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Crimean-Congo  
Hemorrhagic Fever

Crimean-Congo hemorrhagic fever (CCHF) was first de-

scribed in Tajikistan in the 12th century. The signs of this 

condition were presence of blood in the urine, rectum, 

gums, vomit, sputum, and abdominal cavity.1 At least 3 

different names have been used to identify CCHF in dif-

ferent parts of world: Asian Ebola, Khungribta (blood 

taking), Khunymuny (nose bleeding), or Karakhalak (Black 

Death).2 Between 1944 and 1945, a large outbreak of se-

vere hemorrhagic fever was reported, with a case fatality 

rate of 10% in the Crimean Peninsula. The virus was later 

shown to be antigenically identical to Congo virus, which 

was isolated from the blood of a patient in the Belgian 

Congo (currently known as the Democratic Republic of the 

Congo) in 1956; linkage of the 2 place names resulted in 

the current name for the disease and the virus.3 

For more than 2 decades after the identification of CCHF, 

research laboratories were limited by the inability to 

culture its causative agent. In 1968, Butenko and col-

leagues4 first used newborn white mice for the isolation of 

Crimean-Congo hemorrhagic fever virus (CCHFV). They 

isolated the Drosdov strain from the blood of a patient in 

Russia by this method; this strain became the prototype 

for experimental work. The result of their research was 

the identification of an actual virus that could be used in 

experimental studies and the production of necessary re-

agents (ie, antibodies and antigens) for serological assays. 

Causative Agent

CCHFV is a member of the Nairovirus genus of the Bunya-

viridae family; this family is made up of tickborne viruses. 

Of the 5 genera that comprise the family Bunyaviridae, 
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3 genera contain viruses that cause hemorrhagic fever: 

Phlebovirus, Nairovirus, and Hantavirus. Nairoviruses are 

divided into 7 serogroups. CCHFV is the prototype of the 

CCHF serogroup, which also includes the Hazara virus; 

the Hazara virus has not been demonstrated to cause dis-

ease in human.5,6

Structure and Replication 

The CCHF virions are spherical—approximately 100 nm in 

diameter—and the lipid envelope is host derived.7 CCHFV 

is a negative-sense, single-stranded RNA virus with a 

3-segmented genome designated as large (L), medium (M), 

and small (S), according to size.8 The CCHFV L segment is 

11942 nucleotides long, with only 1 predicted open reading 

frame (ORF) of 3442 residue; this ORF contains an ovarian 

tumor protease (OUT) domain near its N-terminus. It is hy-

pothesized that the OUT-like protease motif may function in 

the Nairovirus L protein by autoproteolytically cleaving the 

polyprotein to yield a polymerase and a helicase. 

The Nairovirus L ORF is almost twice the size of those of 

the other members of the Bunyaviridae family; this sug-

gests that the L ORFs could encode other proteins, in 

addition to the viral polymerase.9 The M-RNA segment 

encodes the viral glycoproteins Gn and Gc. These glyco-

proteins are like those of other Bunyaviridae except that 

the M segment of Nairovirus is 30% to 50% larger. The M 

segment has a potential coding capacity of as much as 

240 KDa of protein.10 The M gene is critical for immunity 

and pathogenicity, as well as for vaccine development.10,11 

The S-RNA segment is approximately 1.6 kb in size and 

contains a single ORF that encodes the nucleoprotein (N) 

responsible for the encapsidation of the viral RNA. To-

gether with the viral polymerase, this segment participates 

in viral transcription and replication.12 

In addition to the 4 structural proteins, namely, NP, Gn, 

Gc, and the viral polymerases, CCHFV also encodes 1 or 

2 nonstructural proteins (NSs) from the S and/or M seg-

ments.13,14 Entry of enveloped viruses into cells is initiated 

by the binding of their envelope glycoproteins to cell sur-

face–associated receptors. The CCHFV has 2 envelope 

proteins: Gn and Gc. 

The findings of a recent study15 suggest that Gc is the 

primary target-binding protein for CCHFV; Gc not only 

binds target cells but also mediates virus entry.15 Ear-

lier studies16 indicated that CCHFV entry is mediated by 

clathrin-dependent endocytosis, which is cholesterol 

and pH dependent, and identified a correlation between 

cell-surface expression of nucleolin and CCHFV distribu-

tion in human tissues. After the attachment of virions to 

cell-surface receptors and entry via endocytosis, the viral 

RNA-dependent RNA polymerases access the cytoplasm. 

Transcription and translation produce viral proteins; also, 

the RNA is replicated. Assembly of the virions occurs 

at the Golgi membrane; then, the new CCHFV buds off 

through the plasma membrane of the host and is ready to 

enter another cell.17-19 

Phylogenetic Relationship

Phylogenetic studies relying on the sequence data of the 

S-RNA segment have demonstrated genetic diversity for 

many CCHFV strains from different regions of the world 

(Figure 1). Phylogenetic analyses of the viral S- and 

L-RNA segments have led to the identification of 7 major 

genetic clades that separate on a geographical basis: 2 

European, 3 African, and 2 Asian. Phylogenetic analysis 

suggests that the ancestor of known CCHFV clades has 

emerged approximately 1000 years ago, possibly in Africa. 

CCHFV left Africa, travelled to the Middle East, and then 

scattered in 2 directions to establish the 2 Asian clades, 

with the first spreading in Iran and Pakistan and the sec-

ond in China and Central Asia. Finally, 2 highly divergent 

CCHFV strains entered Europe. 

It is assumed that the Turkish strain migrated to Europe.20 

Phylogenetic analysis based on the L-RNA segment se-

quence showed that the L-tree topology is similar to the 

S-tree topology; however, it was shown that phylogenetic 

grouping of the M-segment sequences of CCHFV is dif-

ferent from that observed for S-RNA segments. The exis-

tence of these clades indicates the circulation of CCHFV 

in extensive geographical ranges and requires virus adap-

tation to these separated areas. Such adaptation has led 

to the emergence of local virus variants.20 

Genetic Reassortment

Mutation is an important source of RNA virus diversity. 

Mutation rates of RNA viruses are from 10−3 to 10−5 sub-

stitutions per nucleotide copy; these mutations are intro-

duced by errors in RNA transcription. RNA viruses with 

segmented genomes have the capacity to re-sort their 

segments, which results in genetic diversity.21-22 The frag-

mented nature of the CCHFV genome allows the exchange 
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of gene segments when 2 or more CCHFVs infect the 

same cell.23 Reassortment among genome segments dur-

ing coinfection of ticks or vertebrates likely played a role 

in generating diversity in this virus.24 In CCHFV, reassort-

ment events between the S and L segments occur within 

groups. In contrast, reassortment between M segments is 

not be restricted to groups and could result in a new virus 

type. Closely related S and L segments must cosegregate 

to produce viable virus, restricting reassortment oppor-

tunities. The S and L segments of CCHFV have evolved 

together; it can be inferred that the emergence of new 

CCHFVs result from M-segment reassortment.21-26

Recombination

Negative-stranded RNA is characterized by low rates of 

recombination.27 Two phylogenetic studies27-28 provided evi-

dence of potential recombination among S but not M and L 

segments.27-28 CCHFV strains with potential for recombinant 

include Kashmanov, Drosdov, and STV/HU29223 from Rus-

sia, 66109 and HY-13 from China, TI10145 from Uzbekistan, 

and JD206 from Pakistan. However, these recombination 

events occurred in short genome regions.29

Geographical Distribution

CCHFV has a widespread geographic distribution (Fig-
ure 2). Since the discovery of CCHF in the Crimea and 

Belgian Congo, the disease has been reported in many 

regions of Africa, the Middle East, Europe, and Asia, 

and outbreaks caused by CCHFV have been recorded 

in several countries.30 By the year 2000, new outbreaks 

had been reported from Pakistan, Iran, Senegal, Albania, 

Kosovo, Bulgaria, Kenya, and Mauritania. However, limited 

serological testing implies that CCHFV also might have 

occurred in parts of Hungary, France, Portugal, Greece, 
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Figure 1

Phylogenetic tree based on a small segment of Crimean-Congo 

hemorrhagic fever virus (CCHFV). The tree was constructed by 

using the maximum likelihood method via Molecular Evolutionary 

Genetic Analysis (MEGA) 5 (http://megasoftware.net/). Numbers 

above the branches indicate the bootstrap values in percentages 

(of 1000 replicates). Strains highlighted in green show evidence 

of recombination, and strains highlighted in red show evidence of 

reassortment.

 by guest on O
ctober 25, 2016

http://labm
ed.oxfordjournals.org/

D
ow

nloaded from
 

http://labmed.oxfordjournals.org/


www.labmedicine.com Summer  2015 | Volume 46, Number 3 Lab Medicine  183

Review

Benin, and India, although the CCHFV was isolated only in 

Greece and the only reported human case was an infec-

tion discovered in a Greek laboratory (Table 1).3,31 Most 

of the cases were reported from Turkey, Russian, Iran, 

and Bulgaria.32 Many factors, including climate, popula-

tion growth, mobility, agriculture, ecological changes, 

and movement of livestock, may provide opportunities for 

CCHFV to spread to previously unaffected countries (Tur-

key in 2002, Iran in 2003, Greece in 2008, and Georgia in 

2009).32,33 CCHFV has re-emerged in the Russian Federa-

tion after 30 years; South, East, and West Africa and Mau-

ritania in 2004; and Sudan in 2008.32,34,35 The incidence of 

CCHF increased from the years 2008 through 2012.36-39 

CCHF outbreaks represent a threat to world health be-

cause of the epidemic potential, high rate of mortality, 

possibilities for nosocomial infection, and difficulties in 

treatment and prevention.

At-Risk Population

Domestic livestock are regarded as the main hosts of the 

disease and can transfer the disease during their viremic 

stage to humans. High-risk behaviors, such as slaughter-

ing, animal handling and/or examining livestock without 

wearing masks or gloves, and unauthorized slaughtering 

of animals, facilitate the transmission of the disease.52 In 

addition, healthcare workers are at risk of acquiring infec-

tion through the blood and bodily fluids of patients.53 The 

seroprevalence of CCHFV in people with a history of tick 

bites may be as high as 20% in endemic areas.54 Living 

in a rural area is a risk factor for exposure to the tick vec-

tor and for acquiring CCHFV infection. However, because 

markets for animal trading are typically located near large 

cities, CCHFV seroprevalence is also higher among peo-

ple living in urban areas than people living in rural areas.55 

Figure 2

Geographic distribution of Crimean-Congo hemorrhagic fever (CCHF) in endemic areas. This figure is based on a graphic created by the 

Centers for Disease Control and Prevention (http://www.cdc.gov/vhf/crimean-congo/resources/distribution-map.html).

 by guest on O
ctober 25, 2016

http://labm
ed.oxfordjournals.org/

D
ow

nloaded from
 

http://labmed.oxfordjournals.org/


184  Lab Medicine Summer  2015 | Volume 46, Number 3 www.labmedicine.com

Review

There have been several reports of outbreaks in hospitals 

treating patients with CCHF.56 Therefore, hospitals must 

always follow infection-control procedures, and all biohaz-

ardous waste must be decontaminated before disposal, 

including contaminated needles, surgical instruments, and 

bodily waste.

Transmission 

The geographical distribution of CCHFV cases corre-

sponds most closely with the distribution of members 

of the genus Hyalomma, which suggests their principal 

vector role.19,52 CCHFV was isolated from numerous tick 

species, including 28 Ixodea and 2 Argaisdae spp. Ar-

gasids do not play important roles in the geographical 

spread of virus because CCHFV fails to replicate in adults 

and nymphs of argasid tick species.57-58 Ticks have 4 life 

stages: egg, larvae, nymph, and adult. Larvae hatch from 

the eggs, climb vegetation, and attach to passing animals; 

attraction to the host occurs due to heat and carbon 

dioxide concentrations.59 Some species of Hyalomma, 

Dermacentor, and Rhipicephalus genera are capable of 

transstadial transmission (ie, passing the virus from larva 

to nymph to adult) of CCHFV after feeding on a viremic 

host.60-62 

Transovarial transmission (ie, passage of virus to offspring) 

of CCHFV occurs within some of the species in these gen-

era. Also, venereal transmission has been demonstrated 

among some vector species, which may contribute to 

maintaining the circulation of the virus in nature.63-64 Also, 

ticks can be infected by cofeeding with infected ticks on 

uninfected hosts.65 The virus is transmitted to humans 

through tick bites or by direct contact with infected animal 

blood (farmers, slaughterhouse workers, veterinarians, 

etc). In addition, person-to-person transmission can occur 

due to direct or indirect contact with the skin, mucous 

membranes, or body fluids of infected patients.66 The virus 

may also be transmitted from human to human, primar-

ily in the hospital setting.34,67 Climate may contribute to 

increased tick abundance because high temperatures, 

especially in the spring and summer, may accelerate the 

Hyalomma cycle by switching on its interstadial develop-

ment and host-seeking activity.32,68

Reservoir

Viremia and antibody production have been found in nu-

merous wild and domestic animal species, such as cattle, 

goats, sheep, and hares; these animals may serve as 

hosts for virus amplification.69 In contrast to human infec-

tion, CCHFV infection is asymptomatic in all animal spe-

cies. Reptiles and birds, with the exception of ostriches, 

appear to be refractory to CCHFV infection.70-71 The virus 

may be spread from endemic to nonendemic areas via 

migrating birds and livestock transfer. Migrating birds can 

carry infected ticks and may play an important role in virus 

distribution, and importing livestock can cause the transfer 

of infected ticks into other geographical regions.72,73 

Clinical Features

Patients with CCHF demonstrate an extensive spectrum 

of clinical symptoms. The typical course of CCHF is a pro-

gression through 4 distinct phases, including incubation, 

prehemorrhagic, hemorrhagic, and convalescence.2 The 

incubation period is variable and influenced by the route of 

exposure. This period lasts from 1 day to 3 days with a max-

imum of 9 days when infection is caused by the bite of a tick 

and from 5 days to 6 days with a maximum of 13 days when 

the infection is transmitted by infected tissues or blood. 

After incubation, the prehemorrhagic stage may manifest 

in fever, chills, photophobia, myalgia, nausea, and severe 

headache.74 In severe cases, the hemorrhagic stage rap-

idly manifests (3 days to 6 days) after the onset of disease. 

Symptoms in this stage can range from petechiae to large 

areas of ecchymosis and hemorrhage of the gums, nose, 

internal organs, and gastrointestinal system. In docu-

mented outbreaks of CCHF, fatality rates in hospitalized 

patients have ranged from 9% to as high as 50%.75,76 

Table 1. Number of Recent CCHF Infections and 
Deaths from CCHF Between 2000 and 2013 

Country
Total Cases,  
No.

Deaths,  
No.

CFR  
(%)a Reference(s)

Albania 32 1 3.1 36,40
Greece 1 1 100 39
India 42 25 59.9 41,42
Turkey 2508 133 5.3 [40
Russian Federation 839 27 3.2 40
Kosovo 47 11 23.4 40,42-44
Bulgaria 112 20 17.9 40,45-47
Iran 535 81 15.1 3
Sudan 12 9 75.0  44,48
Mauritania 35 6 17.1 35,42
Afghanistan 61 16 26.2 49-51

aCFR, case fatality rate.
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Mortality rates of nosocomial infections are often much 

higher than those acquired naturally through tick bites and 

may be related to the level of viremia. In fatal cases, there 

was little evidence of an antibody response; evidence 

shows that viral load is higher and antibody production is 

weaker in fatal cases. For surviving patients, the conva-

lescence period begins approximately 15 days to 20 days 

after the onset of illness. Full recovery may take as long as 

1 year. The period of convalescence is characterized by 

general weakness, headache, dizziness, weak pulse, loss 

of hair, poor appetite, poor vision, and memory loss.77,78

Clinical Findings and Pathogenesis

Common laboratory findings reveal leukopenia and throm-

bocytopenia in patients with CCHF and indicate elevated 

levels of alanine aminotransferase (ALT), aspartate amino-

transferase (AST), creatine kinase (CK), and lactate dehy-

drogenase (LDH); prolonged prothrombin time (PT); and 

activated partial thromboplastin time (aPTT). 

CCHF pathogenesis is likely derived from a complex in-

teraction between the virus and host cells.79,80 Kupffer 

cells, hepatic endothelial cells, and hepatocytes are sup-

posedly major targets in CCHF. The necrosis of hepato-

cytes leads to an increase in liver enzymes.81 A recent 

study on CCHF76 reports that the AST/ALT ratio is higher 

for patients with severe disease than for those with mild 

disease. Also, increased myeloperoxidase expression in 

leukocytes leads to increased leukocyte lysis. Therefore, 

leukopenia in patients with CCHF may be attributed to 

lysis.82 Endothelial damage can activate the coagulation 

cascade, which ultimately leads to diminished platelet 

numbers or function. Also, activation of coagulation may 

contribute to the development of disseminated intravas-

cular coagulation (DIC) and multiorgan failure.83,84 The 

leakage of the vasculature observed in CCHF occurs due 

to its direct infection by the virus or damage by secreted 

cytokines.85 Recent reports86,87 suggest higher levels of 

interleukin (IL)–1, IL-6, and tumor necrosis factor (TNF)–α 

in patients with CCHF. Further, IL-6 and TNF-α levels are 

higher in fatal cases, compared with nonfatal cases. Thus, 

endothelial damage may lead to hemostatic failure and 

characteristic skin rash.  

Diagnosis

CCHF can be diagnosed by isolating the virus from blood, 

plasma, or tissues. CCHF signs and symptoms should 

distinguish it from other hemorrhagic fevers. The most 

common approach to diagnose CCHFV infection is by 

detection of genomic RNA, virus-specific antibodies, and 

virus isolation. A number of infections should be consid-

ered in a differential diagnosis, include leptospirosis, falci-

parum malaria, dengue hemorrhagic fever, typhoid fever, 

septicemic plague, rickettsial infections, meningococce-

mia, viral hepatitis, and other viral hemorrhagic fevers.88

Virus Isolation

Because CCHFV is highly pathogenic for humans, it 

must be handled in biosafety level (BSL)–4 containment. 

CCHFV can be isolated in a wide variety of cell lines, in-

cluding SW-13, Vero, LLC-MK2, BHK-21, and CER.1 Cell 

cultures can only detect high concentrations of the virus; 

this strategy can be useful during the first 5 days of ill-

ness. CCHFV produces no or poor cytopathic effects 

(CPEs), so it can be confirmed via immunofluorescence 

assay (IFA) using specific monoclonal antibodies or mo-

lecular methods. 

Serology

Serological methods have been developed to diagnose 

CCHF using inactivated virus or extracts from infected 

suckling mouse brain. The N of CCHFV is recognized as 

the predominant antigen that induces a high immune re-

sponse in most bunyavirus infection. As a result, recombi-

nant N of the CCHFV has been produced through Semliki 

Forest virus and baculovirus expression systems and has 

been used to detect IgM and IgG in human and animal 

serum.3 IgG and IgM may be detected in the serum by IFA 

from approximately day 6 of illness, and IgM antibodies 

remain detectable by the 4th month. In addition, IgG levels 

decline gradually at this time but remain detectable for as 

long as 5 years.89 

Molecular Assays

The molecular diagnostic assay recommended for detec-

tion of CCHFV is reverse transcription polymerase chain 

reaction (RT-PCR). This technique is sensitive, specific, 

and rapid. The CCHFV genome can be detected with RT-

PCR from serum, blood, and tissue autopsy. RT-PCR can 

also be used to detect viral RNA in stored specimens; viral 

RNA is detectable until day 16 of the illness.90,91 In recent 

years, real-time RT-PCR approaches have been devel-

oped for detection and quantification of CCHFV. Real-time 

RT-PCR has several advantages over conventional PCR 
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with respect to higher sensitivity and specificity and lower 

contamination and time taken for detection.92,93 Real-time 

RT-PCR procedures for CCHFV are difficult to develop 

due to remarkable genetic variability among virus strains. 

However, this problem has been solved by designing the 

primers and probe to amplify and detect a region in the S 

segment that is conserved across multiple strains.94

Treatment

Until 3 decades ago, there was no appropriate treatment 

for CCHF. Treatment options specific to the disease are 

still limited. Serum prepared from recovered patients may 

be an effective treatment of CCHF; however, evidence is 

lacking, and further evaluation is needed to confirm this 

theory. Ribavirin is a nucleoside analogue with a broad 

spectrum of antiviral activity. It has been demonstrated 

to have an inhibitory effect on the replication of CCHFV 

in vivo and in vitro, although the efficacy of ribavirin in the 

treatment of CCHF has not yet been proven.95,96 Use of 

intravenous ribavirin has been recommended for treatment 

of CCHF, and oral ribavirin has also been used for postex-

posure prophylaxis.76,97,98

Control and Prevention

Currently, 2 vaccines against CCHFV have been devel-

oped. The first one is a formalin-inactivated vaccine, 

which was developed in Bulgaria from infected suckling 

mouse brain. The second is a DNA vaccine tested in mice; 

neither vaccine has undergone official randomized clinical 

trials.99,100

Efficient ways to protect against CCHFV are tick control 

and limitation of exposure to infected livestock or humans. 

To minimize tick exposure, protective clothing and ap-

plication of repellent is recommended.101 Clothing should 

be chosen to prevent tick attachment, especially cover-

ing legs and arms. Healthcare workers in endemic areas 

may be exposed to infected blood or tissue from patients 

with CCHF. Therefore, such workers should wear gloves, 

gowns, and face masks to reduce the risk of exposure; 

also, they must follow proper infection-control precautions 

to prevent occupational exposure.76 In addition, CCHFV 

is susceptible to 1% hypochlorite and 2% glutaraldehyde 

and can be destroyed by heating at 56°C for 30 minutes.56 

Illegal transportation of animals among countries may re-

sult in expansion of CCHFV; prevention of illegal transpor-

tation of animals may reduce the spread of CCHFV.70 

Conclusion

CCHF is a zoonotic disease, and tick vectors are wide-

spread; thus, numerous animals can be hosts. In this re-

gard, individuals associated with animals and healthcare 

workers that have contact with patients with CCHF are at 

greatest risk of CCHFV infection. Therefore, monitoring of 

virus circulation in zoonotic foci and education of high-risk 

groups are important; these are currently the main meth-

ods of infection control. LM
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