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Abstract | The Crimean-Congo hemorrhagic fever virus (CCHFV), which causes causative agent Crimean 
Congo hemorrhagic fever (CCHF, is a tick-borne illness that can cause various symptoms, from non-symp-
tomatic infection to deadly viral hemorrhagic fever. More than 30 nations have reported cases of the disease 
recently. To provide a general understanding of the virology, etiology, pathophysiology, diagnostic testing, and 
diagnostics, and antiviral treatment of CCHF, we provide a critical reviewed of the literature. The chemical 
interactions and life cycle of viruses are intricate and are poorly understood. Despite our limited understand-
ing of pathogenesis and immunobiology, multiple routes contribute to the viral entry, replication, and clinical 
damage. A few autopsy reports have highlighted mention hemorrhages and extravasation involving many 
body organs. A deeper comprehension of the pathophysiology and immunology of the CCHFV virus will en-
hance patient care and hasten the creation of CCHF medication countermeasures. Physicians We anticipate 
that physicians should familiarize themselves with the instruments available for managing and diagnosing 
human CCHFV infections in human.
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Introduction

As in the 12th century, similar clinical character-
istics for Crimean-Congo hemorrhagic fever 

(CCHF) had been reported in Uzbekistan. A sin-
gle-stranded RNA virus with an envelope was isolat-
ed from an afflicted patient and named the Crimean 
hemorrhagic fever virus in 1967 (Aslam et al., 2023). 
Democratic Republic of the Congo in 1956 led to 
the discovery of another virus, known as the Congo 

virus. This virus was first isolated in Congo in 1967 
and the name remained Congo virus until early 1970 
when it was realized that this virus was serological-
ly related to the Crimean hemorrhagic fever virus 
which was isolated in the Crimea in 1944, the name 
therefore changed to Crimean-Congo hemorrhagic 
fever virus (CCHFV) (Papa et al., 2022). The most 
common ways for humans to become infected with 
CCHFV are by tick bites or contact with blood from 
infected animals; human-to-human transmission 
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has also been documented, especially in hospital en-
vironments. In human beings with severe CCHFV 
infection, described as the presence of a live virus, a 
recent worldwide meta-analysis using data collected 
between 1975 and 2020 found a case fatality of 12 
%, a prevalence of 22.5%, an overall seroprevalence of 
11.6% for recent infection, and 4.3% for overall past 
infection. A (-ve) sense, enveloped, multisegmented, 
single-stranded RNA virus belonging to the genus 
Orthonairovirus and family Nairoviridae is called 
CCHFV (Fanelli and Buonavoglia, 2021). Three sin-
gle-stranded, -ve sense RNA molecules make up the 
viral genome, which drives sophisticated replication 
machinery The tri-segmented CCHFV genome is 
prone to errors in replication, which causes antigen-
ic drift and seven different genotypes. Although the 
cell receptor that CCHFV binds to is unknown, it has 
recently been suggested that the low-density lipopro-
tein receptor (LDLR) is essential for CCHFV cell 
entrance. A wide spectrum of human cells is suscep-
tible to viral infection, which can cause damage both 
directly through viral infection and indirectly through 
altered pro-inflammatory immune response and vas-
cular permeability (Quaranta et al., 2020). Humans are 
the only animals that can get the disease from CCH-
FV infection, while other cattle and wild animals have 
been reported to experience asymptomatic transitory 
viremia that can last up to 15 days. Shock, disseminat-
ed intravascular coagulation, and vascular dysfunction 
that results in an overactive proinflammatory immune 
response, are correlated with fatal human disease (Ber-
nard et al., 2022). Declining viremia is correlated with 
the detection of IgM, which is typically detectable 1 
week after the illness begins, and IgG, which is typi-
cally present 1-2 weeks after sickness onset. However, 
there is no correlation between the antibody response 
to CCHFV and the outcome of the disease or vacci-
nation-induced protection (Muzammil et al., 2024).

Virology of CCHFV
The virions of CCHFV are 85–125 nm in diameter, 
pleiomorphic, and mostly spherical. Ticks from the 
genera Hyalomma, Rhipicephalus, and Dermacen-
tor serve as vectors and reservoirs for the life cycle of 
CCHFV, affecting both wild and domestic animals 
as hosts. Transovarial and transstadial tick-to-tick 
transmission and tick-to-vertebrate host transmission 
are all part of the natural cycle (Shah et al., 2023). 
Humans, unable to infect ticks, are considered inci-
dental or dead-end hosts for the virus. The nonstruc-
tural protein (NS) and nucleocapsid protein (NP) are 

encoded by the small (S) segment of the CCHFV 
virions’ tri-segmented, -ve sense RNA genome. The 
large (L) segment encodes the RNA-dependent RNA 
polymerase (RdRP), while the medium (M) segment 
encodes several NS and membrane glycoproteins Gc 
and Gn (Karaaslan et al., 2021). The NP, consisting 
of a projecting arm, globular domain, and a tiny NS, 
is encoded by the S segment (NSs). The NP interacts 
with viral RNA to create ribonucleoprotein (RNP) 
complexes. Additionally, during the intracellular rep-
lication of the virus, the NP interacts with host heat 
shock proteins and carries out endonuclease activity 
that supports transcription, assembly, and viral repli-
cation. There have been theories suggesting NP and 
NS may also be involved in cellular apoptosis. The li-
pid envelope of the virion contains spikes composed 
of Gn and Gc. Interestingly, there is a strong correla-
tion between the density of LDLR and CCHFV in-
fectivity (Leventhal et al., 2021). Gc is supposed to at-
tach to cellular receptors and has been found to attach 
to the LDLR present in a range of human cells. It 
has also been found that neutralizing antibodies gen-
erated during the course of the illness target Gc. Gn 
facilitates membrane fusion. MLD and GP38 may 
be involved in glycoprotein processing and inclusion 
into virions. The L segment encodes a single, large 
protein with the RdRp enzyme and cap-snatching 
mechanisms that are required for genome replication. 
Additionally, in the interferon-signaling pathway, 
the ovarian tumor protease (OTU) contained in the 
RdRP protein may inhibit various host-cell antiviral 
systems. Genetically heterogeneous, CCHFV exhib-
its sequence diversity of 20% in the S segment, 31% 
in the M segment, and 22% in the L segment among 
viral isolates (Hawman and Feldmann, 2023). Seven 
CCHFV genotypes correlate with the geographic 
region of parent virus identification based on S seg-
ment sequencing data; consequently, Atkinson named 
the diverse genotypes: Asia 1 and 2, Europe 1 and 2, 
and Africa 1-3. Carroll classified these lineages into 
six clades: I (Africa 3), II (Africa 2), III (Africa 1), 
IV (Asia 1 and 2), V (Europe 1), and VI (Europe 2) 
(Ergünay et al., 2020). A study has demonstrated that 
multiple methods enable CCHFV to evolve and ac-
quire genetic diversity (Rose, 2021). Antigenic drift 
from a shared ancestor can cause the virus to accumu-
late mutations. Additionally, when coinfection with 
two distinct strains takes place, the multisegment-
ed genome permits reassortment events, producing 
a sharp antigenic change. Because it can rise due to 
increased long-distance transfer of infected ticks, re-
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assortment is particularly problematic. It is believed 
that AP92 is either avirulent or has extremely low vir-
ulence in people based on indirect epidemiologic data 
(Granja, 2022). 

Pathogenesis of CCHF
Numerous pathways appear to be involved in viral 
entry, replication, and immune response, even though 
CCHF pathophysiology and immunobiology are 
not well characterized. Following infection by a tick, 
CCHFV enters the skin’s basolateral compartment 
through the epithelium and infects macrophages, 
dendritic cells, and endothelial cells in nearby capillar-
ies and tiny blood vessels ( Jannath and Islam, 2024). 
The Gc part of the envelope protein assists the virus 
in entry into a host cell, probably through interaction 
with LDLR. The decline in the incubation period of 
CCHF within paritas to tick-associated exposure has 
been explained as a result of tick-saliva assisted trans-
mission (SAT) to viruses to facilitate their penetra-
tion and replication as opposed to exposure to blood 
and tissue of infected animals (Neogi et al., 2022). In 
addition to water, ions, host proteins, and exosomes, 
tick saliva contains a variety of peptide and non-pep-
tide compounds. By opposing host-derived vasocon-
strictors, blocking various host cell responses such as 
platelet aggregation, complement pathways, wound 
healing, and local coagulation pathways, and fostering 
local analgesia through bradykinin inhibition, sever-
al tick saliva components may be involved in SAT. 
Depending on the particular tick species, different 
components of tick saliva may mediate different as-
pects of SAT (Ambikan et al., 2023). Human cell lines 
from the kidney, muscle, vascular endothelium, brain, 
lymphocytes, liver, lung, and bone marrow reproduce 
CCHFV in vitro. After first entering the body and 
replicating, CCHFV spreads hematogenously in vivo, 
potentially infecting the kidneys, liver, lungs, spleen, 
and adrenal glands. In humanized mouse models, gli-
al cell and astrocyte infection has been reported, but 
not in human patients as of yet. Apoptosis is one of 
the primary cellular damages caused by CCHFV in-
fection. Indirect harm caused by the virus includes 
increased vascular permeability due to the overexpres-
sion of soluble adhesion molecules. Damage to the 
vascular endothelium stimulates platelet aggregation 
and degranulation, which in turn triggers the intrinsic 
coagulation cascade and, in extreme situations, results 
in disseminated intravascular coagulation (Frank et 
al., 2024). Proinflammatory cytokines are released as 
a result of CCHFV infection, and this can result in 

immune-mediated harm. Severe cases and lethal out-
comes have been linked to a robust proinflammatory 
response. It is yet unknown what immune correlates 
defend against and resolve CCHF. The development 
of an antibody response is linked to improved illness 
outcomes, and IgM and IgG responses are linked to 
decreasing viremia. Antibodies’ function in preventing 
infection is still unknown, though. Severe instances of 
CCHF are known to have a low humoral immune re-
sponse. On the other hand, survivors develop humoral 
and cellular immunity specific to CCHFV, and there 
have been no reports of human reinfection to date. 
Research conducted on nonhuman primates infected 
with CCHFV indicates that neutralizing activity and 
antibody titers are not highly correlated with illness 
severity or outcomes (Ergünay et al., 2020)(Figure 1).

Pathology
Few reports of autopsies or necropsies involving 
CCHF patients have been released to date. Histo-
pathologic studies on two skin biopsies revealed diffuse 
erythrocyte extravasation into the epithelial interstit-
ium, which was linked to skin hemorrhages (Portillo 
et al., 2021). Anecdotally, a liver biopsy taken during a 
nosocomial outbreak in South Africa in 1984 revealed 
diffuse extravasation and inter hepatocyte erythrocyte 
infiltration. The hepatic sinusoids and portal arteries’ 
epithelial cells showed intracytoplasmic virions, while 
electron microscopy revealed indications of hepato-
cyte autolysis and pericapillary edema. There were 
several necrotic foci and widespread necrosis as evi-
dence of liver abnormalities (Kuehnert et al., 2021). 
Remarkably, immunofluorescence revealed viral an-
tigen foci that were out of proportion to the degree 
of necrosis, pointing to potential damage mechanisms 
aside from the direct cytopathic effect of the virus. 
Patients with more significant liver involvement had 
greater thrombus development in their portal and 
central veins. More recent immunohistochemical as-
sessments of liver pathology showed hemorrhagic ne-
crosis and infection of hepatocytes, and Kupffer cells, 
along with mononuclear portal inflammation. There 
were also reports of significant lymphocyte depletion 
and splenic lymphoid apoptosis along with dilated si-
nusoids (Pittman et al., 2023). A macroscopic exam-
ination reveals intestinal hyperemia, liver and spleen 
capsule bleeding, and petechial hemorrhage of the ser-
osa. In addition to hepatocyte necrosis, necropsy from 
an autochthonous case in Spain showed bone mar-
row hemorrhages, full colonic epithelial denudation, 
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Figure 1: Pathogenesis of crimean congo hemorrhagic fever.

sporadic microthrombi, and cytoplasmic macro- and 
micro-vesiculation (Gholizadeh et al., 2022).

Diagnosis
The nonspecific characteristics of CCHF are critical 
for quick diagnosis and the start of violent therapy 
because they raise a high index of suspicion based on 
clinical signs and symptoms, epidemiologic history, 
and preliminary laboratory results (Büyüktuna and 
Doğan, 2021). In contrast to patients whose infec-
tions are detected early, patients in Turkey who ex-
perience delays in diagnosis have higher death rates. 
These delays have been observed in as much as 68% 
of cases. The Selection of the test is influenced by the 
clinical phase, and the diagnosis can be made by either 
the identification of an immune response to CCHFV 
or viral detection as shown in Table 1. Serologic test-
ing is saved for delayed diagnoses or use after day 5 
of symptom onset, even though the majority of viral 
detection tests will be more sensitive than immuno-
assays for diagnosis during the hemorrhagic phases 
(Raabe, 2020). To clarify the diagnosis in a patient 
suspected of having CCHF, a direct viral assay may 
be necessary if a negative antibody test is obtained 
during the second week of illness. Tests for direct 
viral identification are helpful when CCHF is in its 

viremic stages. A broad variety of CCHFV strains can 
be found using viral cultures employing cell lines or 
intracerebral injection of nursing mice; yet, these pro-
cedures are laborious and can take several days to yield 
results. RT-PCR can be helpful for diagnosis up to 2 
weeks after onset of illness (Hamidinejad et al., 2021). 
However, due to the great genetic diversity of CCH-
FV, the accuracy of those tests varies and depends on 
how well the primers used match the different virus 
strains. Early in the course of the disease, viral anti-
gen detection procedures can also be employed, such 
as immunohistochemistry for tissue from autopsy or 
biopsies or ELISA for blood (Büyüktuna and Doğan, 
2021). Assay sensitivity declines as antibodies become 
detectable, although those assays can be performed 
on inactivated materials, need less sophisticated lab-
oratory equipment, and provide results quickly. IgM 
can be detected as early as 3 to 4 days and is often 
detected 1 week after the development of infection. 
It peaks in 1 to 4 weeks and practically disappears by 
the fourth month after the onset of symptoms (Tipih 
and Burt, 2020). In addition to the direct viral iden-
tification techniques mentioned, evidence of an acute 
infection-consistent serologic response can also be 
used to confirm the diagnosis of CCHF (Leventhal 
et al., 2022). ELISA and immunofluorescence tests 
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Table 1: Laboratory tests for diagnosis of Crimean Congo hemorrhagic fever virus.
Test Selection Timing Advantages  Disadvantages References
RT-PCR, 
NAAT

Less than 10-12 
days after onset of 
symptoms

In BSL-2 or 3 facilities, NAAT 
can be performed on inactivat-
ed material. There are numerous 
multiplex tests available, some of 
which can measure viral load.

varying sensitivity based on how well 
the primers and the infecting strain 
match. Depending on the location, 
sensitivity and specificity can change.

(Serretiello et al., 
2020)

Viral Culture shortly after the 
onset of symptoms

 Detect a broad variety of CCHFV 
strains.

BSL-3 or 4 laboratories are needed, 
and they are hard to come by in 
endemic areas. takes several days to 
produce an outcome.

(Cross et al., 
2020) (Serretiello 
et al., 2020)

Immunohis-
to-chemistry

1-2 weeks after on-
set of symptoms

can support the diagnosis of fatal 
cases in retrospect.

Requires Biopsy. (Pongombo, 
2022)

Viral IgG 
detection
ELISA

4-5 days after onset 
of symptoms

Timely provide results.
less specialization is needed in 
Laboratory equipment 

sensitivity declines with the detec-
tion of CCHFV antibodies.

(Shrivastava et 
al., 2021)

are the most popular methods for CCHFV serologic 
testing, which is normally advised 4-6 days following 
the onset of symptoms, the ELISA results are reliable 
with severe infections. Certain CCHFV antibody as-
says have been shown to cross-react with the Hazara 
virus, and the Nairobi sheep disease serogroup, which 
also causes disease in some CCHF endemic locations 
(Matthews, 2022). 

Antiviral Treatment
Ribavirin has also been used to treat CCHF in addi-
tion to post-exposure prophylaxis. In mouse models, 
ribavirin lowers CCHFV levels (Fabara et al., 2021). 
However, infected humans treated with ribavirin did 
not show comparable reductions in viremia compared 
to untreated control patients. Nevertheless, the ma-
jority of evidence from human studies of ribavirin for 
CCHF treatment comes from retrospective analyses 
and case-control studies (Dai et al., 2021). Apart from 
diverse study designs, other heterogeneous factors that 
could impact study results are differences in ribavirin 
administration routes and dosages, when to start riba-
virin, co-administration of other possible medications 
that modify the course of the disease, patient severity, 
and variances in the predominant strains of CCHFV 
in different regions (Nasirian, 2020). These elements 
make it more difficult to compare the efficacy of riba-
virin between studies. Favipiravir inhibits RNA pol-
ymerase activity in a broad range of viruses. Studies 
conducted in vitro indicate that favipiravir-induced 
premature chain termination for CCHFV surpasses 
that of ribavirin and that combining ribavirin and fa-
vipiravir has synergistic antiviral effects (Łagocka et 
al., 2021).

Conclusions and Recommendations 

CCHFV is a tick-borne, encapsulated, RNA virus. 
The chemical interactions and natural cycle of the 
virus are intricate and are poorly understood. We 
have revealed that several biochemical events are 
involved in the viral entry, replication, and develop-
ment of pathological manifestations. There are very 
scanty reports of scarcity of information on autopsy 
of multi-organ involvement with extravasation and 
hemorrhages’, and hence the pathogenesis and immu-
nobiology need further studies in the future. Increas-
ing our understanding of the pathophysiology and 
immunology of CCHFV will improve patient treat-
ment and expedite the creation of CCHFV-specific 
medications. Given its extensive geographic distribu-
tion, capacity to spread to new areas, genetic diversity 
tendency, and potential for severe and deadly illness, 
CCHFV continues to pose a hazard to public health. 
While infection control strategies can help lower the 
risk of CCHFV transmission in community and clin-
ical settings, they must be applied correctly and con-
sistently. New prophylactics, therapies, and diagnostic 
tests for CCHF are desperately needed. The current 
lack of approved therapeutic and preventive medica-
tions, knowledge gaps regarding the pathophysiology 
and immunology of CCHFV, and the sluggish devel-
opment of medical countermeasures against CCHFV 
are partly caused by the scarcity of animal models and 
the stringent biosafety measures required to work 
with CCHFV safely. 



Continued Publication - 2024 | Volume 11 | Page 83

Hosts and Viruses

Author’s Contributions

Muhammad Sajid: Conceptualized and wrote the 
manuscript.
Muhammad Azam, Muhammad Hamid and Usama 
Ayyub: Contribute to Investigation and Data Collec-
tion.

Conflict of interest
The authors have declared no conflict of interest.

References

Ambikan, A.T., Elaldi, N., Svensson-Akusjär-
vi, S., Bagci, B., Pektas, A.N., Hewson, R., 
Mardinoglu, A. 2023. Systems-level temporal 
immune-metabolic profile in Crimean-Congo 
hemorrhagic fever virus infection. Proceed. Nat. 
Acad. Sci., 120(37), e2304722120. https://doi.
org/10.1073/pnas.2304722120

Aslam, M., Abbas, R.Z., and Alsayeqh, A. 2023. 
Distribution pattern of crimean–Congo hem-
orrhagic fever in Asia and the Middle East. 
Front. Public Health, 11, 1093817. https://doi.
org/10.3389/fpubh.2023.1093817

Bernard, C., Holzmuller, P., Bah, M.T., Bastien, 
M., Combes, B., Jori, F., and Vial, L. 2022. 
Systematic review on Crimean–Congo hemor-
rhagic fever enzootic cycle and factors favoring 
virus transmission: special focus on France, an 
apparently free-disease area in Europe. Front. 
Vet. Sci., 9, 932304. https://doi.org/10.3389/
fvets.2022.932304

Büyüktuna, S.A., and Doğan, H.O. 2021. Diag-
nosis, Prognosis and Clinical Trial in Crime-
an-Congo Hemorrhagic Fever. In Human Vi-
ruses: Diseases, Treatments and Vaccines: The 
New Insights (pp. 207-219): Springer. https://
doi.org/10.1007/978-3-030-71165-8_11

Cross, R.W., Prasad, A.N., Borisevich, V., Geisbert, 
J.B., Agans, K.N., Deer, D.J., and Geisbert, T. W. 
2020. Crimean-Congo hemorrhagic fever virus 
strains Hoti and Afghanistan cause viremia and 
mild clinical disease in cynomolgus monkeys. 
PLoS Neglect. Trop. Dis., 14(8), e0008637. 
https://doi.org/10.1371/journal.pntd.0008637

Dai, S., Deng, F., Wang, H., and Ning, Y. 2021. 
Crimean-Congo hemorrhagic fever virus: cur-
rent advances and future prospects of antivi-
ral strategies. Viruses, 13(7), 1195. https://doi.
org/10.3390/v13071195

Ergünay, K., Dinçer, E., Kar, S., Emanet, N., 
Yalçınkaya, D., Dinçer, P.F.P., and Özkul, A. 
2020. Multiple orthonairoviruses including 
Crimean-Congo hemorrhagic fever virus, Tam-
dy virus and the novel Meram virus in Anato-
lia. Ticks and Tick-Borne Dis., 11(5), 101448. 
https://doi.org/10.1016/j.ttbdis.2020.101448

Fabara, S.P., Ortiz, J.F., Smith, D.W., Parwani, J., 
Srikanth, S., Varghese, T., and Tirupathi, R. 
2021. Crimean-Congo hemorrhagic fever be-
yond ribavirin: a systematic review. Cureus, 
13(9). https://doi.org/10.7759/cureus.17842

Fanelli, A., and Buonavoglia, D. 2021. Risk of 
Crimean Congo haemorrhagic fever virus 
(CCHFV) introduction and spread in CCHF-
free countries in southern and Western Eu-
rope: A semi-quantitative risk assessment. One 
Health, 13, 100290. https://doi.org/10.1016/j.
onehlt.2021.100290

Frank, M.G., Weaver, G., and Raabe, V. 2024. 
Crimean Congo Hemorrhagic Fever Virus for 
Clinicians—Virology, Pathogenesis, and Pa-
thology. Emerg. Infect. Dis., 30(5), 847. https://
doi.org/10.3201/eid3005.231646

Gholizadeh, O., Jafari, M.M., Zoobinparan, R., 
Yasamineh, S., Tabatabaie, R., Akbarzadeh, S., 
and Dadashpour, M. 2022. Recent advances in 
treatment Crimean–Congo hemorrhagic fever 
virus: a concise overview. Microbial. Pathogen., 
169, 105657. https://doi.org/10.1016/j.mic-
path.2022.105657

Granja, G. 2022. The evolution, molecular epide-
miology and genomic sampling of emerging 
viruses. 

Hamidinejad, M.A., Ghaleh, H.E.G., Farzane-
hpour, M., Bolandian, M., and Dorostkar, R. 
2021. Crimean-Congo hemorrhagic fever from 
the immunopathogenesis, clinical, diagnostic, 
and therapeutic perspective: A scoping review. 
Asian Pacific J. Trop. Med., 14(6), 254-265. 
https://doi.org/10.4103/1995-7645.315899

Hawman, D.W., and Feldmann, H. 2023. Crime-
an–Congo haemorrhagic fever virus. Nat. 
Rev. Microbiol., 21(7), 463-477. https://doi.
org/10.1038/s41579-023-00871-9 

Jannath, S., and Islam, M.R. 2024. The current 
pathogenicity and potential risk evaluation of 
Crimean-Congo hemorrhagic fever virus to 
cause mysterious “Disease X”—An updated 
literature review. Health Sci. Rep., 7(6), e2209. 
https://doi.org/10.1002/hsr2.2209

https://doi.org/10.1073/pnas.2304722120
https://doi.org/10.1073/pnas.2304722120
https://doi.org/10.3389/fpubh.2023.1093817
https://doi.org/10.3389/fpubh.2023.1093817
https://doi.org/10.3389/fvets.2022.932304
https://doi.org/10.3389/fvets.2022.932304
https://doi.org/10.1007/978-3-030-71165-8_11
https://doi.org/10.1007/978-3-030-71165-8_11
https://doi.org/10.1371/journal.pntd.0008637
https://doi.org/10.3390/v13071195
https://doi.org/10.3390/v13071195
https://doi.org/10.1016/j.ttbdis.2020.101448
https://doi.org/10.7759/cureus.17842
https://doi.org/10.1016/j.onehlt.2021.100290
https://doi.org/10.1016/j.onehlt.2021.100290
https://doi.org/10.3201/eid3005.231646
https://doi.org/10.3201/eid3005.231646
https://doi.org/10.1016/j.micpath.2022.105657
https://doi.org/10.1016/j.micpath.2022.105657
https://doi.org/10.4103/1995-7645.315899
https://doi.org/10.1038/s41579-023-00871-9
https://doi.org/10.1038/s41579-023-00871-9
https://doi.org/10.1002/hsr2.2209


Continued Publication - 2024 | Volume 11 | Page 84

Hosts and Viruses

Karaaslan, E., Çetin, N.S., Kalkan-Yazıcı, M., Has-
anoğlu, S., Karakeçili, F., Özdarendeli, A., and 
Doymaz, M.Z. 2021. Immune responses in 
multiple hosts to nucleocapsid protein (NP) 
of Crimean-Congo hemorrhagic fever virus 
(CCHFV). PLoS Neglect. Trop. Dis., 15(12), 
e0009973. https://doi.org/10.1371/journal.
pntd.0009973

Kuehnert, P.A., Stefan, C.P., Badger, C.V., and Ricks, 
K.M. 2021. Crimean-Congo hemorrhagic fever 
virus (CCHFV): a silent but widespread threat. 
Curr. Trop. Med. Rep., 8, 141-147. https://doi.
org/10.1007/s40475-021-00235-4

Łagocka, R., Dziedziejko, V., Kłos, P., and Pawlik, 
A. (2021). Favipiravir in therapy of viral in-
fections. J. Clin. Med., 10(2), 273. https://doi.
org/10.3390/jcm10020273

Leventhal, S.S., Meade-White, K., Rao, D., Had-
dock, E., Leung, J., Scott, D., and Feldmann, 
H. 2022. Replicating RNA vaccination elic-
its an unexpected immune response that ef-
ficiently protects mice against lethal Crime-
an-Congo hemorrhagic fever virus challenge. 
EBioMedicine, 82. https://doi.org/10.1016/j.
ebiom.2022.104188

Leventhal, S.S., Wilson, D., Feldmann, H., and 
Hawman, D.W. 2021. A look into bunyavi-
rales genomes: functions of non-structural 
(NS) proteins. Viruses, 13(2), 314. https://doi.
org/10.3390/v13020314

Matthews, J.M. 2022. Sero-epidemiological inves-
tigation of Crimean-Congo hemorrhagic fever 
virus infection in humans and livestock in West 
Africa. 

Muzammil, K., Rayyani, S., Abbas Sahib, A., 
Gholizadeh, O., Naji Sameer, H., Jwad Kazem, 
T., and Yasamineh, S. 2024. Recent Advances in 
Crimean-Congo Hemorrhagic Fever Virus De-
tection, Treatment, and Vaccination: Overview 
of Current Status and Challenges. Biol. Proced. 
Online, 26(1), 1-42. https://doi.org/10.1186/
s12575-024-00244-3

Nasirian, H. 2020. New aspects about Crime-
an-Congo hemorrhagic fever (CCHF) cases 
and associated fatality trends: A global system-
atic review and meta-analysis. Comparative 
Immunol. Microbiol. Infect. Dis., 69, 101429. 
https://doi.org/10.1016/j.cimid.2020.101429

Neogi, U., Elaldi, N., Appelberg, S., Ambikan, A., 
Kennedy, E., Dowall, S., and Svensson-Ak-
usjärvi, S. 2022. Multi-omics insights into 

host-viral response and pathogenesis in Crime-
an-Congo hemorrhagic fever viruses for novel 
therapeutic target. Elife, 11, e76071. https://
doi.org/10.7554/eLife.76071

Papa, A., Marklewitz, M., Paraskevopoulou, S., 
Garrison, A.R., Alkhovsky, S.V., Avšič-Žu-
panc, T., and Di Paola, N. 2022. History and 
classification of Aigai virus (formerly Crime-
an–Congo haemorrhagic fever virus genotype 
VI). J. Gen. Virol., 103(4), 001734. https://doi.
org/10.1099/jgv.0.001734

Pittman, P.R., Martin, J.W., Kingebeni, P.M., Tam-
fum, J.J.M., Mwema, G., Wan, Q., and Reyn-
olds, M.G. 2023. Clinical characterization and 
placental pathology of mpox infection in hos-
pitalized patients in the Democratic Republic 
of the Congo. PLoS Neglect. Trop. Dis., 17(4), 
e0010384. https://doi.org/10.1371/journal.
pntd.0010384

Pongombo, B.L. 2022. Study on serological diag-
nostic assays for Crimean-Congo hemorrhagic 
fever. 

Portillo, A., Palomar, A.M., Santibáñez, P., and 
Oteo, J.A. 2021. Epidemiological aspects of 
Crimean-Congo hemorrhagic fever in Western 
Europe: what about the future? Microorgan-
isms, 9(3), 649. https://doi.org/10.3390/micro-
organisms9030649

Quaranta, P., Lottini, G., Chesi, G., Contrafatto, F., 
Russotto, R., Macera, L., and Botta, M. 2020. 
DDX3 inhibitors show antiviral activity against 
positive-sense single-stranded RNA viruses 
but not against negative-sense single-stranded 
RNA viruses: The coxsackie B model. Antiviral 
Res., 178, 104750. https://doi.org/10.1016/j.
antiviral.2020.104750

Raabe, V.N. 2020. Diagnostic testing for Crime-
an-Congo hemorrhagic fever. J. Clin. Micro-
biol., 58(4), 10-1128. https://doi.org/10.1128/
JCM.01580-19 

Rose, H. 2021. The Molecular Determinants of 
Virulence in Crimean-Congo Hemorrhagic 
Fever Virus. 

Serretiello, E., Astorri, R., Chianese, A., Stelitano, 
D., Zannella, C., Folliero, V., and Galdiero, M. 
2020. The emerging tick-borne Crimean-Con-
go haemorrhagic fever virus: A narrative review. 
Travel Med. Infect. Dis., 37, 101871. https://
doi.org/10.1016/j.tmaid.2020.101871

Shah, T., Li, Q., Wang, B., Baloch, Z., and Xia, X. 
2023. Geographical distribution and patho-

https://doi.org/10.1371/journal.pntd.0009973
https://doi.org/10.1371/journal.pntd.0009973
https://doi.org/10.1007/s40475-021-00235-4
https://doi.org/10.1007/s40475-021-00235-4
https://doi.org/10.3390/jcm10020273
https://doi.org/10.3390/jcm10020273
https://doi.org/10.1016/j.ebiom.2022.104188
https://doi.org/10.1016/j.ebiom.2022.104188
https://doi.org/10.3390/v13020314
https://doi.org/10.3390/v13020314
https://doi.org/10.1186/s12575-024-00244-3
https://doi.org/10.1186/s12575-024-00244-3
https://doi.org/10.1016/j.cimid.2020.101429
https://doi.org/10.7554/eLife.76071
https://doi.org/10.7554/eLife.76071
https://doi.org/10.1099/jgv.0.001734
https://doi.org/10.1099/jgv.0.001734
https://doi.org/10.1371/journal.pntd.0010384
https://doi.org/10.1371/journal.pntd.0010384
https://doi.org/10.3390/microorganisms9030649
https://doi.org/10.3390/microorganisms9030649
https://doi.org/10.1016/j.antiviral.2020.104750
https://doi.org/10.1016/j.antiviral.2020.104750
https://doi.org/10.1128/JCM.01580-19
https://doi.org/10.1128/JCM.01580-19
https://doi.org/10.1016/j.tmaid.2020.101871
https://doi.org/10.1016/j.tmaid.2020.101871


Continued Publication - 2024 | Volume 11 | Page 85

Hosts and Viruses

genesis of ticks and tick-borne viral diseases. 
Front. Microbiol., 14, 1185829. https://doi.
org/10.3389/fmicb.2023.1185829

Shrivastava, N., Kumar, J.S., Yadav, P., Shete, A.M., 
Jain, R., Shrivastava, A., and Dash, P.K. 2021. 
Development of double antibody sandwich 
ELISA as potential diagnostic tool for rapid 

detection of Crimean-Congo hemorrhagic fe-
ver virus. Sci. Rep., 11(1), 14699. https://doi.
org/10.1038/s41598-021-93319-0

Tipih, T., and Burt, F.J. 2020. Crimean–Congo hem-
orrhagic fever virus: advances in vaccine devel-
opment. BioResearch Open Access, 9(1): 137-
150. https://doi.org/10.1089/biores.2019.0057

https://doi.org/10.3389/fmicb.2023.1185829
https://doi.org/10.3389/fmicb.2023.1185829
https://doi.org/10.1038/s41598-021-93319-0
https://doi.org/10.1038/s41598-021-93319-0
https://doi.org/10.1089/biores.2019.0057

