningoencephalitis® production, paroxysmal nocturnal dyspnoea
* Seizures® and cerebrovascular accident* and wheezing®
& =4 S &
‘ A

\

4

-
Cardiovascular system

* Abnormal cardiovascular examination®®

* Palpitations, chest pain and cardiogenic

Gastrointestinal system
* Abnormal abdominal examination®'
* Abdominal pain, nausea, change in bowel

b
g / habits, melaena and diarrhoea®
e/
= N
Urinary tract (Sk' =
e Urinary frequency® . _ _ _
* Urinary urgency, nocturia, dysuria, polyuria ¢ Itchlng and hbalr changes, with or without
and incontinence® nail changes
Y * Alopecia®
( Reproductive system ) g
- =N
* Male: impotence and/or decreased libido and Musculoskeletal system
orchitis® * Abnormal musculoskeletal examination®9,
* Female: decreased libido, amenorrhoea, o Linked to EBOV persistence leading athralgia"’and m'yalgiaa .
abnormal odour and abnormal vaginal bleedingb/ to organ-specific inflammation L * Joint or muscle stiffness, warmth or effusion®

Y
. Jacob ST, et al. Nat Rev 2020
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Fatality Among Hospitalized Children

33 children in Iran: 24% (Sharifi-Mood, et al. Ped Infect Dis J 2008)
31 children in Turkey: 0% (Tezer H, et al. J Clin Virol 2010)
50 children in Turkey; 0% (Tuygun N, et al. Pediatr Int 2011)

(] ° °
® )
®
e o ® o
[ ] (]
L4 ® e & o
o - ([ ] [ )
T T T T
0 5 10 15

Age by years



.cx Ebola Virus in Body Fluids: West Africa: 2014 to 2016

Aqgueous humor

A patient with uveitis 14 weeks after the onset of Ebola symptoms and 9 weeks
after viremia

(Varkey JB, et al. NEJIM 2015).

Cerebrospinal fluid

Meningitis approximately 10 months after her initial diagnosis, and infectious
virus was recovered from the cerebrospinal fluid

(Jacobs M, et al. Lancet 2016)

Urine
Ebola virus was cultured from a patient's urine 26 days after the onset of

symptoms, which was nine days after the plasma RNA level became negative
(Kreuels et al. NEJM 2014)

KOG UNIVERSITY iSBANK CENTER FOR INFECTIOUS DISEASES
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Ebola Virus in Semen: West Africa: 2014 to 2016

267 male survivors, viral RNA in the semen of 30% of survivors, mean 19 months, max 40 months.
(Longitidunal study in Liberia, NEJM 2019).

The concentration of viral RNA in semen during early recovery was 4 logs higher than in blood during
peak infection (Barnes KG, et al. CID 2017)

Risk factors for persistence of EBOV in semen:
e Older age,
e decreased illness severity,

* elevated total serum IgG3 and HLA-C*03:04 allele expression
(Dyal J, et al. CID 2023).

CCHF: sexual transmission

Ergonul O, et al. Potential sexual transmission of CCHF infection. Jpn J Infect Dis 2014

Pshenichnaya NY, et al. Possible sexual transmission of CCHF. Int J Infect Dis 2016
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‘e ¥ CCHF Survivors Project

® < )

Y =4 Investigation of anti-
h , CCHFV antibodies by
“ %, - ELISA
T =
R

Hospital A Hospital B o
n=1056 n=1076 Investigation of
' ! Serum neutralizing antibodies
,CCHF Survivors called Collection > by plaque assay
by researchers
n=2132 —>
® | [[“—"] CCHF Survivors o
volunteered for DBMC 0,8 In\f[-estlgatlon. 1_£>f
the stud antigen specific
' l 1 n=104 Y Collection Laser m= ; =Detector memory T cells
= o by flow cytometry
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CCHF Survivors Project

e Current information: CCHFV infection provides lifelong immunity

 We detected a case reinfected with CCHF virus 11 years after first infection

First Infection § Reinfection i Immunology
Py : P Studies
' I
: ~ +,
) i ) L P o2 S
Fatigue : Fatigue N /=
Sl : P Bleeding LAl )/ \:
N
Headache : Headache
Maculopapular
.\z ‘ J / Rash L)
‘ u - ‘ u B Laser == : =aDetector
I I Fever Fever I :
I .
2011 D|scharged i 2022 Dlscharged 2024

May on 16th day October on 6th day 5 October
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Lassa fever

Lassa Fever

Mauritania
% Mali (
= ) ali /
\'a\ e J i Niger
Senegal e
The N ) i J\( (
Gambia— - = N S ‘J S P /\\
P — \( g Q}\ I \\\/,/\\ _——Lassa
- L g— = e
/ 4 , @ gﬂ» Burkina Faso /> \\/ Nigeria F @ i
Guinea v )"’ S \ Jos
Bissau 3 Jﬂ‘“‘f"‘\ \[ h ¢ @ = ./
\\’\/ h“\? / /;
5 { J Redeemers f
Guinea \ ‘ ,
/ { Owo )
i i 2 /
/ / 1ol @ g o 'STH i
Sierra @ NPHI | Ghana [ @ Abakaliki
L \
eone / ‘ b ‘ @
j Benin Cameroon
Liberia Cote
i d’lvoire Togo
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Zoonotic reservoir

. Mastomys
. natalensis

Other potential
animal hosts and
intermediates

KOG UNIVERSITY iSBANK CENTER FOR INFECTIOUS DISEASES

Lassa Fever

Spillover

* Contamination of food,
water or environment

* Direct contact with infected
animals or their excreta

* Hunting and/or butchering
infected animals

* Risk increased at start and
end of dry season

.

Human-to-human spread

| !

Healthcare-associated International export
outbreaks of cases

Garry RF. Nat Rev 2023




Dengue Fever

WHO:

Dengue is spreading to new areas in Europe,
the Eastern Mediterranean and South
America.

The largest number of dengue cases in 2023.

The WHO Region of the Americas reported
4.5 million cases, with 2300 deaths.

A high number of cases were reported in
Asia: Bangladesh (321 000), Malaysia

(111 400), Thailand (150 000), and VietNam
(369 000).

KOG UNIVERSITY iSBANK CENTER FOR INFECTIOUS DISEASES

for dengue (2080)

Hl 4
0

Paz-Bailey G, et al. Dengue. Lancet. 2024
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Extrinsic incubation

Virus infects the midgut and
eventually travels to the salivary
glands (usually 8-10 days)

Mosquito infection
Mosquito takes a blood meal from
a person with acute dengue

Salivary  Dengue

glands virus Midgut
roboscis

Intrinsic incubation
The onset of
symptoms usually
takes 4-7 days

Human infection

One mosquito can infect

several humans

~ Guzman M, et al. Nat Rev Dis Primers 2016
KOC UNIVERSITY iSBANK CENTER FOR INFECTIOUS DISEASES

3
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L Control of DENV disease responsej

It I | I Y

V- N e N Ve ™ e
Immune status Viral strain Genetic status Age
o Virulerce Blacipratection First DENV infection
* Neutralization T Age —> T Severity
escape mutants =
e Variation in epidemic
potential
* Increased viral load
PR
7 (2
e D) )
7N\ S T
K > Sensitized individuals
’ L Age — T Severity
Monocyte oy
1 '@ ’_h../—‘
o White: susceptibility ==
Increased 1
viralload ¢y €@ @
L J G J _ J . J

Guzman M, et al. Nat Rev Dis Primers 2016
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Yellow Fever

Guyana Cape Verde

Suriname
French Guyana

%Mauritania
’ Senegal
The Gambia
Guinea-Bissau

Guinea
Sierra Leone

Recife Liberia

Salvador

0

SaoTomé
Paraguay and Principe
Rio de Janeiro
dcionl S3© Paulo .
Africa
Uruguay

Yellow fever vaccine

[ Vaccination recommended

[ Vaccination recommended since 2017

[ Vaccination generally not recommended
3 [ Vaccination not recommended

& Madagascar
’ eSwatini
Lesotho

Reno E, et al. Prevention of yellow fever in
travellers: an update. Lancet Infect Dis 2020

: A\ : ' Chile s
. \ . " w ‘ " .‘; w‘:tin America
s O . ' g " i;_ e Argentina
Early 20th cc, Brasil .
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Max Theiler
1899-1972

Nobel Prize, 1951

Yellow Fever

Should | recommend yellow
fever vaccine in this traveler?

v

« Travelling to an endemic area or
area with current yellow fever
outbreak

« Travelling to a high-risk area
to (eg, sub-Saharan Africa, or
Latin America)

Yes

v

+ <9 months of age

« Severe immunosuppression
(HIV/AIDS) CD4 count
<200 cells/pL

« Severe immunosuppression
(not HIV related)

No Do not administer
the vaccine
A
Yes

A 4

Previously received yellow fever
vaccine

No
————( Administer the vaccine

Yes

A 4

« Infected with HIV when last dose
received

« Lab worker who routinely
handles wild-type yellow fever
virus with antibody titre suggesting
additional vaccine dose needed

« Lab worker who routinely
handles wild-type yellow fever
virus and cannot get antibody
titre measured

Administer vaccine
and provide booster
every 10 years if
patient remains
atrisk

No

v

« Pregnant when initial dose
received (any trimester)

+ Had a haematopoietic stem cell
transplant after receiving dose
and is now immunocompetent

No
Do not administer
the vaccine

Yes

A 4
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No treatment
vaccination available since 1937

Every year, an increasing number of
individuals are travelling to yellow fever
endemic areas, many of whom have
complex medical conditions.

Travel health practitioners should do
individualised assessments of the risks
and benefits of yellow fever vaccination
to identify potential contraindications.

The most relevant contraindications
Thymoma
AIDS

Receiving immunosuppressive drugs

Reno E, et al. Prevention of yellow fever in
travellers: an update. Lancet Infect Dis 2020



Hantavirus in Humans

@ Hantavirus cardiopulmonary
syndrome

@ Haemorrhagic fever with renal
syndrome

Russia

‘ 7300
® 27 urope Puumala
> Dobrava
= ” e {3100 Amur
#* ( L . Puumala
.05
0 gve o) Dobravag:
\) lqi‘ <, TR . - = e
Q . o S
North Amgrica = - 23
=—d
» @
Sin Nombre
* China/Korea
A 13100
L Hantaan
> Fihama Seoul .
30 ..
Choclo
* Brail ) <2 S,
Paraguay ‘ ,1610 d ) o
30 - Araraquara
Laguna Negra ® uquitiba N
Chile Argentina

120 Aides
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Hantavirus in Humans

The Americas Europe and Asia
Hantavirus cardiopulmonary Haemorrhagic fever with
syndrome renal syndrome

£30
T it o

Liver

Kidneys

Oligoryzomys longicaudatus Apodemus agrarius

KOC UNIVERSITY iSBANK CENTER FOR INFECTIOUS DISEASES Vial PA, et al. Lancet Infect Dis. 2023




Fever
Myalgia
e H Headach
Hantavirus in Humans AW
Abdominal;
‘ pain
Vomiting
Blurred
| vision

))'J:""n

L
gt crir ot 5 1
2! 05 Viral RNAin
ﬁ‘%,_** blood

- T T - T
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Rift Valley Fever

Rift valley fever

Rift Valley Fever (RVF): Transmission and Mortality

v Moqu/to Bite

Heavy Rain + Floods = v
More Mosquitos o

Moderate Disease by
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https://www.jenner.ac.uk/research/emerging-pathogens/rift-valley-fever-rvf
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.bf Re-purposed Drugs

Ebola
Favipiravir
Brinsidofovir
Remdesivir

CCHF
Favipiravir
Remdesivir
Molnupiravir
Nirmetralvir
Monoclonal antibodies
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OPEN @ ACCESS Freely available online ‘@ PLOS | FeShEl Biseases

Evaluation of Antiviral Efficacy of Ribavirin, Arbidol, and
T-705 (Favipiravir) in a Mouse Model for Crimean-Congo
Hemorrhagic Fever

Lisa Oestereich™??, Toni Rieger'?®, Melanie Neumann?, Christian Bernreuther®, Maria Lehmann'??,
Susanne Krasemann?®, Stephanie Wurr'?, Petra Emmerich'?, Xavier de Lamballerie®,

Stephan Olschliger'"”, Stephan Giinther'27*

1 Departrnerrt crf Wrology, Bemhard Nocht-Institute for Tropiml Medicine, Harnburg, Gerrnany, 2German Centre for Infection Research (DZIFJ, Hamburg, Germany,

Naive Infected Infected + ribavirin Infected + T-705
ler&E)

#

Ostereich L, et al. Plos One, 2014



Research paper

Efficacy of favipiravir (T-705) against Crimean-
Congo hemorrhagic fever virus infection in
cynomolgus macaques

David W. Hawman # & &, Elaine Haddock ?, Kimberly Meade-White 2 Glenn Nardone b Friederike Feldmann 2,

Patrick W. Hanley , Jamie Lovaglio ? Dana Scott ?, Takashi Komeno €, Nozomi Nakajima €, Yousuke Furuta ¢, Brian

B. Gowen ¢, Heinz Feldmann 2 & =

Once- or twice-daily favipiravir suppressed
viremia and viral shedding in CCHFV infected
macaques.

Viral loads within key tissues of favipiravir-
treated animals trended lower than in
placebo-treated animals.

Study highlights the importance of the
macaque model of CCHF in evaluating
antivirals for human CCHF cases.

Antivir Res 2020
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Antiviral Research
Volume 199, March 2022, 105273

In vitro and in vivo efficacy of a novel nucleoside
analog H44 against Crimean—Congo hemorrhagic
fever virus

Qianran Wang ® % 1, Ruiyuan Cao 1, Liushuai Li # 4, Jia Liu @, Jingjing Yang P, Wei Li b, Linjie Yan b, Yanming Wang
b, Yunzheng Yan b,Jiang Li 3, Fei Deng ?, Yiwu Zhou €, Manli Wang ? & &, Wu Zhong bo= Zhihong Hu? & &=

H44: modified Favipiravir
T-705: Favipiravir
EIDD-1931: Remdesivir
EIDD-2081: Molnupiravir

eH44, T-705, and EIDD-1931 inhibited CCHFV
infection at the “post-entry” stage.

*EIDD-2081, the EIDD-1931 prodrug, did not
protect IFNAR™~ mice from CCHFV infection.

*H44 protected IFNAR/- mice from lethal CCHFV
challenge as efficiently as T-705.
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Discovery of CCHFV glycoprotein-specific mAbs from human convalescent donors C e“ ,

Volume 184, Issue 13, 24 June 2021, Pages 3486-3501.e21 CellPress
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3 *-t/l" 4)'
: : : - ) Article

Protective neutralizing antibodies from human
™~ survivors of Crimean-Congo hemorrhagic fever

>
>

=

Purified, labeled
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J. Maximilian Fels L' 1% Daniel P. Maurer 2 15, Andrew S. Herbert > 1415 Ariel S. Wirchnianski 1 4, Olivia Vergnolle

FACS.isoIation. of single mAb expression in yeast  Panel of 361 mAbs Antigen-binding
viral antigen-positive B cells analysis %16, Robert W. Cross > ©, Dafna M. Abelson 7, Crystal L. Moyer 7, Akaash K. Mishra 8, Jennifer T. Aguilan 12, Ana 1.
=Tewr . = s Kuehne 3, Noel T. Pauli %, Russell R. Bakken 2, Elisabeth K. Nyakatura® 16, Jan Hellert *» 17, Gregory Quevedo *,
Characterization and selection of lead candidate mAbs and mAb combinations Leslie Lobel 1018 Stephen Balinandi 11 ... Kartik Chandran b 1% 20 8,
A A
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Engineering of highly potent bispecific antibodies and evaluation of therapeutic efficacy
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Cell 2021
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Antiviral Research
Volume 200, April 2022, 105276

A screen of FDA-approved drugs with
minigenome identified tigecycline as an antiviral
targeting nucleoprotein of Crimean-Congo
hemorrhagic fever virus

Minato Hirano 2, Yasuteru Sakurai ® b, Shuzo Urata ® P, Yohei Kurosaki b,Jiro Yasuda b, Kentaro Yoshii # b & =

Library screening of FDA-approved compounds
identified ten candidate compounds.
tigecycline showed inhibition at
concentration.

10 uM

Tigecycline treatment dissociated the
interaction between CCHFV N protein and
RNA: a new target of antiviral development.

Antivir Res 2022
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o PAPER
b: A randomised controlled trial of ribavirin in Crimean
Congo haemorrhagic fever: ethical considerations

B Arda," A Aciduman,’ J C Johnston??

CONCLUSION

There is universal agreement that placebo-controlled trials
should be prohibited in life-threatening conditions if an existing
treatment is effective at prolonging or preserving life. The
available literature provides convincing evidence that CCHE
may be effectively treated with prompt administration of riba-
virin. It is the standard of care in several nations, and ratified by
the Centers for Disease Control and WHO. Therefore, it would
be decidedly unethical to conduct an RCT of ribavirin in patients

harbouring this life-threatening disease. |
] Med Ethics 2011
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Ribavirin Corticosteroids
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Ergonul O. Treatment of CCHF, Antivir Res 2008
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.ti Problems in Study Design: What We Learned?

A. Study Design

1. Inclusion criteria
1. Severity (Confounding by indication)
2. Number of days from onset of symptoms
1. Prehemorhagic
2. Hemorhagic

2. Ineffective application:
GIS symptoms in oral use (hematemesis)
3. Duration of treatment

B. Statistical Analysis
1. P valueis not everything; sample size is important
2. Meta-analysis: oranges & apples; early vs late

KOG UNIVERSITY iSBANK CENTER FOR INFECTIOUS DISEASES
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Severity Scoring Index for Crimean-Congo
Hemorrhagic Fever and the Impact of Ribavirin
and Corticosteroids on Fatality

Basak Dokuzoguz' Aysel Kocagiil Celikbas,' $ebnem Eren Gok,' Nurcan Baykam,' Mustafa Necati Eroglu,' and
Onder Ergoniil®

"Clinical Microbiology and Infectious Diseases Clinic, Ankara Numune Education and Research Hospital, Ankara, and ZInfectious Diseases and Clinical
Microbiology, Kog University, School of Medicine, Istanbul, Turkey

m Death

60 = Survival —

6 1 2 3 4 5 6 7 8 9 10 11 12 13
SSI

Clin Infect Dis 2013
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Table 1. Characteristics of SSI Parameters for Crimean-Congo

Hemorrhagic Fever

SS1 Parameter

Score

Platelet count, x10° platelets/mm®
=150
160-50
49-20
<20

aPTT, sec
<34
35-45
46-59
>60

Fibrinogen level, mg/dL
>180
179-160
169-120
<120

Bleeding
No
Petechia
Ecchymosis
Bleeding

somnolence
No
Yes

L M = o W= o 7% I L B W M=o

- 0



Table 3. Univariate and Adjusted Analysis for Prediction of Death

Univariate Analysis Adjusted Analysis
Factor OR (95% ClI) FValue OR (95% CI) PValue
SSI 2.49(1.82-3.41) <.001 3.27 (2.09-5.13) <.001
Ribavirin use 0.68(.23-1.93) A70 0.04 (.004-.48) 01
Corticosteroid use 5.65(2.31-13.77) <.001 0.22 (.039-1.27) 092

Abbreviations: Cl, confidence interval; OR, odds ratio; S5, severity scoring index.

Dokuzoguz B, et al. Clin Infect Dis 2013
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e Figure 7. Forest plot of subsidiary descriptive analysis: ribavirin versus no ribavirin, outcome: mortali

Ribawvirin No Ribavirin Risk Ratio Risk Ratio
Studly or Subgroup Events Total BEvents Total Weight M-H, Random, 95% CI M-H, Random, 95% CI |
3.11RCT Cochrane
Koksal 2010 4 G4 4 72 100.0% 1.131[0.29, 4.32] — 3
Subtotal (99% Cl) b4 2 100.0% 1.13 029, 4.32] LI b ra ry
Total events 4 )

Cochrane Database of Systematic Reviews

Helerageneity: Mot applicable
Test for overall effect: £=0.17 (P = 0.86)

3.1.2 Non-randomized studies (serious risk of bias)

Bodur 2011 2 10 fi 40 15.8% 1.33[0.32, 5.64] e o E—

Dakuzoguz 2013 18 235 A 46 37 4% 0.70[0.28, 1.80] ——

Elaldi 2008 9 126 11 92 46.8% 0.60[0.26, 1.38] ——

Subtotal (95% CI) 371 178  100.0% 0.72[0.41,128] "' . . . . . .
Total events 29 27 Ribavirin for treating Crimean Congo haemorrhagic fever
Helerageneity: Tau®= 0.00; Chi*= 0.90, df= 2 (P = 0.64); F= 0% (Review)

Testfor overall effect: Z=111 (P=0.27)

3.1.3 Non-randomized studles (Crivical risk or blas) Johnson S, Henschke N, Maayan N, Mills I, Buckley BS, Kakourou A, Marshall R
Alavi-Mani 2006 37 236 12 19 206% 0.25[0.16, 0.35] —

Belet 2014 1 39 i 14 39% 1.20[0.045, 27.94]

Cevik 2008 (1) a 9 7 18 17.2% 1.27 [0.87, 2.84] —

Ergonul 2006 (2) 1 22 123 BO% 0.35 [0.04, 310]

Ertugrul 2004 1 17 i ] 4.0% 1.67 [0.07, 37.21]

Ozkurt 2006 2 22 4 3\ 101% 0.86[0.17, 4.34] ] E—

Sannikowa 2009 4 264 18 140 147% 0.12[0.04, 0.34] e

Tasdelen Fisgin 2009 3 41 3 11 11.2% 0.27 [0.06, 1.15] — =T

Tulzk 2012 1 a1 a 152 T7.5% 0.21[0.03, 1.64]

Tuygun 2012 1 23 i 27 39% 3.50[0.145, 81.94]

Subtotal (95% CI) 764 450 100.0% 0.43 [0.22, 0.86] ""

Total events a6 a4

Helerogeneity: Tau®= 055, Chi®=21.22, df=9 (P =0.01); F= 53%
Testfor overall effect; £= 237 (P=0.02

0.01 0.1 10 100
Favours ribavirin - Favours 1o ribavirin

Testfor subgroup differences: Chi®= 2.05, df= 2 (F=0.36), F=2.3%
Footnotes

(1) Severe cases

(2) Severe cases
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Predictors of ICU Admission

B. 250
, - s ™ - 18centers, 1103 lab
= ﬁ 2 : 150 r— confirmed cases
B L o w T (2019-2024)

50 |

01;2019 2020 2021 2022 2023 2024 Teel o)
S S  |[CU Admission 8%
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from hospital from ICU at ICU at hospital [ Ca Se fata I ity rate 5 . 1 %

Table 3

Time-dependent Cox regression model evaluating the effect of early ribavirin gy D, Yigci D, Baykam N, Celikbas AK,

administration on in-hospital mortality truncated at 30 days Yapar D, Akdogan O, Ozden K, Sarikaya Ri,

. Hasanoglu i, Giiner R, Dogan E, Karakecili

Variables aHR 95% Cl pvalue ¢ Al H Yiice ZT, Eren EE, Erbay A, Gok
Being a female 0.611 0.323—1.153 0.128 ISVIIE ?Z'fiff’ gi:ﬂfguo Ygtz'zgrel\f/‘l é\'s?:yill‘('lej
Ag.e (=20) Soba e 0.011 Ta'nlr B, Alléavu ID, Cln’ar G, Oztij;rk B, ’
Being a farmer 0.604 0.328-1.114 0.106 sz E, @5 B6), Pk F s ey ),
Diabetes mellitus 2.708 1.278—57139 0.009 Ergoniil O. Key predictors of mortality in
Chronic heart disease 1.242 0.481—-3.208 0.654 Crimean-Congo haemorrhagic fever: a
Hypertension 0.951 0.404—-2.239 0.909 retrospective multicentre cohort study.
Ribavirin initiation within <96 h 0.214 0.066—0.694 0.010 Clin Microbiol Infect. 2025

KOG UNIVERSITY iSBANK CENTER FOR INFECTIOUS DISEASES
e S



Contents lists available at ScienceDirect

International Journal of Infectious Diseases

INTERNATIONAL SOCIETY
FOR INFECTIOUS DISEASES

journal homepage: www.elsevier.com/locate/ijid

Perspective

pr—

Probable Crimean-Congo hemorrhagic fever virus transmission @CmssMark
occurred after aerosol-generating medical procedures in Russia:
nosocomial cluster

Natalia Yurievna Pshenichnaya *, Svetlana Alexeevna Nenadskaya

Rostov State Medical University, Rostov-on-Don, Russia

This case of airborne transmission of CCHF demonstrates that
during performance of any AGMPs for any CCHF patient, airborne
precautions should always be added to standard precautions
(particulate respirator protective to N95 or equivalent standard,
eye protection, single airborne precaution room or well-ventilated
setting, etc.) according to WHO guidelines'® for all HCWs who are
in a patient’s room. Access to any room where the aerosol-
generating procedures are performed should be extremely limited.

lJID, 2015



Jpn. J. Infect. Dis., 64, 439-443, 2011

Short Communication

Prompt Administration of Crimean-Congo Hemorrhagic
Fever (CCHF) Virus Hyperimmunoglobulin in Patients
Diagnosed with CCHF and Viral Load Monitorization

by Reverse Transcriptase-PCR
Ayhan Kubar®, Mustafa Haciomeroglu!, Aykut Ozkul?, Umit Bagriacik?,
Esragul Akinci*, Kenan Sener, and Hurrem Bodur?

Gulhane Military School of Medicine, Ankara; 'Refik Saydam Hygiene Center, Ankara;
2Ankara University, Ankara; Gazi University, Ankara; and
‘Ankara Numune Training and Research Hospital, Ankara, Turkey

No difference in fatality
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.d Specific Immunoglobulin
Bulgarian Experience
Passive simultaneous transfer of two different specific
immunoglobulin preparations,

“CCHF-bulin” (for intramuscular use)
“CCHF-venin” (for intravenous use),

prepared from the plasma of CCHF survivor donors;
applied among 7 patients

(Vassilenko et al., 1990).
Poor data, recently summarized;

Keshtar Jahromi M, et al. Antiviral Res 2011
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'CI Ebola Treatment

Atoltivimab, maftivimab, and odesivimab (REGN-EB3)

October 2020, the FDA approved the triple-monoclonal antibody
(mAb). This combination of three mAbs targets three nonoverlapping
epitopes on the Zaire Ebolavirus virus surface glycoprotein, providing
potent virus neutralization. Trade name: Inmazeb

Ansumivab(mAb114)

December 2020, the FDA approved the monoclonal antibody
ansuvimab (sold as Ebanga). This mAb was isolated from a survivor
of Ebola virus disease and neutralizes the virus.
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Ebola Vaccines

ERVEBO® (Ebola Zaire Vaccine,, rVSVAG-ZEBOV-GP or rVSV-ZEBOV) is approved by the
FDA

live, attenuated recombinant vesicular stomatitis virus (rVSV) vaccine manufactured by
Merck.

Clinical trials have shown that the vaccine elicits rapid antibody response in 14 days after
a single dose.

The Ad26.ZEBOV/MVA-BN-Filo vaccination strategy

The Ad26.ZEBOV/MVA-BN-Filo vaccination strategy uses two different vaccines separated
by eight weeks.

The European Medicines Agency granted marketing authorization for the individual
components of the vaccine series (recombinant adenovirus AD26.ZEBOV; sold as
Zabdeno) and modified vaccinia Ankara (MVA-BN-Filo; sold as Mvabea) for individuals
aged one year and older.
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Ebola outbreak in the DRC:
why is it so deadly?

“It’s not identical to previous
strains that have been
identified, which strongly
suggests that it’s a new
spillover event,”

(Peter Horby at the Pandemic
Sciences Institute at the

University of Oxford, UK)

Nature 25 Sept 2025



_cj Dengue Vaccines

Dengvaxia® (Sanofi) was approved for use in patients aged 9 years and
above in Mexico, the Philippines, and Brazil in 2015 and in El Salvador,
Costa Rica, Paraguay, Guatemala, Peru, Indonesia, Thailand, and
Singapore in 2016; it was also approved for use in Europe in 2018.

QDENGA® (Takeda) was approved for use in Europe, Brazil, Argentina,
Indonesia, and Thailand in 2022.

Individuals who were vaccinated and then acquired a natural dengue
infection had higher risk of severe disease.

WHO advises pre-vaccination screening be conducted, and to only
vaccinate individuals who have evidence of a previous natural dengue
infection.
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Vaccine Studies for CCHF

Hawman DW & Feldmann H.
Nature Rev Microbiol



Summary

In diagnosis, nucleic acid based technology is the most sensitive diagnostic method.

The determination of IgM/IgG antibodies is a reasonable alternative, but cross-reactivity can
be a problem in the case of flaviviruses.

Licensed vaccines are available for Yellow Fever, Dengue, and Ebola
Therapy is predominantly supportive.

*  Corticosteoids and IL inhibitors are in use

e  Monoclonal antibodies

. New antivirals

To ensure that preventive measures can be introduced to control possible outbreaks, the
timely detection of these viruses is very important.

* Widely used rapid diagnostic tests are needed.
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