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Crimean-Congo haemorrhagic fever (CCHF) is an 
emerging severe tick-borne illness. The expanding 
habitat of Hyalomma ticks, coupled with migratory 
birds harbouring CCHF-infected ticks, contributes to 
an increasing number of potential hosts. The sero-
prevalence of anti-CCHF virus antibodies in livestock 
is approximately one-quarter, with a noticeable up-
ward trend in recent years. The management of CCHF 
patients predominantly relies on supportive therapy, 
although a potential arsenal of antivirals, convales-

cent and hyperimmune plasma, monoclonal antibod-
ies, and vaccines exists, both currently and in the fu-
ture. This review aims to critically examine the cur-
rent therapeutic approaches to managing CCHF, 
highlighting both the potential and limitations of ex-
isting treatments, and identifying future directions for 
improving patient outcomes.

Keywords: Crimean-Congo haemorrhagic fever, CCH-
FV, tick-borne illness, Hyalomma tick vaccines.

SUMMARY

n	 INTRODUCTION

Crimean-Congo haemorrhagic fever (CCHF) is 
a severe tick-borne illness with a wide geo-

graphical distribution. The etiological agent is the 
CCHF virus (CCHFV - Bunyavirales order). The 
virus was initially identified in the 1940s when So-
viet soldiers fell ill with a hemorrhagic disease in 
Crimea, and later, in the 1960s, a virus with similar 
clinical symptoms was found in the Belgian Con-
go (now Democratic Republic of Congo), confirm-
ing its antigenic similarity and resulting in the 
naming of the Crimean-Congo Hemorrhagic Fe-

ver Virus (CCHFV) [1]. It is transmitted to humans 
by Hyalomma ticks. Available evidence demon-
strates that CCHFV can productively infect a wide 
variety of domestic and wild animal species, but 
only humans develop severe symptomatic disease 
[2-4]. Approximately 10,000-15,000 cases of hu-
man CCHF occur annually worldwide [5]. From 
an epidemiological perspective, interest in this 
disease is growing. The expanding range of Hya-
lomma ticks, and migratory birds harbouring 
CCHF-infected ticks, contribute to an increasing 
number of potential hosts [6, 7]. A meta-analysis 
assessing the seroprevalence of anti-CCHFV anti-
bodies in animals, primarily livestock, demon-
strated a seroprevalence of 25% (with an upward 
trend in recent years) [8]. Historically, CCHF has 
affected areas in Africa, the Middle East, Asia, and 
southern and eastern Europe. However, the re-
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ports of cases of infections occurring outside these 
areas have shown that the possibility of potential 
outbreaks is not uncommon. For example, since 
2013, 15 cases of CCHF have been identified in 
Spain, of which eight were retrospectively identi-
fied [9]. Diagnostic challenges have likely contrib-
uted to underdiagnosis, both due to the nonspecif-
ic nature of symptoms and because only a few 
laboratories in non-endemic areas have diagnostic 
kits for CCHF. The mortality rate in CCHF ranges 
from 10% to 40% [10]. To date, no strong evidence 
of the effectiveness of specific treatment against 
CCHF has been identified.

n	 CCHFV STRUCTURE  
AND REPLICATION CYCLE

CCHFV is a single-strand, negative-sense RNA vi-
rus of the Orthonairovirus genus, Nairoviridae fam-
ily, Bunyavirales order [11]. Its genetic material is 
characterized by three segments, namely large (L), 
medium (M) and small (S). The L segment encodes 
the RNA-dependent RNA-polymerase (RdRp) 
and an ovarian tumor-like protease (OTU). The M 
segment encodes for the glycoprotein precursor 
(GPC), the structural glycoproteins of the enve-
lope, Gc and Gn and the medium non-structural 
protein (NSm). This segment exhibits up to 31% 
sequence divergence, which accounts for the exist-
ence of seven virus subclasses with varying viru-
lence [12]. In the S segment one open reading 
frame (ORF) encodes for the nucleoprotein (NP), 
while the small non-structural protein (NSs) is en-
coded in an opposite-sense open reading frame 
[4]. CCHFV enters the host cell through pH-de-
pendent and clathrin-dependent endocytosis; 
once in the cytoplasm, the viral RdRp produces 
complementary positive-strand RNA intermedi-
ates, which are used for the synthesis of viral pro-
teins. These viral proteins coordinate the produc-
tion of negative-strands RNA molecules, using 
positive-strand RNA intermediates as templates 
[13]. The GPC is proteolytically processed to pro-
duce mature glycoproteins along with the accesso-
ry proteins through the endoplasmic reticulum 
and Golgi apparatus. Newly synthesised nega-
tive-strands RNA molecules serve as viral ge-
nomes and are enveloped in new viral particles, 
which are released via the secretory pathway and 
are ready to infect other cells [4].

n	 CLINICAL COURSE AND PATHOGENESIS  
OF CCH IN HUMANS

The pathogenesis of CCHF is multifaceted, involv-
ing complex mechanisms that contribute to dis-
ease severity and development (Figure 1). 
The CCHFV primarily spreads to humans through 
contact with infected animal blood, bodily fluids, 
or bites from infected ticks. Humans can also be-
come infected through contact with a patient dur-
ing the acute phase of CCHF [14]. Once inside the 
human body, the virus replicates in target cells 
such as endothelial cells, macrophages, and epi-
thelial cells, triggering both innate and adaptive 
immune responses. Upon exposure to the virus, 
the incubation period varies depending on the 
mode of transmission: after a tick bite, it is gener-
ally between 1 and 3 days (up to a maximum of 9 
days), while after contact with infected blood or 
tissues, it is between 5 and 6 days (up to a maxi-
mum of 13 days) [5]. During this incubation peri-

Figure 1 - CCHF pathogenesis.
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od, individuals may not exhibit any symptoms. At 
the early stages of the disease, the virus dissemi-
nates through the bloodstream and lymphatic ves-
sels, leading to systemic symptoms including fe-
ver, severe headache, photophobia, muscle aches, 
and malaise, backache and conjunctivitis. Viral 
replication and immune responses can damage 
blood vessel walls, causing increased vascular 
permeability and inflammation. These early 
symptoms often mimic those of common viral in-
fections, making diagnosis challenging in the ear-
ly stages. As the disease progresses, patients may 
develop more severe symptoms such as nausea, 
vomiting, abdominal pain, and diarrhoea. The 
hemorrhagic phase of CCHF, typically begins 3-5 
days after symptom onset, and usually lasts 1-3 
days, is marked by severe haemostatic impair-
ment, resulting in widespread bleeding and coag-
ulopathy [13]. This phase is characterised by pete-
chiae, ecchymosis, and mucosal bleeding, occur-
ring as a consequence of the virus directly damag-
ing endothelial cells within blood vessels. Epistax-
is is present in less than 50% of patients in the 
hemorrhagic phase, hematemesis in less than 35% 
of patients, haematuria, melena and haematoche-
zia in 10%-20% of patients, and intra-abdominal or 
intracerebral bleeding in 1%-2% of cases [5]. Addi-
tionally, the host’s immune response may exacer-
bate coagulopathy by producing inflammatory 
cytokines storms and causing haemostatic dys-
function as disseminated intravascular coagula-
tion (DIC). Concurrently, patients may experience 
hepatomegaly and splenomegaly due to liver and 
spleen involvement. The disease can progress rap-
idly, with patients deteriorating into a severe and 
potentially fatal stage within a few days. This 
stage is marked by the development of DIC, se-
vere haemorrhage, and multi-organ failure [15].
The mortality rate in CCHF ranges from 10% to 
40%, influenced by factors such as healthcare in-
frastructure availability and timely antiviral ther-
apy. Despite medical management advances, mor-
tality remains high, with death typically occurring 
within two weeks of symptom onset, primarily 
due to shock and multi-organ failure [10, 16].
When obtainable, CCHF viremia levels have been 
correlated with disease severity, and viral loads 
equal to or exceeding 108 copies/mL and 109 cop-
ies/mL are significantly associated with high 
CCHF mortality [17]. Estimating the infection fa-
tality rate for CCHF is complicated by the pres-

ence of asymptomatic and often undiagnosed in-
fections, making further research and advanced 
surveillance methods necessary to achieve a more 
precise assessment [18].
The convalescent phase of CCHF typically sets in 
between the 10th and 20th day of illness, lasting 
up to 1 year. Most patients recover without com-
plications or long-term effects. Among those expe-
riencing symptomatic convalescence, common 
symptoms include fatigue, malaise, hair loss, ano-
rexia, and polyneuritis. Tachycardia and dyspnoea 
have also been reported, along with memory, 
visual, and auditory impairments [4, 19]. A study 
from Turkey found that 48.4% of patients exhibit-
ed symptoms of post-traumatic stress disorder 
(PTSD), with 18.5% experiencing PTSD after re-
covery [20].
Currently, there have been no documented cases of 
relapses or reinfections of CCHF, especially among 
individuals re-exposed in endemic areas. Never-
theless, the duration of protective immunity against 
the virus has not yet been fully understood [21].

n	 GENERAL OVERVIEW OF CURRENT 
THERAPEUTIC APPROACHES

The care and management of CCHF patients re-
quire careful monitoring and a multifaceted ther-
apeutic approach. Laboratory monitoring is cru-
cial, including blood count, liver enzymes, total 
bilirubin, serum creatinine, coagulation parame-
ters such as the International Normalised Ratio 
(INR) and activated partial thromboplastin time, 
creatine kinase, and lactate dehydrogenase. Time-
ly testing is recommended, especially in cases of 
low platelet counts or suspected DIC [22].
Supportive therapy is the mainstay of treatment, 
involving the administration of blood products 
including thrombocytes, fresh frozen plasma, and 
erythrocyte preparations [23]. Replacement thera-
py should be guided by daily complete blood 
count checks. Platelet transfusion is effective in 
preventing or resolving bleeding due to thrombo-
cytopenia or platelet dysfunction. Considering the 
incidence of DIC in CCHF, some platelet destruc-
tion is expected, and an immediate increase in 
platelet levels after transfusion may not be ob-
served [24]. Maintaining proper electrolyte bal-
ance and adjusting fluid therapy is also funda-
mental. Hypotonic solutions should be avoided 
and in cases of kidney failure requiring renal re-



424 S. Di Bella, S. Babich, R. Luzzati, et al.

placement therapy, haemodialysis is preferred 
over peritoneal dialysis. Consideration should be 
given to potential sites of bleeding, and precau-
tionary measures should be implemented. This 
may include the use of antacids for individuals 
with peptic ulcers, avoidance of intramuscular in-
jections (to prevent haematomas and local bleed-
ing at puncture sites), and refraining from the use 
of aspirin or other medications that affect the co-
agulation system [25]. Antivirals such as ribavirin 
have shown poor efficacy in treating CCHF pa-
tients [26-29].
In severe CCHF cases characterised by a dysregu-
lated inflammatory response, anti-inflammatory 
drugs like high-dose methylprednisolone, when 
combined with ribavirin, have shown improved 
outcomes [30]. A clinical trial, conducted in Iran 
from 2010 to 2011, aimed to assess the treatment 
outcomes for patients experiencing severe throm-
bocytopenia (less than 50,000/mm³) due to CCHF. 
Thirteen patients in the intervention group were 

administered ribavirin and high-dose methyl-
prednisolone, while 22 patients in the control 
group received ribavirin alone. Results indicated 
that patients who received high-dose methylpred-
nisolone exhibited a significant increase in platelet 
and white blood cell counts within 36 hours (p 
<0.001) [30]. 
In regions with limited healthcare, combating 
CCHFV demands urgent public health education 
and vaccination campaigns [31]. The strategy gives 
special importance to proper protective measures, 
including personal equipment in healthcare and 
abattoir settings. Agricultural workers are advised 
to wear protective clothing to minimise tick expo-
sure. Control measures targeting the tick vector, 
such as acaricides and animal quarantine, are de-
cisive, and vaccination is essential for preventing 
CCHFV infections in both humans and livestock. 
Public health education aims to reduce exposure 
activities and prompt symptom recognition, form-
ing a combined approach in areas with restricted 
healthcare access [4]. An infographic on present 
and future potential options against CCHFV is re-
ported in Figure 2. 

Ribavirin 
Different antiviral therapies against CCHFV have 
been investigated. Ribavirin is the only one that 
has been widely used. According to the World 
Health Organization (WHO) and the Centers for 
Disease Control and Prevention (CDC) the ad-
vised dose is: 30 mg/kg per os as an initial loading 
dose, then 15 mg/kg per os every 6 hours for 4 
days, then 7.5 mg/kg per os every 8 hours for 6 
days [32, 33]. Ribavirin (1-beta-D-ribo-furano-
syl-1,2,4-triazole-3-carboxamide) is a synthetic 
purine nucleoside analogue with known broad-
spectrum antiviral activity. It was first tested in 
1972 against both positive- and negative-sense 
DNA and RNA viruses [34]. Later it demonstrated 
activity against viruses responsible for several 
hemorrhagic diseases, such as Lassa fever but 
also hepatitis C and some respiratory viruses (res-
piratory syncytial virus, influenza A and B, mea-
sles) [35, 36]. However, the use of ribavirin, both 
oral and intravenous, as treatment for CCHFV is 
still controversial and few prospective ran-
domised studies are available [37]. In 1985 it was 
employed for the first time as post-exposure 
prophylaxis in a nosocomial CCHF outbreak in 
South Africa. Six CCHFV contacts were treated 

Figure 2 - Present and future potential options against 
CCHFV.
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with ribavirin and only one developed a mild 
clinical disease, the others developed neither clin-
ical CCHF nor antibodies to the virus [38]. In 1995 
three CCHF patients in Pakistan were treated 
with ribavirin with reported rapid benefit [39]. 
Subsequently, ribavirin was successfully em-
ployed as a treatment protocol for CCHF in Iran 
demonstrating its efficacy even when orally ad-
ministered [40]. Oral ribavirin efficacy was deter-
mined to be 34% (RR 0.66, 95% CI, 0.45-0.98) 
among suspected CCHF patients and 80% (RR 
0.20, 95%CI 0.09-0.45) among patients with con-
firmed CCHF disease [40]. Ergonül et al. reported 
that ribavirin significantly reduced the mortality 
rate when administered within 48 hours from 
symptom onset (OR 0.03, 95%CI 0-0.58) [41]. 
However, in 2011, a systematic review and me-
ta-analysis stated that the evidence for the effec-
tiveness of ribavirin was limited [26]. The low 
quality of evidence has been reported also by 
Johnson S. et al. in 2018 [27]. In 2018, Ergonül et al. 
showed ribavirin efficacy as post-exposure proph-
ylaxis reducing significantly the risk for CCHFV 
infection (OR 0.01, 95%CI 0.003-0.03; p<0.001 at 
univariate and OR 0.009, 95%CI 0.001-0.039; 
p<0.001 at multivariable analysis) [28]. Arab-Baf-
rani et al. in 2019 conducted a systematic review 
and meta-analysis including 24 studies with 1287 
confirmed CCHF patients and, differently from 
previous meta-analyses, excluding suspected cas-
es and overlapping retrospective studies. They 
showed that in the early phases of CCHF disease 
(within four days from symptoms onset), ribavi-
rin has a crucial role in treatment and co-adminis-
tration of corticosteroids could benefit in the hem-
orrhagic phases because the cytokine storm (over-
production of proinflammatory cytokines) is the 
major factor in causing severe tissue damage, 
dysfunction and organ failure [29]. In 2022 D’Ad-
diego et al. conducted a non-randomized con-
trolled trial evaluating the effect of ribavirin on 
the mutation rate of the CCHFV genome in CCHF 
patients compared to ones who received support-
ive care only. They observed a similar rate of de-
crease in virus titers for both groups, suggesting 
that ribavirin treatment did not contribute to a 
reduction of the viral load and therefore other fac-
tors must be involved in CCHFV clearance [42]. 
Currently there is an ongoing trial (NCT02483260) 
on the intravenous use of ribavirin in people with 
CCHF or Lassa fever [43].

Favipiravir
Favipiravir (T-705) is an antiviral drug that selec-
tively inhibits the RNA-dependent RNA polymer-
ase of influenza virus. Favipiravir blocks the repli-
cation of many other RNA viruses, including flavi-
viruses (Yellow Fever and West Nile), paramyxo-
virus, respiratory syncytial virus and noroviruses 
[44]. Both Oestereich et al. and Hawman et al. 
showed the efficacy of favipiravir in inhibiting vi-
ral replication and preventing a lethal outcome 
even when administered in the late phases of 
CCHFV infection in vivo [45, 46]. Furthermore, it 
seems that favipiravir and ribavirin exert syner-
gistic effects in vitro suggesting that a combined 
treatment may provide benefits rather than ad-
verse effects [45]. There is an ongoing Phase 1/2 
trial (NCT05940545) investigating the combina-
tion of ribavirin and favipiravir in the treatment of 
CCHF patients [47].

OTU Protease Inhibitors
Deubiquitinating (DUB) enzymes encoded by 
many viruses have an important role in viral rep-
lication and innate immune evasion. CCHFV L 
protein contains an OTU-domain with DUB activ-
ity that binds to and removes ubiquitin and inter-
feron-stimulated gene15 from their target to cir-
cumvent host antiviral innate immune responses 
[48]. Kocabs and Aslan developed a fluorescent 
reporter assay of CCHFV OTU protease to screen 
CCHFV OTU inhibitors that might possess poten-
tial antiviral activity against CCHFV. In 2015 they 
showed in vitro inhibitory activity of two mole-
cules, especially the compound phenanthrenequi-
none [49].
UbV-CC4 is another screened OTU protease inhib-
itor that showed in vitro strong inhibition of viral 
replication either inhibiting the IFN antagonist 
function of OTU and blocking the formation of ri-
bonucleoprotein complexes, an assembly of mole-
cules containing both protein and RNA necessary 
for virus survival [50, 51].

Other new antivirals
2′-deoxy-2′-fluorocytidine (2′-dFC) is a molecule 
investigated in 2017 by Welch et al. through a 
high-throughput screening assay for its antiviral 
effect against CCHFV, showing potentially superior 
inhibitory activity compared to favipiravir or riba-
virin in vitro [52]. The authors also determined that 
2′-dFC acts synergistically with favipiravir to inhib-
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it CCHFV replication without adverse cytotoxic 
effects. 2′-dFC efficacy against non-encephalitic 
bunyaviruses was also shown by Smee et al. [53].
In 2022 Wang et al. evaluated several nucleoside 
analogues with activity against CCHFV, including 
remdesivir (GS-5734), EIDD-1931 and its pro-drug 
molnupiravir (EIDD-2801) and H44, a favipira-
vir-derived compound. While remdesivir did not 
show any inhibitory effect, the other three mole-
cules inhibited CCHFV infection in vitro at the 
“post-entry” stage of viral infection but only H44 
showed activity in vivo, even with delayed admin-
istration [54].
New horizons in antiviral therapy of CCHF con-
sist in compounds that target host cell pathways 
supporting viral replication. CCHFV enters the 
cells via a clathrin- and early endosome-depend-
ent pathway, which can be potential targets of 
treatments [55].
Among these, chloroquine and chlorpromazine - 
drugs already used as antimalarial and antipsy-
chotic, respectively - showed antiviral activity and 
synergistic effects with ribavirin, suggesting that a 
combined therapy may represent a better treat-
ment strategy for CCHFV infection [50].

Passive immunisation and convalescent plasma
Passive immunisation and convalescent plasma 
therapy have emerged as potential treatment op-
tions for CCHF. Although large-scale trials have 
not been conducted, limited evidence, as dis-
cussed below, suggests that the administration of 
plasma or antibodies from survivors of CCHF can 
confer a benefit in seriously ill patients.
The idea of treating CCHF patients with specific 
immunoglobulin was first proposed by Chumak-
ov in 1944 [56]. Antibodies to CCHFV are typically 
not present within 5-9 days after the onset of 
illness, and patients who die from the disease do 
not usually develop a measurable antibody re-
sponse [57].
A similar lack of antibody development among 
fatal cases is seen in other viral hemorrhagic fe-
vers, such as Argentine haemorrhagic fever and 
Lassa fever [58]. This finding encouraged the ther-
apeutic use of antibodies derived from recovered 
CCHF patients or from animals. In fact, there was 
early recognition of the potential benefits of treat-
ments using serum prepared from the blood of 
recovered CCHF patients or gamma-globulin ob-
tained by immunising horses [59].

Regarding the use of intramuscular or intravenous 
anti-CCHF immunoglobulin, Bulgarian investiga-
tors described the rapid improvement of seven 
severely ill patients treated simultaneously with 
intramuscular and intravenous anti-CCHF immu-
noglobulin, prepared from the plasma of CCHF 
survivor donors, boosted with one dose of CCHF 
vaccine, but its efficacy has still not been assessed 
in a randomised clinical trial [60]. Lazarev et al. in 
1969, suggested that the use of convalescent sera 
in the first 2-3 days of disease was better than 
treatment after 4 days [61]. Moreover, Van Eeden 
et al. described an outbreak of CCHF in South Af-
rica in 1985. A total of 5 patients were enrolled. 
Two patients received 1, and 3 patients received 2 
injections of 250 mL of serum intravenously. All 
the patients who received serum survived. Four 
patients demonstrated symptom improvement af-
ter administration of the first dose. In contrast, 
two untreated patients died and showed no anti-
body response at the time of death, suggesting the 
importance of immune serum therapy for survival 
[62]. Although the results were not statistically sig-
nificant, the authors suggested that a continuous 
infusion of hyperimmune serum over 48-72 hours 
might more effectively influence the disease out-
come [63].
Moreover, intravenous immunoglobulin may be 
effective in patients with CCHF associated with 
secondary hemophagocytic lymphohistiocytosis 
(HLH), during the hemorrhagic period of the dis-
ease [64]. Kubar et al. reported interesting results 
in CCHF patients (n=15) with a high viral load af-
ter administration of hyperimmune globulins pre-
pared from the serum of 22 convalescent patients. 
A total of 26 CCHF patients were enrolled in this 
study. A single dose of 400 KU of hyperimmuno-
globulin was given to each patient before viral 
load was detected. Between 15 patients with a vi-
ral load of 108 copies/mL (a high-risk group) the 
survival rate was found to be 86.6% and 2 patients 
died despite CCHFV hyperimmunoglobulin ad-
ministration [65]. The lack of a control group made 
it difficult to analyse this rate.
The European Centre for Disease Prevention and 
Control 2008 recommendations reported the expe-
rience of specific intramuscular human immuno-
globulin (CCHF-Bulin) used in Bulgaria [66]. They 
have been derived from the plasma of convales-
cent patients and have been used since 1975 for the 
post-exposure prophylaxis of people who have 
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been in contact with suspected CCHF cases or 
treatment of CCHF patients and for prevention of 
bioterrorism. Depending on the case, different 
doses of immunoglobulins were recommended: 
for prophylaxis, 3 mL; for suspected cases, 6 mL; 
and for confirmed cases, 6-9 mL on days 1-5, or 
until a therapeutic effect is achieved [63].

Monoclonal antibodies
Monoclonal antibodies (mAbs) have gained atten-
tion in recent years due to their use against COV-
ID-19, but several molecules are in different stages 
of development for other viral infections such as 
hepatitis C, hepatitis B, Ebola Virus and arbovirus-
es, like CCHFV [67].
Studies on serum of infected patients showed that 
low levels of antibodies are associated with worse 
outcomes, while the development of specific IgG 
within 7-9 days from symptom onset is protective 
from the fatal disease [68, 69]. Therefore, the ad-
ministration of mAbs against CCHFV could theo-
retically be helpful.
We can categorize mAbs into neutralizing anti-
bodies (nAbs) and non-neutralizing antibodies 
(non-nAbs). nAbs target the CCHFV Gc or Gn an-
tigen and can block the virus from entering the 
host’s immune system cells. In contrast, non-nAbs 
are directed to the secreted glycoprotein GP38 of 
CCHFV and can induce activation of complement, 
natural killer cells and phagocytosis, resulting in 
the elimination of infected cells [70, 71].
Among isolated nAbs, 8A1, 30F7 and 11E7 bind 
the Gc antigen and exhibit broad cross-neutraliza-
tion of CCHFV strains analysed between the ones 
isolated throughout Africa, Asia, Middle East and 
southern Europe. Notably, 8A1 displayed a higher 
neutralising activity at lower concentrations in vit-
ro, while combining two or all three molecules did 
not enhance their potency, even if they bind differ-
ent epitopes [72]. Studies conducted on suckling 
mice showed that nAbs inoculated before the ex-
posure to the virus were protective against the le-
thal infection; when they were inoculated after the 
exposure the protection was only partial. Moreo-
ver, the protection was higher when suckling mice 
received anti-Gn nAbs such as 6B12, 11F6, 7F5 or 
8F10, even though they did not prevent cells’ in-
fection in vitro [73].
Fels et al. were able to isolate nAbs against distinct 
epitopes of Gc antigen with various degrees of 
neutralisation potency from CCHF human survi-

vors. Then, the group engineered bispecific anti-
bodies (bsAbs) selecting the molecules that dis-
played a higher synergism. Efficacy was assessed 
in vitro and two bsAbs were identified to test their 
therapeutic effect in vivo on 4-8 weeks old mice. 
DVD-121-801 was the only bsAbs that ensured 
protection from the lethal infection [73]. Golden et 
al. evaluated the efficacy of non-nAb 13G8. 
Prophylactic administration to adult mice later ex-
posed to CCHFV resulted in 60% of survival com-
pared to the negative control mice group, which 
succumbed to the infection. The association of pre- 
and post-exposure administration of 13G8 led to 
an increased survival of >90%, while post-expo-
sure treatment determined 60% of survival if ad-
ministered on day 1 and on day 4. Delayed treat-
ment to day 2 and day 5 lowered the chances of 
survival to 20%. Moreover, it was observed that 
13G8 prevents the virus from spreading to the liv-
er and the spleen of mice creating hemorrhagic 
lesions. Due to the high diversity of the M seg-
ment, the cross-protective efficacy against a differ-
ent viral strain was examined. Despite the initial 
promising results, it was observed a reduction in 
efficacy down to 20% [71].
Further studies confirmed that GP38 could be an 
antigen of interest for new therapies, even if its 
role in viral replication is still unclear. A human 
chimeric mAb, c13G8, and a non-nAb isolated 
from serum of human survivor of CCHF, CC5-17, 
have been compared as they compete for the 
same antigenic site. Their difference in binding is 
22 degrees and enables CC5-17 to engage GP38 
more stably. Therefore, it was investigated if this 
characteristic increased the protective action in 
vivo using infected mouse models, testing two 
dosing regimens. Surprisingly, the higher dosage 
of CC5-17 showed a 50% rate of survival, while 
the higher dosage of c13G8 reached a 65-80% rate 
of survival [74].
The efficacy of mAbs in humans is yet to be tested 
and this represents a great challenge for research-
ers in the future.
Table 1 presents an overview of various therapies 
being investigated for their efficacy against viral 
infections. Each therapy is categorised based on its 
class, mechanism of action, and available efficacy 
data. The efficacy data presented reflect the cur-
rent status of clinical and preclinical research, 
highlighting the need for further investigation and 
validation.
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Vaccines
Preventive strategies for CCHFV are necessary 
due to the lack of available and adequate medical 
treatments. Currently, different strategies for the 
development of an effective and safe CCHFV vac-
cine are under evaluation, including inactivated, 
viral vector-based, subunit and transgenic plant-
based, virus-like particles, and nucleic acid-based 
vaccines [75]. 
Some aspects hinder the development of an effec-
tive and safe vaccine, such as the genetic variabil-
ity of CCHFV, the lack of naturally susceptible 
animal models, incomplete understanding of pro-
tective epitopes and the dynamics of protective 
immune responses, the paucity of heterologous 
challenge studies and the lack of a world-wide in-
terdisciplinary research consortium [75, 76].
Inactivated vaccines are produced by chemical or 
physical inactivation of infectious agents. A mouse 
brain-derived vaccine was in use in Bulgaria 
(1974-1996) in humans [77]. This vaccine is not a 

valid option for widespread use due to safety con-
cerns (potential induction of autoimmune and al-
lergic responses) and lack of efficacy trials [78]. For 
these reasons, the Bulgarian vaccine has never 
been approved by the Food and Drug Administra-
tion or the European Medicines Agency. New at-
tempts have been made to develop a cell cul-
ture-derived vaccine capable of triggering a robust 
immune response, avoiding CCHFV culture on 
suckling mouse brain, thus improving the safety 
profile of these formulations compared to the Bul-
garian vaccine [79, 80]. These approaches are gen-
erally based on the Turkey-Kelkit06 strain of 
CCHFV cultured in Vero-E6 cells [75].
Viral vectored vaccines consist of modified viral 
particles which contain one or more foreign genes 
encoding antigens of the target pathogen. They 
trigger both innate and adaptive immune respons-
es and can be replication-competent or either rep-
lication-deficient. One possible limitation is repre-
sented by the immunisation to the antigenic com-

Table 1 - Summary of therapies in use and under in study.

Therapy Class Mechanism of action Efficacy data

Corticosteroids Anti-inflammatory Affecting genes and transcription 
factors involved in the inflammatory 
pathway to reduce inflammation

More preclinical and clinical 
data need [30]

Convalescent plasma Antibodies Neutralization of viral particles. 
Signalling inhibition of inflammatory 
pathway

More preclinical and clinical 
data needed [60]

Ribavirin Nucleoside analogue Action on RdRp Poor efficacy; more data needed 
on combination therapy [26-29] 

Favipiravir Nucleoside analogue Action on RdRp Good efficacy in late treatment 
in rodents; more clinical data 
needed [45, 46, 54] 

2’-deoxy-2’-fluorocytidine Nucleoside analogue Action on RdRp More preclinical and clinical 
data needed [52, 53] 

Molnupiravir Nucleoside analogue Action on RdRp No efficacy demonstrated [54]

Remdesivir Nucleoside analogue Action on RdRp No efficacy demonstrated [54]

UbV-CC4 OTU protease 
inhibitors

Inhibition of the IFN antagonist 
function of OTU blocking the 
formation of ribonucleoprotein 
complexes

More preclinical and clinical 
data needed [50, 51] 

8A1, 30F7, 11E7, 6B12, 11F6, 
7F5, 8F10, DVD-121-801

Neutralizing 
monoclonal antibodies

Binding Gc and Gn antigen to block 
the virus from entering the host’s cell

More preclinical and clinical 
data needed [50, 72, 73] 

13G8 Non neutralizing 
monoclonal antibodies

Directed to GP38 of CCHFV 
inducing activation of immune 
system

More preclinical and clinical 
data needed [71]

CCHFV: Crimean-Congo haemorrhagic fever virus; IFN: interferon; OUT: ovarian tumor-like protease; RdRp: RNA-dependent RNA-polymerase.
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ponents of the vector that can weaken the immune 
response to the targeted antigen [81]. Genes en-
coding either nucleocapsid proteins (NP) or glyco-
protein precursors (GPC) of CCHFV have been 
inserted in different types of viral vectors, includ-
ing Modified Vaccinia virus Ankara, Adenovirus-
es, Bovine Herpesvirus 4, Vesicular Stomatitis Vi-
rus [75, 82-86].
Subunit vaccines contain CCHFV antigens, such 
as the structural Gn and Gc, or NP. After produc-
tion, viral antigens are purified and can be associ-
ated with adjuvants [75, 76]. CCHFV specific anti-
gens can be produced using the baculovirus ex-
pression system in insect-cells [87]. Alternatively, 
viral antigens can be produced by transgenic 
plants [88]. New attempts are under evaluation to 
increase immunogenicity of CCHFV subunit vac-
cines, exploiting nanoparticles technology [89].
Virus-like particles represent a specific form of 
subunit vaccines, in which structural proteins as-
semble into viral constructions that resemble the 
actual pathogen [84]. In the specific case of CCH-
FV vaccine, virus replicon particles have been re-
alised, including the complete S and L (not M) 
genome segments in the viral particle, allowing 
for a single round of replication. Virus Replicon 
Particles (VRP)-based vaccines have been used in 
animal models to induce specific humoral and 
cell-mediated immunity against CCHFV [90, 91].
In the last three decades DNA vaccines have been 
extensively investigated and attempts to obtain a 
DNA-based CCHFV vaccine started in 2006 [92]. 
DNA vaccines encoding GPC, Glycoprotein Gn, 
Gc, non-structurally secreted protein GP38 and 
NP have been studied in mouse models [93-97]. 
Recently, a DNA-based vaccine, containing NP 
and GPC genes of the CCHFV strain Hoti, was 
tested in a cynomolgus macaque model for CCH-
FV. The vaccine was well tolerated and induced 
CCHFV-specific antibody and T cell responses. 
This is the first vaccine to show efficacy in a 
non-human primate model of CCHF and supports 
advancement into human clinical trials [98, 99].
After the approval of the first two mRNA-based 
vaccines for COVID-19, the application of this plat-
form to different pathogens was rapidly imple-
mented. Although first attempts to develop a 
mRNA based vaccine for CCHFV started in 2019 (S 
segment of the CCHFV Ank-2 strain) [82], the de-
velopment of a carrier system for mRNA with lipid 
nanoparticles improved the immunogenicity and 

efficacy of mRNA vaccines, which were based on 
mRNA encoding GPC, Gc, Gn and NP [100, 101].
Current and future directions for CCHFV vaccine 
development rely on Immunoinformatics and re-
verse vaccinology methods to design a mul-
ti-epitope vaccine for CCHFV that has the poten-
tial to elicit a protective humoral and cellular im-
mune response [102-105]. One phase 1 study on a 
CCHFV vaccine in humans was initiated in 2017 
(NCT03020771); although enrollment was com-
pleted, data are still unavailable [106].
Another phase 1 study is currently ongoing in 
healthy adult volunteers in the United Kingdom 
(ISRCTN 12351734), investigating the safety and 
immunogenicity of a vectored-vaccine against 
CCHFV called “ChAdOx2 CCHF”. This is a repli-
cation-deficient adenoviral-vectored vaccine ex-
pressing the CCHFV GPC [84], developed by the 
University of Oxford.

n	 CONCLUSIONS

CCHF is a severe tick-borne disease that has ex-
panded geographically, driven mainly by ticks mi-
gration. Despite its high fatality rate, no definitive 
treatment exists. Ribavirin shows poor efficacy. 
New antivirals like favipiravir and monoclonal 
antibodies are promising but require more clinical 
data. Vaccines are under development. Prevention 
and early intervention remain critical until effec-
tive vaccines and treatments will be available.
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