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Organism and Virus Structure 

Ø Crimean-Congo hemorrhagic fever virus (CCHFV)

Ø Negative-sense RNA virus 

Ø The Orthonairovirus genus

Ø Family of Nairoviridae

Ø Order of Bunyavirales

Ø Extensive genetic diversity in viruses from different geographic regions 

Guo et al, 2012. PNAS. Doi:10.1073/pnas.1200808109
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History

• CCHFV was introduced by Chumakov et al. following 

the 1944–1945 outbreak among Soviet military 

personnel in Crimea.

• In 1969: Also detected in Congo

• Outbreaks continue to occur

• Potential bioterrorist agent, CDC/NIAID Category C 

pathogen 



CCHF

• A tick-borne zoonotic disease
• Characterized by fever and hemorrhage
• Transmission: bite of Ixodes ticks of the genus Hyalomma or by 

direct contact with blood or tissues infected humans or viremic
livestock. 

• CCHF is a severe disease in humans, with a high mortality rate 
(2.8–70%) 

Papa A, Mirazimi A, Köksal I, et al. J Clin Virol 2015; 64:137.







• Male, seventh day of illness, clinical condition deteriorated rapidly 
• Fulminant hepatic failure, severe respiratory insufficiency, 

encephalopathy
• Evaluated for liver transplantation, died on day 9
• Did not suspect CCHFV until the second patient who was a Medical 

Care worker presented with a clinical picture similar to that of the 
index patient.

Negredo, A, et al.  N Engl J Med. 
2017. Jul 13;377(2):154-161



Global CCHF Epidemiology

Based on the results of our search, we developed a classification 

scheme that integrated vector, animal, and human data to define 

CCHFV circulation:

Level 1: CCHF cases reported annually through established 

surveillance level.

Level 2: CCHF cases reported intermittently in absence of robust 

surveillance.

Level 3: No CCHF cases reported; no robust surveillance 

established, but available data point toward the possibility of 

undetected/unreported CCHF cases.

Level 4: No CCHF cases reported; no robust surveillance or 

epidemiologic/epizoologic studies, but Hyalomma ticks are 

present.

Level 5: no available data



Epidemiology:Central, Eastern, and South-eastern 
Asia









Epidemiology risks

• Rural areas engaged in animal husbandry
• Tick bites
• Direct contact with infected animal blood, body fluid or 

tissues
• 88% of human infections were subclinical
• Nosocomial infections in the hospital setting
• Imported cases were also described. 
• ? sexual transmission
• Travel to endemic area



Crimean-Congo hemorrhagic fever (CCHF) in Turkey

• The first CCHF cases detected 
in Turkey in 2002

• Outbreaks have been seen in 
Central, Northern and Eastern 
Anatolia, and Eastern Black 
Sea regions of Turkey

Koksal et al. / Journal of Clinical Virology 47 (2010) 65–68

The distinct geographic regions of Turkey:
- Eastern, southeastern and central Anatolia
- Mediterranean, 
- Aegean, 
- Marmara,
- Black Sea regions



CCHF in Iran (First case diagnosed in 1999)

Total number of confirmed CCHF cases in Iran and Turkey reported each year for the period 2000–12, with the total number of fatal cases in Iran. Data were 
obtained from the Pasteur Institute of Iran and from (Chinikar, et al., 2012; Yilmaz et al., 2008; Ergonul, 2009; Maltezou et al., 2010; Burki, 2012).



CCHF Clinical Features 

• 3 - 12 day incubation period
• Sudden onset of fever, myalgia, stiffness, neck pain, dizziness, sore 

eyes, photophobia, diarrhea, nausea, vomiting, & generalized 
abdominal pain, restlessness, confusion, mood swings

• Hemorrhagic manifestations in severe cases 
• Petechiae, ecchymoses, epistaxis, and gum bleeding 
• Pulmonary hemorrhage, intra-abdominal bleeding, hematuria, melena, 

and vaginal bleeding 
• Severe disease 2/2 proinflammatory cytokine response ("cytokine 

storm"), causing endothelial cell activation and increased vascular 
permeability, resulting in hypotension, shock, multiple organ failure, 
and death. 





CCHF Laboratory findings

• Thrombocytopenia, leukopenia, hyperbilirubinemia with
elevated transaminases, and prolongation of international
normalized ratio, prothrombin time, and activated partial
thromboplastin time 

• Anemia is observed in some cases. 
• Multiorgan failure: elevated blood urea nitrogen, creatinine, 

CK
• DIC: decreased fibrinogen levels, increased fibrin-degradation

products. 



Diagnosis

• RT-PCR
• Specific immunoglobulin (Ig)M and IgG by ELISA
• Specific IgM and IgG antibodies usually detectable five days from disease

onset
• IgG antibodies can remain detectable for at least five years
• Specific IgM positivity in a single sample indicates current infection
• seroconversion or fourfold rise of CCHFV IgG antibody levels in paired sera 

confirms recent or current infection
• CCHFV can be cultured in cell culture (biosafety level 4 laboratories, used for

research purposes)



Treatment 

• No approved antiviral
• Ribavirin has been studied in vitro, and in animal models
• It has not been shown to reduce viral load or mortality in humans

and its clinical efficacy is controversial
• Most studies evaluating the effectiveness of ribavirin are limited by

methodology flaws.
• Appears to be beneficial in post-exposure prophylaxis and early 

treatment for healthcare workers at risk for CCHFV infection.

• Koksal I et al. ,2010,  Celikbas et al., 2014; Guner et al., 2014; Guven et al., 2017
• Serretiello E. Travel Medicine and Infectious Disease 37 (2020) 101871



Treatment 

• Supportive care: 
– in severe cases, blood product replacement is warranted
– Electrolyte and fluid balance
– Mechanical ventilaiton, hemodialysis, vasopressors, Inotropic agents
– Acetaminophen for fever and pain
– Avoid Ibuprofen and aspirin due to affects on normal clotting. 

• Insufficient data to support routine use of steroids, intravenous immunoglobulin, or plasma
exchange

• Hyperimmunoglobulin (prepared from convalescent sera) requires further study. 
• Hyperimmunoglobulin can decrease viral load via direct neutralization, although viral strain

variability may be an important determination in the use of this therapy. 



Supportive Care:

• Platelet transfusion is warranted to maintain platelet count
>50,000/mm3 in the setting of bleeding; platelet count
<20,000/mm3 in the absence of bleeding. 

• The need for blood transfusion based on the hemoglobin level and
hemodynamic status

• Avoided unnecessary interventional procedures
• Nonsevere cases: symptoms usually resolve in 7 to 10 days
• In the absence of bleeding, transaminases and platelet counts tend

to return to normal levels after 5 to 10 days. 



Serum Therapy

Antibody-based therapies for infectious diseases

Effective in a 
post-exposure 

setting



Garrison, A.R., et al. Viruses. 11(590): doi:10.3390/v11070590

Antibody-based therapies for CCHFV

- Convalescent plasma is a poorly defined product that is difficult to consistently produce in large amounts and to standardized 
levels.
- A non-neutralizing antibody mAb-13G8 could protect, even subsequent to virus infection.
- GP38 or a cleavage product that contains GP38 may be an important viral target against CCHFV



The algorithm used for case management of 
CCHF



Vaccines

• No approved vaccine
• The first CCHFV vaccine was developed and licensed in Bulgaria, in 

1970, using a CCHFV strain V42/81, propagated in the brain of 
suckling Mouse.

• This vaccine was not approved for use in other countries with at-risk 
populations, as its effectiveness is much debated

• In 2012, studies in healthy vaccinated people highlighted that
sequential doses of the Bulgarian CCHFV vaccine stimulate specific
immune responses against the virus.



Vaccine
Route of 

vaccinatio
n

Animal Species/strain % Protection Target(s) Mechanism of protection REFS

MVA-GP IM IFNAR-/-(A129) 100 All
glycoproteins antibody appeared irrelevant Buttigieg 2014

M-segment DNA vaccine IM-EP IFNAR-/-(C57BL/6) and 
C57BL/6 (IS)* 70-100 All 

glycoproteins
neutralizing and total antibody titers do not 

correlate with protection Garrison 2017

rVSV expressing M-segment ORF IP STAT-1 100 All 
glycoproteins

antibody against glycoproteins, and 
neutralizing antibody titers  but mechansim

is unclear
Rodriguez 2019

CCHF virus-like replicon particle 
with M-segment SC IFNAR-/- 80-100 All

glycoproteins unknown Scholte 2019

GN ectodomain or GC
ectodomain subunit vaccines IP STAT-1 0 GN, GC 

Not protective despite high neutralizing 
antibody response to GC vaccine Kortekaas 2015

GN/GC and N DNA vaccine and/or 
VLPs IM IFNAR-/-(A129) 100 GN, GC and N Unknown Hinkula 2017

Bovine Herpesvirus N subunit 
vaccine IM IFNAGR-/- 100 N Unknown Farzani 2019

Adenovirus N subunit vaccine IM IFNAR-/-(C57BL/6) 33-78 N prime/boost more protective Zivcec 2018

MVA-NP IM IFNAR-/-(A129) 0 N Not protective Dowall 2016

S-segment mRNA IM
IFNAGR-/- (challenged) 

C57BL/6 (not 
challenged)

50 (single)
100 (2 
doses)

N
Significant levels of IgG1 and IgG2a and 

IFN-gamma, significant weight loss in 
survivors

Farzani 2019

Formalin inactivated cell
culture derived CCHFV mixed

with alum
IP IFNAR-/- 60-80 Whole virus

antibody against
glycoproteins, and

neutralizing antibody titers
but mechanism is unclear

Canakoglu
2015

mouse brain-derived inactivated 
CCHFV adsorbed on Al(OH)3

SC humans Unknown Whole virus antibody against glycoproteins, and N but 
mechanism is unclear Mousavi-Jazi

CCHF vaccines to date



Animal Models to Evaluate Medical Countermeasures

Animal model % Time to death Salient features
lethality [days]

Neonatal mice 100 3 d Do not predict immunotheraptuic protection behavior in adult rodents. Ribavirin protects against lethality. 

STAT-1 KO mice 100 3-5 d heptic injury, subunit vaccines may not  protect well in this model 

IFNAR KO mice >90 4-8 d Prototypical rodent model for CCHFV. BL6 or 129 background develop severe disease. Strain Hoti has a reduced 
MTD.

IFNARG KO mice 100% 4-6 d Used to evaluate N subunit vaccines

C57BL/6, BALB/c, B6:129 0-100 5 d No disease ensues unless IFN-I signaling is blocked by antibody (MAR1-5A3). 

Rag2 KO mice 0-100 4-5 d after disruption 
of IFN-I signaling 

Hepatitis in mice with active IFN-I signaling. Disruption of IFN-I signaling results in 100% lethality similar to normal 
mice 

SGM3 Humanized mice 0-100 15-23 d Neurological disease ensues absent of systemic (visceral) disease. Only strain Turkey produced severe disease.

STAT-1 KO mice 100% 5.6 d heptic injury

Cynomolgus macaques 0-60 6-7 d Disease model with fever, increased liver enzymes, thrombocytopenia, leukocytopenia. In some studies animals 
meet euthanasia criteria. 



The problems: 
1. No licensed drugs or vaccines to 

effectively treat CCHF 
2. Immune correlates of protection are not 

well understood
3. Experimental vaccines tested on 

limited strains



Conclusion and future directions

• The increased reports and attention towards CCHF cases helped in changing the
tools used to develop specific therapies and vaccines.

• Information about CCHFV are still very limited.  
• An early diagnosis of the disease is fundamental for early treatment and to prevent

nosocomial transmission.
• Cross-protection studies across numerous CCHFV clades are needed to determine

if a single vaccine is practical for broad protection
• Correlates of protection still need to be defined for the advanced development of a 

CCHFV vaccine
• The newly developed NHP model will allow for the advanced development of the

various CCHFV vaccine platforms in a more relevant animal model, but validation
studies for this model are needed. 




