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Crimean-Congo Haemorrhagic Fever Geographic Distribution
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A Timeline Invelving Patients and Contacts
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VHF virus Geographic Distribution Annual Cases
Ebola Africa <500
Marburg Africa <300
Lassa Africa 100,000-300,000
S.America Argentine pampas ~300
Hantaan Asia, Europe 50,000-150,000
Rift Valley Africa 100-100,000
CCHF Euroasia, Africa > 2000
Yellow F Africa, South America 5,000-200,000
Dengue Tropics, worldwide DF: 100 million,

DHF: 100,000-200,000

Omsk Siberia 100-200
Kyasanur Karnataka state, India 400-500
Alkhumra Saudi Arabia <50




Crimean-Congo
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Circulation of CCHFV in
Southwestern Europe
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Model for Crimean-Congo Hemorrhagic Fever

§ Spatial
§ Latitude
Longitude
B el A ——, Number of
» w
;ngé‘@*#q settlements
ﬁ@!liQﬁﬁiiﬂ'@ﬁ, 5

Temporal
Evapotranspiration
season

L s AL

AL i et AR4T. AAn

Structured Gaussian
Process

Ak, et al.2018



Kirnrm Kongo Kanamali Atesi Vaka, Oliim Sayilari ve Fatalite
2002-2016*

Fatalite Hizi

-
iy
>
©
n
S
E
‘Q
)
>
e
©
>

0,88 vaka Sayisi
Olim

Yillar * Fatalite Hizi



40°0'0"N

30°0'0"E 40°00"E

- ADIYAMAN 5"

\/‘j Fﬂ SANLIURFA
ZIANTEP™,
Y/ o

HATAY
K

2,525 250 375 500
Kilometers

30°0'0"E 40°0'0"E

Habitat Suitability

 20-30
a1 30-40

40-50
a" 50-70

# >70

2
P M 1:,
P £

H. marginatum spp. (MaxEnt algorithm)

40°0'0"N

Vatansever, Z, et al. In: CCHF. Ergonul & Whitehouse, Springer, 2007



Epidemiologic characteristics

Rural area: 70% of the cases
Male/female ratio: 1.13/1
Tick bite history among patients: 69%

May, June, July: 84% of the cases

Yilmaz GR, et al. The Epid. of CCHF in Turkey in 2002-2007. Int J Infect Dis 2008
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Strong evidence for the presence of the tick
Hyalomma marginatum Koch, 1844 in
southern continental France

Hyalormma marginatum

. Presence of reproducing populations in
PRV Southern Continental France

Confirmed introduction through

trans-Mediterranean bird migrations

Tick sampling campaigns conducted on horses and birds
from 2007 to 2016,

Introduction of H. marginatum, as well as H. rufipes, into

France probably through trans-Mediterranean bird



Jpn. J. Infect. Dis., 67, 137-138, 2014
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Severity Scoring Index for Crimean-Congo
Hemorrhagic Fever and the Impact of Ribavirin

and Corticosteroids on Fatalitv
Table 1. Characteristics of SSI Parameters for Crimean-Congo

Basak Dokuzoguz,' Aysel Kocagiil Celikbas,' $ebnem Eren Gik,' Nurc H
Onder Erginill Hemorrhagic Fever

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

S5l Parameter Score

Platelet count, x 107 platelets/mm?
>160
150-50
49-20
<20
aPTT, sec
<34
35-45
46-59
>60
Fibrinogen level, mg/dL
>180
179-160
159-120
<120
Bleeding
MNo
Petechia

W M=o W = O

W M = o

Ecchymosis
Eleeding

W M=o

Somnolence
Mo
Yes

E:Iin Infect Dis 2013



Severity Scoring Index for Crimean-Congo
Hemorrhagic Fever and the Impact of Ribavirin
and Corticosteroids on Fatality

Basak Dokuzoguz,' Aysel Kocagiil Celikbas,' Sebnem Eren Gik,' Nurcan Baykam,' Mustafa Necati Eroglu,' and
findar Frnaniil?
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Host Dynamics

From Epidemiology to Immunology
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Why The Case Fatality Rate Differs?

1. Different strains
Burt FJ, et al. Epidemiol Infect 2009

2. Co-existent infection
very rare; Malaria, Iran, 2012; Leishmania, Turkey, 2011

3. Health care facility
e Access
eQuality
4. The sensitivity threshold for the symptoms:

inclusion of the milder cases inflates the
denominator



Viral Load is Higher Among Fatal Cases

1 {]."'
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No. of days after hospital admission

Cevik, et al. Clin Infect Dis 2007
Duh, et al. Emerg Infect Dis 2007



Antibody production is weaker among fatal cases

Patients survived |Fatal cases
n=50 n=4
lgM positives | 37/40 (93) Y% (25)
lgG positivity 27/40 (68) 0/4 (0)
PCR positivity | 19/40 (48) 3/4 (50)

Ergonul, et al. CMI 2006

CCHFV delays activation of the innate immune response.
Andersson |, ] Med Virol 2008
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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)
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Universal precautions

Hospitalization

isolation

Avoid from the trauma that could cause bleeding
Watch for bleeding

Protect oral cavity
Remove crusts from the oral cavity,

Brush teeth carefully,
Keep mouth and lips clean

WHO, cDC



Hematologic support

Fluid and electrolyte balance should be
sustained

If necessary;
Blood,
Trombocyte suspension,
Fresh frozen plasma



Ribavirin: A Broad Spectrum Antiviral
Only Drug for VHFs

Arenaviridae

Lassa Fever
South America HF
Bunyaviridae

Hanta
Rift Valley
CCHF




Inspirations from EBV and
other HFs

favipiravir
brinsidofovir
ZMapp
TKM-Ebola

“antisense” oligonukleotidler (PMOs)
BCX4430
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Efficacy of T-705 (Favipiravir) in the
Treatment of Infections with Lethal
Severe Fever with Thrombocytopenia
Syndrome Virus

Hideki Tani,® Aiko Fukuma,? Shuetsu Fukushi,® 5atoshi Taniguchi,?

Tomoki Yoshikawa,® Naocko lwata-Yoshikawa,®? Yuko Sato,® Tadaki Suzuki,?
MNoriyo Nagata,® Hideki Hasegawa,® Yasuhiro Kawai,® Akihiko Uda®

Shigeru Morikawa,” Masayuki Shimojima,® Haruo Watanabe,® Masayuki 5aijo®
Department of Virology 1,# Department of Pathology,® Division of Experimental Animal Research and

Department of Weterinary Science ® Mational Institute of Infectious Diseases, Tokyo, lapan; Mational Institute of
Infectious Diseases, Tokyo, Japan®

vitro and in vivo. A time-of-drug-addition study revealed that therapeutic T-705
treatment of SFTSV infection in IFNAR™/~ mice was effective. These results suggest
that T-705 is a promising candidate for the treatment of SFTS.



OPEN & ACCESS Freely available online @ PLOS | 1rSHSiEDiseases

Evaluation of Antiviral Efficacy of Ribavirin, Arbidol, and

T-705 (Favipiravir) in a Mouse Model for Crimean-Congo
Hemorrhagic Fever

Lisa Oestereich’2?, Toni Rieger'2®, Melanie Neumann?, Christian Bernreuther?, Maria Lehmann'-,
Susanne Krasemann?®, Stephanie Wurr"?, Petra Emmerich'?, Xavier de Lamballerie®,
Stephan Olschlidger'™, Stephan Giinther'2"*

Naive Infected Infected + ribavirin Infected + T-705
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Ribavirin Arbidol T-705

100 100+
100 ol -& \firus titer (FFU/m)
107 ‘B Cell viability
- 1+
% 10 % 0.1 % 1
11 0.014 01
0.001+ 0.01-
0.1 1 0.0001 T T T 1 0.001 r I T 1
-2 -1 0 1 2 2 -1 0 1 2 -2 -1 0 1 2
Log,, conc. (pg/mi) Log,, conc. (ug/ml) Log,, conc. (pg/ml)
Ribavirin (n=2) Arbidol (n=3) T-705 (n=2)
ICsp 2.8 pg/mi (1.9-3.7) 0.6 pg/mi (0.08-1.2) 1.1 ug/mi (1.0-1.1)
ICqq 4.7 ug/mi (4.6-4.8) 1.2 pgiml (0.2-2.4) 1.6 pg/ml (1.5-1.7)
ICog 9.5 ug/mi (5.8-13.2) 2.0 pg/ml (0.5-3.8) 2.5 pg/ml (2.0-2.9)

Ostereich L, et al. Plos One, 2014



Evaluation of Crimean-Congo hemorrhagic fever virus in vitro inhibition
by chloroquine and chlorpromazine, two FDA approved molecules

O. Ferraris®, M. Moroso ”, O. Pernet“', S. Emonet?, A. Ferrier Rembert?, G. Paranhos-Baccala®,
C.N. Peyrefitte *"*

2 Institut de Recherche Biomédicale des Armées, Unité de Virologie, Lyon, France
b Fondation Mérieux, Laboratoire des Pathogénes Emergents, Lyon, France
“Unité de Virologie Humaine — INSERM U758, Lyon, France

5 3 : 5 - , (b)
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@B Treatment 24hpi @ Treatment 24hpi
@8 No Treatment # No Treatment

Viral titer (FFU/mI)
'S
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P
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Time post infection (hours)
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Antivir Res 2015



Confounding by indication

Fresh frozen plasma Thrombocyte suspension

Survived cases fatal cases Survived cases fatal cases

30

40

20
% [ ]
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Graphs by EX Graphs by EX

p=0.002 p=0.001

Ergonul, et al. EMI 2006



Characteristics of Patients with
Crimean-Congo Hemorrhagic Fever
in a Recent Outbreak in Turkey

and Impact of Oral Ribavirin Therapy

Onder Ergoniil, Aysel Celikbas, Basak Dokuzoguz, Sebnem Eren,
Nurcan Baykam, and Harika Esener

Infectious Diseases and Clinical Microbiology Department, Ankara Numune
Education and Research Hospital, Ankara, Turkey

Table 3. Univariate and Adjusted Analysis for Prediction of Death

BRIEF REPORT

patients infected with CCHF virus is suggested, which will be
helpful for future outbreaks.

Patients and methods. Ankara Numune Education and
Research Hospital (Ankara, Turkey) is one of the largest re-
ferral-based tertiary care community hospitals in Turkey. Pa-
tients with acute febrile syndrome characterized by malaise,
bleeding, leukopenia, and thrombocytopenia were admitted to
our clinic during the spring and summer of 2002 and 2003.
Patients who had IgM antibodies or PCR results positive for
CCHEF virus in blood or tissue specimens were included to the

stndv Written informed consent was obtained from natients

Clin Infect Dis 2004

Univariate Analysis Adjusted Analysis
Factor OR (95% Cl) PValue OR (95% Cl) PValue
SSi 2.49(1.82-3.41) <.001 3.27 (2.09-5.13) <.001
Ribavirin use 0.68(.23-1.93) 470 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; 55|, severity scoring index.

Clin Infect Dis 2013



MAJOR ARTICLE

Severity Scoring Index for Crimean-Congo
Hemorrhagic Fever and the Impact of Ribavirin

and Corticosteroids on Fatality

Basak Dokuzoguz,' Aysel Kocagiil Celikbas,' Sebnem Eren Gdk,' Nurcan Baykam,' Mustafa Necati Eroglu,’ and

Onder Ergdniil®

'Clinical Microbiology and Infectious Diseases Clinic, Ankara Numune Education and Research Hospital, Ankara, and “Infectious Diseases and Clinical

Microbiology, Kog University, School of Medicine, Istanbul, Turkey

Table 2. Effects of RBV and Additional Therapy on CFRs Among Patients With Crimean-Congo Hemorrhagic Fever, Stratified by SSI

CFR, % (Proportion of Patients), by RBV Status CFR, % (Proportion of Patients), by CS Status
SSI, Disease Severity RBV No RBV FPValue CS No CS FPValue
0-2, mild 0(0f77) 0 (0/26) 0 0 (0/103)
3-9, moderate 1.49(2/134) 17 (3/18) 001 4(1/28) 1(1/1086) 308
10-13, severe 67 (16/24) 100 (2/2) 326 50 (8/16) 100 (8/8) 014

Abbreviations: CFR, case-fatality rate; CS, corticosteroid; RBV, Ribavirin; 551, severity scoring index.

Clin Infect Dis 2013




The Role of Ribavirin in CCHF

w2 viremia

EARLY
PHASE

JAST and ALT

/

Incubation
3-7 days

Prehemorrhagic period
1-7 days

I | LATE I CYTOKINES
-1 | PHASE 7 —
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nvavascular |1 N\ L
_Coagulation | o°
! ~
el 1 .
cen.. PR
Fatality
] —
10d days
T Hemorhagic | [Comaesenc
Leperiod.
g aye

Ribavirin could be more effective in early phase

Ergonul O. Treatment of CCHF, Antivir Res 2008




PAPER

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 CCHEF
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



VHF Human to human transmission
Ebola High
Marburg High

Lassa Moderate
S.America Low

Hantaan No

RV No

CCHF High

Yellow fever | No

Dengue No

Omsk Not reported
Kyasanur Not reported
Alkhumra Not reported




Hand hygiene and use of PPE based
on risk assessment

Always before and after patient contact, and after contact with
contaminated environmental surfaces or equipment

If direct contact with patient’ s blood and body fluids, secretions, excretions,
mucous membranes or non-intact skin

If there is a risk of spills onto the health-care worker’ s face

iy




Crimean-Congo Hemorrhagic Fever among Health Care Workers
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Crimean-Congo Hemorrhagic Fever among Health Care Workers

B TUR: Turkey (50 cases)
B PAK:- Pakistan (44 cases)
DEL: Garmany (18 cases)
IRM: Iran (12 cazas)
IMD: India (8 cazag)
RUS: Aussia (B cazes)
ZAF: South Africa (8 cases)
TJK: Tajikiztan (7 cazas)
- ARE: United Arab Emirates (5 casss)
-3 MAT: Mauritania (5 cases)
> 20y KAZ: Kazakhetan (5 cases)
LA | SDM: Sudan (3 casas)
) ALB: Albania (1 cass)
ESP: Spain (1 casa)

S ¢
N DDXJ I DRIy
M st group M Znd group I 3rd group

Ergonul, et al, in press
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B TUR: Turkey (19 cases)
B PAK: Pakistan (17 cases)
M IRN: Iran (12 cases)
ZAF: South Africa (9 cases)
RUS: Russia (8 cases)
TJK: Tajikistan (7 cases)
g ARE: United Arab Emirates (5 cases)
. MRT: Mauritania (5 cases)
o KAZ: Kazakhstan (5 cases)
=7 IND: India (3 cases)
i) SDN: Sudan (3 cases)
AL DEU: Germany (2 cases)
ALB: Albania (1 case)
ESP: Spain (1 case)
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Crimean-Congo Hemorrhagic Fever among Health Care Workers

High risk
exposure

n=175

no PEP
n=109 (62%)

PEP Ribavirin no PEP detail

n=11 (6%)*

n=55 (31%)

Not infected
n=12 (11%)

Infected
n=97 (89%)

Not infected
n=51 (93%)

Infected
n=4 (7%)

/—Iﬁ

~

symptomatic asymptomatic symptomatic asymptomatic
=] 9 = 9
n=3 (75%) n=1(25%) n=96 (99%) n=1 (1%)
) Y,
" Ribavirin <48 No ribavirin no ribavirin
Fatal hrs after <48 hours after detail within
) symptoms symptoms first 2 days
n=0 (0%) n=21 n=53 22
n=
N\

submitted



Ribavirin use among Health Care Workers

FEF No FEF
Study Infected Non-Infected Infected Non-Infected Odds Ratio OR  95%-Cl
Altat (1998) 0 2 3 4 — 0.26 [0.01; 7.27]
Celikbas (2015) 0 2 7 0 0.01 [0.00; 0.87]
Conger (2015) 2 14 0 2 — 0.86 [0.03; 23.84]
Guner (2014) 0 6 1 0 : 0,03 [0.00; 1.90]
Pooled Estimate (four studies) 2 24 1 6 — 0.05 [0.01; 0.26]
Ponled Fatimate (all shudies) 4 Ei OH 12 | ——p— | | I 001 [0D.00; 0.03)
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Figure 2 (A). Two step meta-analysis for effectiveness of PEP against CCHF infection.

Early Ribavirin  No Early Ribavirin

Study Fatal Survived Fatal Survived Odds Ratio OR 95%-CI
Celikbas (2015) 0 5 1 1 0.09 [ 0; 3.59]
Naderi (2011) 0 2 1 0 0.07 [ 0; 5.49]
Pooled Estimate (two studies) 0 7 2 1 0.04 [ 0;1.33]
Pooled Estimate (all studies) 0 20 24 33 0.03 | 0; 0.58]
| ] | |
0 01 1 10 1000

Favors Early Ribavirin  Favors No Early Ribavirin
Figure 2 (B). Two step meta-analysis for effectiveness of early ribavirin use for survival in

CCHEF infection.
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