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.b_. Bunyavirales

Crimean Congo Hemorrhagic Fever
Severe Thrombocytopenic Fever Syndrome
Rift Valley Fever
Hantavirus infection

Lanka virus (Muthusinghe DS, 2025)
Sin Nombre virus

Sandly Fever
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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 iliness

Fever, Headache,

Myalgia, Nausea

Hemorrhagic phase

« Petechiae
« Hematomas/ecchymosis

* Hemorrhage from nose,
gastrointestinal and
urogenital sites

Risk factors for death

T Inflammatory cytokines
T Liver enzymes

l Platelets

T Viral loads

— Antibody responses

Feldman, 2018
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Sahan S, Topluoglu S, Temel F, Cosgun Y, Oz E, Demirkol ME, Birinci S. Evaluation of epidemiological
characteristics of Crimean-Congo haemorrhagic fever patients reported to the National Surveillance
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Distribution of Cases in Turkiye
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Fig. 3. Incidence rates (per 100,000) of CCHF by province, Tiirkiye, 2011-2024 A choropleth map showing cumulative case counts per province, with darker shading
representing higher incidence. Data aggregated from the national CCHF Information System (2011-2024). Provincial boundaries obtained from the Turkish Sta-
tistical Institute.

Sahan S, Topluoglu S, Temel F, Cosgun Y, Oz E, Demirkol ME, Birinci S. Evaluation of epidemiological
characteristics of Crimean-Congo haemorrhagic fever patients reported to the National Surveillance
System in Tiirkiye, 2011-2024. Acta Trop. 2025
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z‘ .:‘ Prospective Prediction Tool for Turkey
. - (a) (a)

§ '

Total number of case:

o 8 83 88 3
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PREDICTORS & THE COVID-19 EFFECT

=
_Ecological & — The COVID-19 Pandemic Surge 0
Climate Predictors Reverse migration from cities to rural
areas increased human exposure to ticks.
&g Temperature,
Humidity

Livestock
Density ——
affecting

Tick Activity

AR
0

(— Forecasting Model
Discrepancy
[ P ] Model underestimated

#1 2021 cases (972 predicted
4 vs. 1,314 observed) due
to mobility shifts.

/

Total Cases
witha 4.8%
Fatality Rate

Men accounted
for 63.8% of
cases, witha
mean patient
age of 45.3.

A
w’-‘;".
A

Annual Burden & Peak Period

2021: 1,314 Cases
(7. 05% Peak CFR)

553 Caées
(4.8% CFR
Average)

2017 2021 2024

Regional Concentration
in Eastern Anatolia
Erzurum remained the
dominant hotspot, with
cases peaking during spring
and summer.
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2021 Spatial Shift to
Central Anatolia

Incidence surged in Sivas
and neighboring provinces,
deviating from established
geographic patterns.

Crimean-Congo
Hemorrhagic Fever
Epidemiology

(2017-2024)

Karanfil O, et al. Int J Infect Dis 2026



Ficedula parva ly
ringed: 13 sept
recaptured: 24 sept
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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-Congo
Hemorrhagic
Fever Virus in

Ticks, Southwestern
Europe, 2010

This finding suggests the
circulation of CCHFV in southwestern
Europe. The close affinity of the strain
from Spain with strains circulating
in western Africa and the lack of
similarity with isolates from eastern
Europe suggest the introduction of this
virus fromnearby countries of northern
Africa. Migratory movements of birds
could explain the presence of the virus
in southwestern Europe because birds
are common hosts of immature H.
marginatum, which was reportedly
introduced into Europe through
annual migratory flights along the
western coast of Africa (/0). Because
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Estrada-Pena, Emerg Infect Dis 2010




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




’d 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
cattle and horses 3 farms

Hérault l
A Y 0/436|

0 oraes | o Sl s with horses.
) l ITALY
‘ wgrén&sOn_erz\;azl;s Q )
SPAIN l ant e, o Bernard C, et al.. Euro Surveill. 2024
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( Headache |
Fever
Musculoskeietal pain
___Voewar ) Gingial bieeding
Gingival bleeding Bloody dlarhoea CCHFVRNA | |
} Genltal bieeding Profuse m‘ | detected In biood |
Petechial rash
Tick Infestation
[ o= ]
Y |
|
(ow ) (owe] () (o] (o ] (=0
Incubation period 5 ! < ’ Transferto ICU
yous (i the aink\ ’ [
i M:;::' )= for Infectious Resplratory suppoﬂ] [Resmmocy WJ
diseases Skopje s L/min 15 L/min
. I = {
Ceftriaxone 2 g dally Ceftriaxone 2 g dally
Daxycycline 100 mg twice dally Fluconazole 100 mg daily
Dexamethasone 4 mg dally Clprofioxacin 400 mg twice dally
Nadroparin 5,700 IU twice daily 6 units of platelets
2 units of FFP 10 units of cryoprecipitates
2 units of FFP
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Case 1 in arural 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

[buigaria | 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 6/17 1/1 1/3 1/2 13/63 (23%)

. ECDC: end of 2025
KOC UNIVERSITY iSBANK CENTER FOR INFECTIOUS DISEASES
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"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. e West Nile

The first step is CBC * Chikungunya

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

e EBV

The History of tick bite, location

KOG UNIVERSITY iSBANK CENTER FOR INFECTIOUS DISEASES
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= = = Platelets
White blood cells
= fispartate aminotransferase
s filanine aminotransferase
PCR: first 9 days
A IgM (7 days—4 months) and IgG (7 days-5 years)
I I :
I Myalgia I Bleeding from various sites |
: T : {haematemesis, melena, etc.)
“ | Mausea, vomiting | somnolence
N | Diarrhoea |
el I
RN I
I - I
I * I
i N I
I * . I
I ® . I
I b
| .
I
I
I
I
I
I
|
Incubation Prehaemorrhagic period Haemorrhagic pericd Convalescence
3-7 days 1-7 days 2-3 days

Figure 3: Clinical and laboratory course of CCHF
DiC=disseminated intravascular coagulation.

KOG UNIVERSITY iSBANK CENTER FOR INFECTIOUS DISEASES Ergonul O, Lancet ID, 2006
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Cytokine Levels of Different Severity Groups for
First Five Days

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

QEE, wﬁp, : B;[; P %@!

1*@_‘; 1-

|L10 IL-12 |L10f|L'|2
10000~
% ‘ 10001 [41]!
o
g Esd mild (8 samples)
o IL-13 IL-17a G CSF GM-CSF IFN ¥ B moderate (14 samples)
a M severe (9 samples
& 10.0- 1007 T q00- @ samplee
1.0- .
0.1- & 7
- o 04 ] @
MCP 1 MIP-1b TNFO‘.
10000-

%ééﬁ' %@é. *-“f;?f%ﬂl
CCHF: J Med Virol 2017
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Pathogenesis of Ebola

g ﬁ Ebola virions

Mucosal
membrane
C X X X X X X e 20
( Dendrit
Systemic spread and multiple organ dysfunction o rc'e:::l
= N -
Brain | Spleen
e Encephalopathy | * Cytokine , Lymph Macrophage
: dysregulation / node
( ) [] * Death of
Liver f
Hepatocyte injury.or / lymphocytes —{ -+ [ Immune system dysregulation
dysfunction leading to: o - Impaired l
* Release of liver enzymes = N Tpcell
* Reduced production Kidney activation
of clotting factors * Acute kidney injury \
* Hypoalbuminaemia (?) or ‘?VS[U"C"W‘ OO
* Hypoglycaemia (?) * Fluid, electrolyte
\_ and acid-base Adaptive Innate
= ~ derangement Bcelland T cell Dendritic cells
Gastrointestinal tract % dysregulation * Inhibition
Vomiting and diarrhoea : l of RIG-I
leading to: Skeletal muscle . * Aberrant
* Fluid and electrolyte loss * Muscle injury () > (Y maturation
* Dysrupted acid-base with elevated o © e
balance creatinine Excessive Death of
* Hypoproteinaemia (?) phosphokinase cytokines lymphocytes
.
o a3
Circulatory system l 5
. Ca.\ptllary l'eakage and * Damage to ® @ e ® e ) Ebola
third spacing endothelium e = = 5 e virus disease
* Coagulopathy, leading to * Low blood :(__:d,—_::c—‘;:b @ 2 :
haemorrhagic manifestations  pressure ® (<)
~ = = — g

KOG UNIVERSITY ISBANK CENTER FOR INFECTIOUS DISEASES

Jacob ST, et al. Nat Rev 2020




( Generalized, non-specific manifestations
* Fatigue®
* Weight gain, anorexia, fever, chills, night
sweats and lymphadenopathy®
* Anaemia‘

(8 Psychosocial and/or mental health issues
* Insomnia®
L * Anxiety disorders, depression and PTSD*

N

Central or peripheral nervous system

* Abnormal neurological examination®,
headache® and memory loss®

* Dizziness, paraesthesia, diplopia, vertigo,
ataxia, limb weakness and tremor”

© Meningoencephalitis

* Seizures® and cerebrovascular accident*

" Cardiovascular system
* Abnormal cardiovascular examination**
* Palpitations, chest pain and cardiogenic
oedema®

Urinary tract

* Urinary frequency®

* Urinary urgency, nocturia, dysuria, polyuria
and incontinence”

-
AN
oy

Clinical Sequela of Ebola Virus Disease Survivors

F 3 =)

\ww"o‘ v—

=y

( Reproductive system
* Male: impotence and/or decreased libido and
orchitis”
* Female: decreased libido, amenorrhoea,

Eye and/or vision

{ o Uveitis®

* Loss of vision and diplopia®

» Cataract, blurry vision, light sensitivity, itchy
eye, tearing, eye pain, burning, redness,
dryness, foreign body sensation, floaters and

abnormal odour and abnormal vaginal bleeding®
J

© Linked to EBOV persistence leading
to organ-specific inflammation

S

photopsia )
'd N
i Head, ears, nose and throat ‘
* Hearing loss; tinnitus; ear, nose or throat pain;
and hoarseness”
¢ Aural fullness )
{ R R
+ Respiratory system
* Shortness of breath, cough and/or sputum
production, paroxysmal nocturnal dyspnoea
and wheezing" )
/ = , 2\
 Gastrointestinal system ‘
* Abnormal abdominal examination*'
* Abdominal pain, nausea, change in bowel
habits, melaena and diarrhoea® J
: ” skin )
* Itching and hair changes, with or without
nail changes”
* Alopecia“
. o
75 R

Musculoskeletal system

* Abnormal musculoskeletal examination®?,
arthralgia’and myalgia®

* Joint or muscle stiffness, warmth or effusion®

KOG UNIVERSITY ISBANK CENTER FOR INFECTIOUS DISEASES
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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)

T T T
0 5 10 15
Age by years



Treatment Options

1.Blood products
2.Repurposed drugs

3.Ribavirin
4.Monoclonal antibodies

5.Immunomodulators

KOG UNIVERSITY iSBANK CENTER FOR INFECTIOUS DISEASES




Conceptual overview of disease course and therapeutic windows in viral
hemorrhagic fevers

SupportiVef Treatment

G = Antivirals ) ( Immunomodaulatory drugs )

'_Co}t_i'costeroids‘
IL-1, IL-6 inhibitors

Ribavirin —> CCHF, Lassa fever, HFRS

' okin /
PLT and WBC | °"s§°m,°
S F K

Vll' emia Pro-mﬂammatory >'n
cytokines level 5

IL-1B hRS B ~
Virus IL-6 < S — - Ao
Exposure :E_’:‘Y -~ -z "
MCP-1 ( Organ Damage Markers)

”’ e.g. ALT, AST, CK, etc.
/
= —
/ S
Emmay — — o
Incubation period Prehemorrhagic period Hemorrhagic phase Con;eel:z:’ence

Gulli D, Keske S, Ergoniil O. Viral hemorrhagic fevers - therapeutic trial

: advances and challenges. Expert Rev Anti Infect Ther. 2025
KOC UNIVERSITY iSBANK CENTER FOR INFECTIOUS DISEASES




Blood Products Primary indications

Blood Products in Viral Hemorrhagic Fevers

Standard regimen/considerations Expected outcomes References

Packed Red Severe anemia (Hb <6 g/dL), acute
Blood Cells hemorrhagic shock with tissue
(PRBCs) hypoxia, increase oxygen-carrying

capacity.

Fresh Frozen  Documented coagulation factor
Plasma deficiencies, abnormal coagulation
(FFP) tests (prolonged aPTT) with active

bleeding, liver disease, DIC.

Platelets Significant thrombocytopenia (PLT
<20,000/pL is predictor of fatal
CCHF outcomes) to prevent
spontaneous bleeding or stop
active hemorrhage.

Cryoprecipitate Fibrinogen replacement

(hypofibrinogenemia or
dysfibrinogenemia) in actively
bleeding patients or high
hemorrhage risk.

Balanced Massive hemorrhage (loss of > 15%
Transfusion total blood volume or hemorrhagic
Strategy shock).

(PRBCs, FFP,
Platelets)

KOG UNIVERSITY iSBANK CENTER FOR INFECTIOUS DISEASES
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Dosage adjusted based on clinical

Typically, 10-20 mL/kg (raises factor levels Restores coagulation factors.

Guided by careful clinical assessment of

Prevent tissue hypoxia. Rarely the primary [8,12,13]
cause of death is direct blood loss in
VHFs.

response and ongoing/anticipated

blood loss. Restrictive transfusion

thresholds (Hb 7-8 g/dL) often
supported.

[8,13,14]

by =20%). Contraindicated for simple volume
expansion, protein supplementation, or
coagulopathy without active bleeding/
impending procedure.

Improves platelet count and hemostatic
function. Routine prophylactic platelet
transfusion is generally NOT
recommended (e.g. in Dengue) due to

limited efficacy and side effects.

[8,13,15-17]
bleeding, not solely platelet counts.

It can increase the platelet count by
approximately 30,000-60,000/pL per
apheresis unit or a pool of 4-6 units

Fibrinogen <2 g/L in life-threatening Provides fibrinogen, Factor VIIl, vWF, [13,18,19]
bleeding; < 1 g/L with microvascular Factor XIII.
bleeding. Typical dose: 1 unit per 10 kg
(approx. 10 units for adult) to increase
fibrinogen by =0.5 g/L.
Ratios typically 1:1:1 to 2:1:1. Control life-threatening bleeding. [8]

Gulli D, Keske S, Ergéniil O. Viral hemorrhagic fevers - therapeutic trial advances
and challenges. Expert Rev Anti Infect Ther. 2025



Current Treatment of Viral Hemorrhagic Fevers

Viral Antivirals Immunomodulator drugs

hemorrhagic Monoclonal

fever Ribavirin Favipiravir Other antivirals Steroids IL-Inhibitors antibodies

Ebola virus No study Beneficial in a retrospective Remdesivir in No study No study mAb114, REGN-EB3

disease study; no effect on non- clinical trial; showed survival

randomized clinical trials some benefit benefit in clinical
[37-39] [33] trial [32]

Marburg virus ~ No study No major clinical trial None No data No data Nothing approved,

Crimean-Congo  Observational studies and ~ Compassionate use only,  None Potential benefit in No trials Human mAbs

Hemorrhagic meta-analysis show no RCTs severe cases [82]; no under study; no

Fever benefit, especially when RCTs clinical trials yet
given early [81,82]

Ssa fever servational studies show  sma se-1l study 1 None NG data 0 data romising
mortality benefit, conducted; results are Arevirumab-3
especially when given pending [69] cocktail, clinical
early [65,66] data is needed

(71]
Dengue fever  No study No completed clinical trials; Celgosivir and Used in severe Not routinely  No approved mAbs
limited data balapiravir was dengue; mixed used

tried in RCTs, no  evidence [97-99]
benefit [93]

Yellow Fever No clear benefit Not studied None No data No data Demonstrated
good tolerance
in phase | a/b
clinical trial [118]
Rift Valley Fever No clinical study Not studied None No data No data No approved mAbs
Hantavirus Effective in HFRS, especially No data None Used in severe HPS; no No trials No approved mAbs
when given early [132], controlled trials
not in HPS [134,135]
Other No clinical study No clinical study None No data No data No clinical mAbs
Arenaviruses

Gulli D, Keske S, Ergéniil O. Viral hemorrhagic fevers - therapeutic trial advances

KOC UNIVERSITY iSBANK CENTER FOR INFECTIOUS DISEASES and challenges. Expert Rev Anti Infect Ther. 2025
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,b_' Re-purposed Drugs

Ebola
Favipiravir
Brinsidofovir
Remdesivir

CCHF
Favipiravir
Remdesivir
Molnupiravir
Nirmetralvir
Monoclonal antibodies

KOG UNIVERSITY ISBANK CENTER FOR INFECTIOUS DISEASES




OPEN 8 ACCESS Freely available online @-PLOS ‘ TROPICAL DISEASES

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'?®, Melanie Neumann?, Christian Bernreuther?, Maria Lehmann'-,
Susanne Krasemann?®, Stephanie Wurr'?, Petra Emmerich'?, Xavier de Lamballerie®,

Stephan Olschliger'"", Stephan Giinther'?7*

1 Departrnem cnf ‘u‘irology, Bemhard Nocht-Institute for Tropiml Medicine, Harnburg, Gerrnany, 2German Centre for Infection Research [DZIF], Hamburg, Gerrnan)r,

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

Ostereich L, et al. Plos One, 2014



Favipiravir (T-705) is more effective in vitro and in vivo

Ribavirin Arbidol T-705
100+
L -& \irus titer (FFU/mI)
10/ B Cell viability
" 104 % 14
0.1
14
0.014
0.1 T T T 0.0001 T T T 1 0.001 T T T 1
2 -1 0 1 . -1 0 1 2 -2 -1 0 1 2
Log, conc. (ug/mi) Log,, conc. (pg/ml) Log,, conc. (ug/mil)
Ribavirin (n=2) Arbidol (n=3) T-705 (n=2)
1Csq 2.8 pg/ml (1.9-3.7) 0.6 pg/ml (0.08-1.2) 1.1 pg/mi (1.0-1.1)
1Cq 4.7 pg/mi (4.6-4.8) 1.2 pg/mi (0.2-2.4) 1.6 pg/mi (1.5-1.7)
1Cqg 9.5 ug/ml (5.8-13.2) 2.0 pg/ml (0.5-3.8) 2.5 pgimi (2.0-2.9)

Ostereich L, et al. Plos One, 2014



A Blood B Oral Swab C MNasal Swab

. Efficacy of favipiravir (T-705) against Crimean- > e o - e
Congo hemorrhagic fever virus infection in e S - z ,62
= 5 . & o
cynomolgus macaques g, T 2, 2,
2 = S AN 3 < o
David W, Hawman * B &, Elaine Haddock 2. K mberly Meade-White 2, Glenn Mardone ®, Friederike Feldmann ? E_ 3 1 -}x""-u..__::\ % 3 . .-f"? %; 3 /z")—---
Patrick W. Hanley *, Jamie Lovaglic ®, Dana Scott ?, Takashi Komeno £, MNozomi Nakajima ©, Yousuke Furuta ©, Brian 5 2 H-% E:':J Y , ? L.;;} 2 x:__.-"'+__—_
B. Gowen °, Heinz Feldmann * 2 & % 1 % 1‘_-‘:'-':-.:"?._'___ -__-___q_'"_i % '1-_..s'—"-'"-_f- ....... 3
0 0 —— s 1] — S —
01 2 3 4 5 68 7 B 01 2 3 4 5 6 T B o1 2 3 4 5 & T B8
Once- or twice-daily favipiravir suppressed D L E o o
viremia and viral shedding in CCHFV infected 2 oraens - o
macaques. o, °
: wof,
Viral loads within key tissues of favipiravir- 3 2 ON g j
treated animals trended lower than in ° I B B B
placebo-treated animals. >~
& 7 8 o1 2 3 4 5 6 7 8

oPl

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

Antivir Res 2020
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N
FACS isolation of single mAD expression in yeast Panel of 361 mAbs Antigen-binding
viral antigen-positive B cells analysis
Characterization and selection of lead candidate mAbs and mAb combinations
ek
LW
&
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»

Mapping of antigenic sites
on structural model of glycoprotein

Identifying potent
and broad neutralizers

Uncovering synergistic
mAb combinations

Engineering of highly potent bispecific antibodies and evaluation of therapeutic efficacy

Q\ & %@ g AT —‘@'}@:
Dayo N W, Day1 HE v
@ ey T ||V
@ w. *.vj @ P 7
%@ = \ ¥ W
® >

Bispecific antibodies with
enhanced neutralization potency

Evaluating mAbs and bispecific Abs
in mouse challenge modeis

Bispecific Ab but not mAbs or
combos confer therapeutic protection
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Cell QA |

ne 184, Issue 13, 24 June 2021, Pages 3486-3501.¢21 CelPress!

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

ndi ** .., Kartik Chandran

361 monoclonal antibodies against CCHFV
glycoproteins isolated from human survivors

ePotent and broad neutralizers targeting six
antigenic sites in Gc identified

eSpecific combinations of noncompeting
antibodies afford synergistic neutralization

eBispecific antibody combining synergistic
antibodies confers therapeutic protection

Cell 2021



Structure of CCHFV glycoprotein complex

ANDV Gn Ectodomain (Hantavirus)  CCHFV GP38-Gn Ectodomain AlphaFold2 Prediction (Nairovirus)

. GP38
~ D B
+ N [ PO ( a-Helical Bundle + Domain A)
Head
MdK)|  GnHead
,‘ﬁ” (Domain B + B-ribbon)
oy
V562C <_;%9\¢.sc,1
Base N
29A
! MPER
: )
' :

--------------------------------------------------------------------------------------------------------------------

McFadden E, et al. Cell. 2025
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Engineering and structures of CCHFV glycoprotein complexes

Engineered GP38-Gn Crystal structure of
heterodimer GP38-Gn"os

(Domain A)

Cryo-EM structure of  Vaccination and antigenic
GP38-Gn"PS-Gc characterization

P/ ¥

GP38-Gn"Ps-Ge CCHFV-IbAr10200

, McFadden E, et al. Cell. 2025
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Crimean-Congo Hemorrhagic Fever: Reinfection, Humoral and Cellular Immune Responses
Pinarlik et al. | The Journal of Infectious Diseases

Study Population: Adult survivors with PCR-proven CCHF history admitted to the two hospitals in an epidemic center

() |
B : - 3 )/'
A 4 }/‘ “ "& Investigation of anti-CCHFV
o — antibodies by ELISA
= \§~ ; - ;’
il = N = B - S 2 ) -
BEREE u erum: S
B - Collection N
Hospital A Hospital B \
L n=1056 n=1076 Investigation of neutralizing antibodies
g by plaque assay

. - Researchers contacted
== CCHF Survivors for the study

n=2132 s N 22
¥ \5 . i Go3g Stimulation od
| CCHEF Survivors J Ng withviral —p Investigation of antigen
volunteered for the PBMC L antigens = |8] ™ specific memory T cells by
stud flow cytomet
, l <3 1364 Collection OTUP?2 Cytometry
e )/, Anti-CCHFV » Significant degranulation, evidenced by CD107a
Ys = , = IgGwas Neutralizing expression, was detected, highlighting activation
= 5 detected in all antibody levels of robust cytotoxicity among survivors
b - decrease by ; ;
) y but one ; « The absence of antigen-specific IFN-y and TNF-a
7" o participant time : 2o :
N production suggests limited role for cytokines

Conclusion: Humoral and cellular immune memory can be detected up to 13 years after Crimean-Congo hemorrhagic fever infection.
Immune protection fades and reinfection is possible in rare cases.

KOG UNIVERSITY ISBANK CENTER FOR INFECTIOUS DISEASES Pinarlik F’ etal. (Smeltted)




JCI The Journal of Clinical Investigation

Human antibody targeting Crimean-Congo hemorrhagic fever virus
glycoprotein 38 protects mice against heterologous virus challenge

Gce-specific antibodies to diverse antigenic sites neutralized only weakly and did not protect
against heterologous virus challenge.

GP38-specific antibodies bound to two dominant antigenic sites on the glycoprotein.
Although GP38-specific antibodies did not neutralize the virus, one mediated protection
against heterologous virus challenge in an experimental model of infection in mice
primarily by complement-mediated activity.

These studies support the model of development of CCHFV countermeasures that induce
protection against GP38 in vivo.

Chapman NS, Borisevich V, Kose N, Myers L, Priest S, Bergeron
E, Trigo Esteban E, Sanchez-Seco MP, Melero J, Geisbert T, Cross

KOC UNIVERSITY iSBANK CENTER FOR INFECTIOUS DISEASES RW, Crowe JE Jr.. J Clin Invest. 2026
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’d Ribavirin

Arenaviridae

Lassa Fever
South America HF
Bunyavirales
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Rift Valley
CCHF
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'd 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 value is 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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’b'. Time zero is vital in infectious diseases

Exposure Point: This is the true beginning of the history. First moment of contact
with a pathogen (e.g., tick bite, contact with an infected person, or consumption of
contaminated water)

The incubation period of the disease can be calculated accordingly

Onset of Symptoms: In the patient's history, "time zero" is usually taken as the
moment the first symptoms are felt. Epidemiological curves (epi-curves) are plotted
relative to this point. If this point is misremembered (recall bias), calculations about
the source of the outbreak can be completely skewed.

Clinical Threshold and Presentation: For the healthcare system, time zero is the
moment the patient walks through the door.

KOG UNIVERSITY ISBANK CENTER FOR INFECTIOUS DISEASES
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,b‘. Immortal Bias

The Crimean-Congo Hemorrhagic Fever (CCHF) and Ribavirin Controversy
(International Breakthrough)

Conclusion: Analyses using this method have clarified that ribavirin is actually
effective not in every case, but especially when started early (within the first 4
days), and does not make a significant difference when started late.

"Target Trial Emulation”
The best way to avoid immortal time bias when analyzing observational data is to
fix the "time zero" as if you were conducting a Randomized Controlled Trial (RCT).

Rule: If a patient meets the inclusion criteria for the study on day 3, their data
should only be processed from day 3 onwards.

KOG UNIVERSITY ISBANK CENTER FOR INFECTIOUS DISEASES
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Severity Scoring Index for Crimean-Congo Table 1. Characteristics of SSI Parameters for Crimean-Congo
Hemorrhagic Fever and the Impact of Ribavirin Hemomrhagic Fever
and Corticosteroids on Fatality

55| Parameter Score

Basak Dokuzoguz,' Aysel Kocagiil Celikbas,' Sebnem Eren Gok,' Nurcan Baykam,' Mustata Necati Eroglu,’ and 3
Onder Erginif Platelet count, x10° platelets/mm

"Qinical Micraticlogy and Infectious Diseases Clinic, Ankara Numune Education and Ressach Hospitl, Arkara, and “infectioess Diseases and Clinical -1 '| 5]:]
Mcobiology, Kog Uanessity, School of Medicine, Istanbul, Turkey

70 49-20

® Death <20

60 » Survival — aPTT, sec

<34

50 35-45
46-59
=60

Fibrinogen level, mg/dL
>180
179-160
1569-120
<120

Bleeding

10 4 No

Petechia

0 - Ecchymosis

0 1 2 3 4 5 6 7 8 9 10 11 12 13 Bleeding

SSI Somnolence

Clin Infect Dis 2013 s
Yes 1

W M= o

W M= O

W M= o

W M= o

KOG UNIVERSITY iSBANK CENTER FOR INFECTIOUS DISEASES
Y S



Table 3. Univariate and Adjusted Analysis for Prediction of Death

Univariate Analysis Adjusted Analysis
Factor OR (95% ClI) PValue OR (95% ClI) 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; SSI, severity scoring index.

Dokuzoguz B, et al. Clin Infect Dis 2013
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Utility of anakinra in CCHF with haemophagocyctic lymphohistiocytosis

256 -
13years old,
128 + 2
14female

64 + 1
E
o 32 4
—
=
= 16 4
Q.
2 3
S
i
B3
Q % o
S

2 A 1.IVIG + dexamethasone
2.Anakinra
1 -
0,5
1 2 3 4 5 6 7 8 9 12 15 18

DAYS

e WBC e PLT

. Celik U, et al. Trans R Soc Trop Med Hyg. 2025
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« Figure 7. Forest plot of subsidiary descriptive analysis: ribavirin versus no ribavirin, outcome: mortali

Ribavirin Mo Ribawirin Risk Ratio Risk Ratio
Study or Subgroup Events Total Bvents Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
3.1.1RCT Cochrane
Koksal 2010 4 g4 4 72 100.0% 1.13[0.29, 4.32] = M
Subtotal (954% C1) 64 2 100.0% 1.13 029, 4.32] LI b ra ry
Total events 4 4 Cochrane Database of Systematic Reviews

Helerogeneity: Mot applicahle
Testfor overall effect: £=0.17 (P = 0.86)

3.1.2 Non-randomized studies (serious risk of bias)

Eodur 2011 210 B 40 15.8% 1.33 [0.32, 5.64] —_—

Diokuzoguz 2013 18 23§ g 46 37.4% 0.70[0.28, 1.80] —a—

Elaldi 2009 9 126 11 92  46.9% 0.60 [0.26, 1.38] —a—

Subtotal (95% CI) 371 178  100.0% 0.72 [0.41, 1.28] - ) .. ) ) )
Total events - 22 Ribavirin for treating Crimean Congo haemorrhagic fever
Heterageneity: Tau®= 000; Chi*= 0.90, df= 2 (P = 0.64); F= 0% (Review)

Testfor overall effect. Z=1.11 (P=0.27)

3.1.3 Non-randomized studles (crivical risk of blas) Johnson S, Henschke N, Maayan N, Mills 1, Buckley BS, Kakourou A, Marshall R
Alavi-Mani 2006 37 238 12 19 20.6% 0.25 [0.16, 0.39] —

Belet 2014 1 38 0 15 3.8% 1,20 [0.05, 27.94]

Cenik 2008 (1) 5 ] 7 16 17.2% 1.27 [0.57, 2.84] S

Ergonul 2006 (2) 1 22 3 23 B5.9% 0.35 [0.04, 3.10]

Ertugrul 2008 117 0 9 40% 1.87 [0.07, 37.21]

Ozkurt 2006 2 12 4 3| 101% 0.86 [0.17, 4.34] —_——

Sannikova 2009 4 264 18 140 14.7% 0.12 [0.04, 0.34] —

Tasdelen Fisgin 2009 3 4 3 11 11.2% 0.27 [0.06, 1.15] A

Tulzk 2012 1w g 152  7.5% 0.21 [0.03, 1.64]

Tuwgun 2012 123 0 27T 3.9% 3.50[0.15, §1.99]

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

Total events a6 ki)

Helerogeneity: Tau®= 04848, Chi®= 2122 df=9{F=0.01); F= 58%
Testfor overall effect: £= 237 (P=0.02

0.0 01 10 100

. . Favours ribavirin - Favours 1o ribavirin
Testfor subgroup differences: Chif= 2.05, df=2 (P =0.36), F=23%

Footnotes
(1) Severe cases
(2) Severe cases
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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 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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@ Predictors of ICU Admission

A. B. 250

g™ - 18centers, 1103 lab
150 w— confirmed cases
1o = (2019-2024)

50

200

0

2019 2020 2021 2022 2023 2024 H H (o)
= e e |CU Admission 8%

recovered recovered mortasity mortality

from hospital from ICU atIiCU  athosptal ® Case fatality rate 5.1%

Table 3
Time-dependent Cox regression model evaluating the effect of early ribavirin
administration on in-hospital mortality truncated at 30 days

Variables aHR 95% CI p value Gillu D, et al. Key predictors
of mortality in Crimean-

Being a female 0.611 0.323—-1.153 0.128 .

Age (>50y) 2.565 1.241-5.301 0.011 Congo haemorrhagic fever: a
Being a farmer 0.604 0.328—1.114 0.106 retrospective multicentre
Diabetes mellitus 2.708 1.278-5.739 0.009 cohort study.

Chronic heart disease 1.242 0.481—3.208 0.654

Hypertension 0.951 0.404—-2.239 0.909

Ribavirin initiation within <96 h 0.214 0.066—0.694 0.010 Clin Microbiol Infect. 2025
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;: : VHF Human to human transmission

Ebola High
Marburg High
CCHF High
Lassa Moderate
Orthohantavirus Low

Rift Valley Fever No
Yellow fever No
Dengue No

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,
* 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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Maternal and fetal
outcomes of

Crimean-Congo
hemorrhagic fever in
pregnancy:

an individual patient data
meta-analysis

Donk B, et al.
ESCMID Global 2026
Emerg Infect Dis 2026, October




Maternal and fetal outcomes of CCHF in pregnancy

KOG UNIVERSITY ISBANK CENTER FOR INFECTIOUS DISEASES

Persistent risk of
Maternal CFR hemorrhage and o|<>
Fetal CFR
( _
Immunological/ oty bsscmomoiang Relative anti- Procoagulant phase ™ Continued
Hematologk;'.:l Aspect racade oo " inflammatory period "‘°'°°°°" risk of hypercoagulable state
> o
A\ — -é’-‘r
Used in 3 cases Potential matemnal No teratogenic
Mﬁl‘l -1 maternal death survival benefit > concern after
delivery
Transmission

Donk B, et al. Emerg Infect Dis 2026




Ribavirin Use in Pregnancy

Table 1. The association of ribavirin usage on maternal mortality in pregnant patients infected with CCHF

N (%) Maternal mortality, OR 95% CI p-value
N (%)

Total cohort 52 (94.5) 15 (28.8)

No ribavirin 29 (67.4) 9(20.9)

Ribavirin 14 (32.6) 1(2.3) 0.171 0.019-1.513 0.112
First trimester 6(11.5) 0 (0)

No ribavirin 6 (100) 0 (0)

Ribavirin 0 (0)
Second trimester 16 (30.8) 3(18.8)

No ribavirin 13(81.2) 2 (66.7)

Ribavirin 3(18.8) 1(33.3) 2.750 0.162-46.8 0.489
Third trimester 14 (26.9) 5(35.7)

No ribavirin 8 (57.1) 5(100)

Ribavirin 6 (42.9) 0 (0) 0.333 0.132-0.840 0.031

KOG UNIVERSITY ISBANK CENTER FOR INFECTIOUS DISEASES
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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

* |f 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

— (’-’"
¢
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Contents lists available at ScienceDirect

International Journal of Infectious Diseases

INTERNATIONAL SOCIETY
FOR INFECTIOUS DISEASES

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

Perspective

ot

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.

1JID, 2015



,tf Nosocomial Infection in Tajikistan, 2009

Index case

50, male, FATAL

Physician Wife Brother 39 contacts
47, m, FATAL 47, m, survived 42, m, FATAL 27 HCWs

Ergonul O, et al. WHO report, Tajikistan 2009
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Crimean-Congo
Hemorrhagic Fever
among Health Care
Workers, Turkey

Aysel Kocagul Celikbas, Basak Dokuzoguz,

Nurcam Baykam, Sebnem Eren Gok,
Mustafa Necati Eroglu, Kenan Midilli,

Herve Zeller, and Onder Ergonul

Table 1. Clinical and laboratory findings of HCWs in whom Crimean-Congo hemorrhagic fever developed after occupational exposure,

Turkey, 2004—-2011*%

Body Leukm:gtes! Platelets/

HCW, outcome temperature, °C Bleeding mim mm?® AST ALT APTT  Fibrinogen S5l

1, survived 38.5 MNo 800 42 000 425 346 44 225 Moderate
2, survived 37.2 Mo 1100 53,000 145 a1 43 270 Mild

3, died 40.5 Ecchymosis, 11,100 40,000 251 277 90 171 Severe

hematemesis,
melena,
hematuria

4. survived 40.5 Mo 2900 78,000 150 110 374 250 Mild

5, survived 39 Epistaxis 1,800 58,000 167 129 64 218 Moderate
6, survived 40.5 Mo 1,800 44 000 123 216 40.5 165 Moderate
7. survived 39.1 Mo 3,100 13,000 418 132 409 170 Moderate

*HCW, health care worker; AST, aspartate aminotransferase; ALT, alanine aminotransferase; APTT, activated partial thromboplastin time ; S51, severity

score index.

TReference values: leukocytes, 4,000-1 1,DﬂD.fmm3; platelets, 15{J,DDD—45[I,H]EI-DI|'r1m3; AST, =50 IUFL; ALT, =50 IU/L; APTT, 24-36 sec; fibrinogen, 200—

400 ma/dL.

Emerg Infect Dis 2014



Table 2. Demographic features of HCWs with occupational exposure to Crimean-Conger hemorrhagic fever virus, Turkey, 2004-2011*

Ribavirin for
Episode, HCW age, postexposure  Ribavirin for therapy (no. d
outcomet y/sex/profession Procedure Transmission route  prophylaxis after symptom onset) Fatal
Episode 1, 36/M/nurse Wound care Contact with MNo Yes (D) Mo
survived, her surgical wound
baby died without protective
equipment
31/Finurse Intubation, Aerosol and droplet No [ [] Mo
aspiration and contact without
protective
equipment
Episode 2; died 28/F/nurse Philebotomy Needlestick MNo Yes (3) Yes
Episode 3; died 41/M/physician Resuscitation Aerosol and droplet — Yes (D) Mo
26/M/physician  Nasal tamponade Indirect contact - Yes (D) MO
29/M/physician  Nasal tamponade Indirect contact — Yes (D) MNO
Episode 4; 30/M/nurse Phlebotomy MNeedlestick No Yes (1) No
survived
Episode 5; 30/F/nurse Phlebotomy MNeedlestick Yes - MO
survived
Episode 6; 24/Fiphysician Philebotomy Needlestick Yes - MO
survived

*HCW, health care waorker; —, ribavirin not necessary.
TOutcome for the index case-patient in each episode.

478

Emerging Infectious Diseases - www.cdc.gov/eid = Vol. 20, No. 3, March 2014

Emerg Infect Dis 2014



Eline igne batan 18 yasindaki Kiibra KKKA dan oldu

14/06/2009 0200 A‘*A-

Kirsal kesimde, 1200 kdyde can alan KKKA bu kez
geng saglik teknikerini dldiirdii. Hastayla ilgilenirken
eline igne batan Kiibra Yazim kurtarilamadi

Haber: ISMAIL TEMIZ / Arsivi
MURAT SANDIKCI / Arsivi

2009

Kibra Yanm (solda), ilgilendigi hastanin 6ldugu giin yuksek ates, titreme ve
halsizlik sikdyetieriyle yogun bakima kaldinlmigts,

Igneyi yanlislikla kendine batiran doktor dldii

Ondokuz Mayis Universitesi (OMU) Sagjlik Aragtirma ve Uygulama Merkezi acil servisine bagvuran Kinm Kongo
Kanamali Atesi (KKKA) hastasinda kullamilan igneyi yanlislikla kendine batiran doktor Mustafa Bilgic, tedavi
gordigi yodun bakim servisinde miidahalelere ragmen kurtanlamadi.

2012
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Systematic Review of Crimean-Congo Hemorrhagic Fever
among Health Care Workers

Hl TUR: Turkey (50 cases)
Il PAK: Pakiztan (44 cases)

DEU: Germany (18 casas)

IRM: Iran (12 ca=ses)

IND: India (B cases)

RUS: Aussia (B cases)

ZAF: South Affrica (8 cases)

TJE: Tajikiztan (7 cases)
i ARE: United Arab Emirates (5 casss)

£ MAT: Mauritania |5 casas)

1= =]  KAZ- Kazakhstan (5 cases)
L A ] SDM: Sudan (3 ca=zasz)
ALB: Albania (1 caza)
ESP: Spain (1 caas)

TUR PaK :
o= IRM IND RUS ZAF TIK = Lj}?
\ ARE MRAT KAZ oo
‘.‘..00»’00@0»»”&?
M 15t group Ml 2nd group [ 3rd group
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Crimean-Congo Hemorrhagic Fever among Health Care Workers

High risk
exposure
n=175
|
_ [ | , ]
i B ( "
PEP Ribavirin no PEP no PEP detail
n=55 (31%) n=109 (62%) n=11 (6%)*
i A
Infected Not infected | Infected | Not infected
n=4 (7%) n=51 (93%) n=97 (89%) I n=12 (11%)
- e ¥ —
]
[ ° ] [ ]
r " . . E
SRS Rt asymptomatic symptomatic asymptomatic
= 0, - 0,
n=3 (75%) n=1 (25%) n=96 (99%) n=1 (1%)

| N— 4.-1 — e —
JR l e —

Ribavirin <48 No ribavirin no ribavirin

Fatal hrs after =48 hours after ‘ detail within

symptoms |  symptoms

n=0 (0%) a2t | ™ e first 2 days

S e 2
Fatal
n=0 (0%)
s ——

Ergonil et al Emerg Infect Dis 2018
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Ribavirin use among Health Care Workers

A PEP WNao PEP

Study (reference) infected MNotinfected Infected Notinfected Odds ratio OR (5% 1)
Altaf et al. (2 0 2 5 4 0.26 (0.01=7.27)
Celkassial ) T S : ' 601 0-037
Guner et al, L e 14 0 2 0.85 (0.08~23.84)
Nadari et al. (34) 0 b 1 0 0,03 (0—1.90)
Pooled esrlmate {4 studies) 2 24 11 6 S 0,05 (0.01-0.26)
Pooled estimate {all studies) 4 51 98 12 — 1 | 0.01 (0~ 0.03)

1] a1 1 10 1,000

Favors PEP Favors no PEP
B Early ribavirin Mo early ribavirin
Study (reference) Fatal Survived Fatal Survived Odds ratio OR (959 .|:|:|
Celikbas et al. (5) 0 5 1 1 0.09 (0-3.59)
MNadari et al. (34) 0 2 1 0 + 0.07 (0—-5.49)
Pooled estimate (2 studies) ] 7 9 1 - 0,04 (0=1.33)
Pooled estimate (all studies) 0 a0 a4 a9 S — 0,04 (0=0.58)

| | I ]

0 01 1 1 1,000

Favors early ribavirin  Favors no early ribavirin

Ergonul et al Emerg Infect Dis 2018
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Diagnosis, management, and prevention of CCHF:
a Delphi-based consensus from two decades of experience in Turkiye

msdence mws per 100,500

Fig. 3. Incidence rates (per 100,000) of CCHF by province, Turkiye, 2011-2024 A choropleth map showing cumulative case counts per province, with darker shading
representing higher incidence. Data aggregated from the national CCHF Information System (2011-2024). Provincial boundaries obtained from the Turkish Sta-
tistical Institute.

Sahan S, Topluoglu S, Temel F, Cosgun Y, Oz E, Demirkol ME, Birinci S. Evaluation of epidemiological
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Diagnosis, management,
and prevention of Crimean-
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o <10,000 without bleeding /
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,tj_' Summary

Therapy is predominantly supportive.

In majority of the centers early ribavirin use and is part of
standard of care.

e Corticosteoids and IL inhibitors are in use, but to be studied.
* Monoclonal antibodies

e New antivirals

Standart “applicable” infection control measures
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