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Abstract

Crimean-Congo hemorrhagic fever virus (CCHFV) is a tick-borne virus, and zoonosis, and affects large regions of
Asia, Southwestern and Southeastern Europe, and Africa. CCHFV can produce symptoms, including no specific
clinical symptoms, mild to severe clinical symptoms, or deadly infections. Virus isolation attempts, antigen-capture
enzyme-linked immunosorbent assay (ELISA), and reverse transcription polymerase chain reaction (RT-PCR) are all
possible diagnostic tests for CCHFV. Furthermore, an efficient, quick, and cheap technology, including biosensors,
must be designed and developed to detect CCHFV. The goal of this article is to offer an overview of modern
laboratory tests available as well as other innovative detection methods such as biosensors for CCHFV, as well

as the benefits and limits of the assays. Furthermore, confirmed cases of CCHF are managed with symptomatic
assistance and general supportive care. This study examined the various treatment modalities, as well as their
respective limitations and developments, including immunotherapy and antivirals. Recent biotechnology
advancements and the availability of suitable animal models have accelerated the development of CCHF vaccines
by a substantial margin. We examined a range of potential vaccines for CCHF in this research, comprising nucleic
acid, viral particles, inactivated, and multi-epitope vaccines, as well as the present obstacles and developments in
this field. Thus, the purpose of this review is to present a comprehensive summary of the endeavors dedicated

to advancing various diagnostic, therapeutic, and preventive strategies for CCHF infection in anticipation of
forthcoming hazards.

*Correspondence:

Rahadian Zainul
rahadianzmsiphd@fmipa.unp.ac.id
Saman Yasamineh
Yassaman124@gmail.com

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12575-024-00244-3&domain=pdf&date_stamp=2024-6-14

Muzammil et al. Biological Procedures Online (2024) 26:20

Graphical Abstract

viral vectord s
vaccine

Nucleoprotein 1.\1]‘!

CCHFYV prevention

method

Ticks
(Hyalomma)

occur after several days of illnesses 2

Ribavirin ﬂ include petec ash, ecchymoses,
Novel hematemesis, and melaena.
antiviral
drug
5
—
NGS

Biosensor

Page 2 of 42

g
A

Inactivated
vaccine

Proteinsﬂ'
vau ;.r

&8

Crimean-Congo
hemorrhagic fever

Biomarkers
IeM

virus (CCHFV) Y \*#
5 . L
i ii
CCHFV
Nucleoprotein (NP) Genome
and Detection
methods

Microarray qRT-PCR

. Analytes to be tested % R
DN
] N‘ L

Rapid test

. Bioreceptors
Interface

e Transducer g

%

For the protection of medical personnel and effective case management, an early diagnosis of Crimean-Congo hemorrhagic fever (CCHF) is critical.

CCHF is diagnosed through laboratory procedures such as RT-PCR, ELISA, vi

This review examines several biomarkers researched for their potential use i

irus isolation attempts, and ELISA detection of IgG and IgM antibodies.
n the diagnosis and prognosis of critical viral infections. It also explores

the utility of more traditional diagnostic markers in predicting secondary complications, distinguishing Crimean-Congo hemorrhagic fever virus

(CCHFV) infection, and serving as severity indicators. CCHFV vaccine develop
alethal animal infection model. Hence, this review aims to furnish a compreh

ment is advancing at an accelerated rate, facilitated by the availability of
ensive synopsis of the endeavors devoted to various vaccine candidates

utilizing distinct approaches against CCHFV. These candidates comprise inactivated, virus-like particles, recombinant proteins, and nucleic acid
vaccines. Furthermore, supportive therapy serves as the principal modality of treatment. Human cases of CCHF have been treated with ribavirin, a

broad-spectrum antiviral medication; nevertheless, the therapeutic advanta

ges of this intervention remain elusive. This article analyzes the present

advancements and prospective trajectories in the realm of antiviral approaches targeting CCHFV.

Keywords Crimean-Congo hemorrhagic fever virus (CCHFV

Introduction

Crimean—Congo hemorrhagic fever virus (CCHFV) evi-
dence was first recorded in the former Soviet Union’s
Crimean region in 1944, and numerous other infected
persons were documented in other southern Soviet
republics, South Africa, and Bulgaria over the next
years. Because the same disease was discovered in the
Congo area in 1969, CCHFV was labeled “Crimean-
Congo hemorrhagic fever” [1]. CCHFV is a global tick-
borne infection with a high death rate (30% or more in

), Detection, Treatment, Vaccination

certain cases) and a broad geographic range. Cases of
CCHE, which is caused by CCHFYV, have been recorded
from Africa to Middle East Asia to Southern and East-
ern Europe. No licensed vaccines or specialized antivirals
exist to treat CCHEF, and as the Hyalomma tick’s distri-
bution expands, so do the people at risk. Additionally,
despite yearly reports of CCHE, knowledge of the host
and viral drivers of CCHFV pathogenesis is limited.
CCHFV’s relationship with both creatures and humans is
dichotomous. Although CCHFYV can infect a wide variety
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of domesticated and feral mammalian species, includ-
ing ovines and bovines, as well as specific avian species
like ostriches, it does not induce substantial morbid-
ity in these organisms [2, 3]. The World Health Organi-
zation (WHO) considers the CCHFV to be one of the
seven highest prevalence infectious diseases of epidemic
potential. Because of its epidemic potential, high lethal-
ity of human clinical infections, and lack of effective miti-
gation strategies, it poses a severe public health risk that
requires immediate investigation [4, 5]. CCHFV is a neg-
ative-sense single-stranded-RNA virus with a negative
sense (CCHFV; family Nairoviridae, genus Orthonairovi-
rus) [6-9]. Among arboviruses, CCHFV has the largest
genetic diversity; isolates differ in nucleotide sequences
by 20% for the viral S segment and 31% for the viral M
segment [10-12]. The Crimean Congo virus is envel-
oped and spherical with a size of 90 nm and a negative
single-strand RNA virus with three fragments. CCHFV is
a negative-sense, tri-segmented RNA bunyavirus mem-
ber of the Nairoviridae family. CCHFV is characterized
by a genome consisting of three parts, each containing
negative polarity RNA. It is transmitted and maintained
by ticks. The small (S), medium (M), and large (L) seg-
ments of CCHFV have non-coding regions (NCRs) at
their 5 and 3’ termini. These NCRs contribute to the
circular appearance of the bunyavirus genomes. The nine
terminal nucleotides (5'-UCUCAAAGA and 3'-AGAG
UUUCU) are conserved among nairoviruses and act as
viral promoter regions. The NCRs are essential for the
viral RNA-dependent RNA polymerase (RdRp or L pro-
tein) to bind and initiate transcription and/or replication
of the viral genome. Although the complete sequences of
NCRs differ between viral segments, each NCR can ini-
tiate encapsidation, transcription, replication, and pack-
aging of the genomes into new virions [13, 14]. Until
recently, it was thought that each of the three segments
of CCHFV encoded a single protein. However, it has
been discovered that a second protein, the non-struc-
tural S (NSS), is encoded in the S segment in the oppo-
site orientation relative to the nucleoprotein (NP) gene,
suggesting that CCHFV may be an ambisense virus. The
ambisense coding in CCHFV involves overlapping cod-
ing regions, which is different from ambisense coding in
bunyaviruses and arenaviruses, where the viral proteins
are encoded in the opposite orientation and separated by
an intergenic region acting as a transcription termination
signal. The S segment (~ 1.6 kb), which is similar to other
bunyaviruses, is significantly larger than those of other
bunyaviruses [15, 16]. Encapsidated viral RNA (vVRNA)
segments form genomic ribonucleoprotein (RNPs) com-
plexes with NP and L proteins. The lipid envelope and the
surface glycoproteins (GPs) Gn and Gc are acquired by
the genomic RNPs, allowing them to be packed into viral
particles [16]. As shown by its interactions with VRNA
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to form RNPs complexes, its endonuclease activity, its
interactions with host heat shock proteins during intra-
cellular viral replication and in infectious particles, and
its promotion of viral mRNA translation, NP plays a vari-
ety of roles in the CCHFV life cycle. Controlling host cell
apoptosis is essential for the CCHFV life cycle, as shown
by the ability of NP and NSs to impact it. Both in vitro
and in vivo, CCHFV infection results in the death of host
cells, and it has been shown that those infected with the
virus have higher levels of biomarkers linked to apopto-
sis. Therefore, it is unclear whether host apoptosis is pro-
or antiviral. In vitro, when host apoptosis was inhibited,
virus titers rose, suggesting an antiviral impact. CCHFV
NP may inhibit the activation of caspase 3 and caspase 9,
as well as the induction of apoptosis caused by BAX and
the release of cytochrome c from mitochondria, despite
the fact it is unclear where in the intrinsic apoptosis path-
way NP stops activation. All of these results point to the
possibility that CCHFV suppresses this host response
via the usage of its NP protein and that the virus may be
inhibited by host apoptosis [17]. Cleavage of the M poly-
protein precursor generates the two envelope GPs, three
secreted nonstructural proteins (GP38, GP85, or GP160,
representing GP38 alone or GP38 linked to a mucin-like
protein (MLD)), and a double-membrane-spanning pro-
tein known as NSm. Although the precise roles of these
proteins remain unknown, it has been demonstrated that
inhibiting GP38 expression and secretion correlates with
a decline in preGn to Gn conversion and a slowing of
growth kinetics in the early stages of an infection. Addi-
tionally, the CCHFV MLD-GP38 proteins (GP160/GP85)
contain an N-terminal domain encompassing Furin-
secreted MLD from GP38. Previously, the significance
of GP38 in combating the lethal CCHFV challenge was
underscored by the protective effect of non-neutralizing
monoclonal antibodies (mAbs) that target GP38 [18-21]
(Fig. 1).

The virus is mainly spread to humans through the bite
of infected Hyalomma spp. ticks. Humans can contract
CCHEV through contact with the blood, secretions,
organs, or other bodily fluids of infected individuals and
livestock during slaughter, in addition to infection via
mosquito bites. This increases the susceptibility of indi-
viduals in intimate contact with animals, such as pas-
toralists, veterinarians, and abattoir staff, to CCHFV
infections. The villagers, butcher, hospital staff, rancher,
veterinarian, and others susceptible to tick bites are all
at risk [23, 24]. Because CCHFYV is challenging to detect
in human hosts, it goes unrecognized until human cases
emerge, distinguished by a fast onset of symptoms [25,
26]. The unprecedented rise in both expansion patterns
and the quantity of CCHFV patients is because of the
lack of adequate and appropriate epidemiologic studies
in both animals and humans, which is related to a lack
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Fig. 1 Structure of CCHFV and genomic structure. The negative-stranded RNA linear genome is made up of three segments: L, M, and S. Each segment
of structural proteins that are implicated in viral life cycle processes such as assembly, replication, encapsidation, immunological evasion, and transit
carries genetic information. These structural proteins comprise the polyprotein and ribonucleoprotein complex: RNA polymerase, nucleoprotein precur-
sors (GPC), and NP. The M segment is responsible for generating a combination of wholly or partially cleaved intracellular proteins known as Precursor
glycoprotein N-terminal (Pre-Gn), non-structural M protein (NSM), and Precursor glycoprotein C-terminal (Pre-Gc). Conversely, the S segment encodes the
non-structural S protein (NSS), expressed at low levels and rapidly degraded by the proteasome in CCHFV-infected cell lines [22]

of inexpensive and efficacious diagnosis and therapy
in prevalent regions of CCHFV [8]. Early diagnosis of
CCHE is crucial for patient treatment and infection con-
trol. An efficient CCHF rapid test therefore is of great
significance [27]. While viral isolation is the established
method for diagnosing CCHE, its implementation is
restricted to high-containment biosafety level 4 facilities,
limiting the number of laboratories capable of employing
this technique. In addition, viral isolation is not devoid of
error or uncertainty because cell cultures lack sensitivity
and typically only detect the relatively high viremia level
observed during the initial five days of illness. Conse-
quently, reference laboratories have been employing the
most optimal and feasible techniques to ascertain the

existence or nonexistence of an infection. For detection
of the viral genome, these techniques include conven-
tional and real-time quantitative reverse transcription
PCR (RT-PCR and qRT-PCR). In contrast, for detection
of specific IgM and IgG antibodies, they involve indirect
immunofluorescence assays (IFAs) or ELISAs [28]. RT—
PCR is the recommended instrument for fast laboratory
detection in the acute disease state among the numerous
diagnostic procedures [29-32]. As a result, while RT-PCR
may be effective in the lab, it is challenging to apply in
settings with limited resources and field hospitals. Com-
mercially available serological diagnostic kits are used to
detect IgM and IgG antibodies. But by the time a detect-
able Ab titer materializes, the patient has begun to heal,
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which lessens its significance for the patient’s clinical out-
come. Owing to the high mortality rate (40%) it is criti-
cal to identify the infection in its early stages, i.e., on days
3-6, so that the patient can begin supportive treatment.
Early on in an infection, antigen detection offers a sim-
ple substitute for virus detection. Although the CCHFV
virus is extensively disseminated, antigen detection sys-
tems are not readily available globally. Thus, the creation
of a secure ELISA assay is desperately needed to detect
the CCHFV antigen in a variety of matrices, such as
serum, ticks, and culture fluids. Due to its high conserva-
tion and immunogenicity, the CCHFV NP is employed as
an early diagnostic marker. Researchers describe a double
Ab-based antigen capture ELISA as a quick and accurate
method for CCHFV detection in this work. There are
now particular polyclonal and mAbs against NP that are
used as detector and capture antibodies, respectively. The
assay demonstrated the ability to identify viral NP in vari-
ous matrices, such as culture supernatant, tick saliva, and
human serum. The sandwich ELISA (sELISA) assay that
was developed had a detection limit of 25 ng of purified
antigen. Its detection limit, as determined by comparison
with a real-time RT-PCR, was 1000 genome equivalents
of CCHFV. Moreover, the assay’s sensitivity and specific-
ity were 100% compared to a commercial kit that used
gamma-irradiated CCHFV. With its high sensitivity and
specificity, the recently created sELISA could be a help-
ful tool for identifying the CCHF virus in ticks, humans,
and culture supernatants. The test will be helpful as an
alternative tool for diagnosing acute infection and is
adaptable for screening of large-scale samples in resource
constraint situations [33].

In a different study, scientists developed a method to
isolate the recombinant CCHFV NP, which is highly
conserved antigenically across many CCHFV lineages
and clades. They examined its potential use in an ELISA
to identify antibodies specific to CCHFVs. Human
embryonic kidney 293 T cells were transfected with
the pCAGGS mammalian expression plasmid, which
included the cloned NP gene. Using cesium-chloride
gradient centrifugation, the expressed NP molecule
was separated from the cell lysate. The antigen for the
ELISA utilized to find anti-CCHFV IgG was purified
NP. Researchers successfully identified CCHFV-specific
IgG in anti-NP rabbit antiserum and CCHFV-infected
monkey serum using the CCHFV NP-based ELISA.
This test demonstrated comparable efficacy in identify-
ing CCHF V-specific IgG in human sera compared to the
commercially available Blackbox CCHFV IgG ELISA kit.
These findings show that our CCHFV NP-based ELISA
is a valuable tool for seroepidemiological investigations
[34].

CCHEFV is classified as a highly infectious virus that
might result in a public health disaster and is thought to
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be an emergent arboviral zoonotic disease in many coun-
tries due to the absence of particular antiviral medicines,
high fatality rate, increasing vector bionomics, and cli-
mate change. Therefore, it is imperative to discover inno-
vative antiviral therapies against CCHFV to address the
growing danger that CCHF poses to public health. At the
moment, supportive therapy is the main course of treat-
ment. Human instances of CCHF have been treated with
ribavirin, a broad-spectrum antiviral drug; however, the
therapeutic advantages are yet unclear. Additional treat-
ment options used in case studies include particular
immunoglobulin, convalescent serum, and steroids; how-
ever, insufficient data is available to evaluate these medi-
cations’ effectiveness. Furthermore, throughout the last
several decades, prospective bunyavirus inhibitors have
been studied, and some of them have shown promise in
treating CCHFYV infection [35, 36, 37]. Considering how
long it takes to develop and approve antiviral medica-
tions, repurposing their usage for other ailments may be
a tactic. There is a wealth of human dosage experience
available for the majority of these medications. Further-
more, their distribution, metabolism, excretion, absorp-
tion, and safety characteristics are well established. It
has been shown that the therapeutic medications chlo-
roquine and chlorpromazine, which treat non-viral dis-
eases, effectively suppresses CCHFV in vitro. The viral
life cycle has numerous similar steps, including entrance,
biosynthesis, assembly, and release, despite the variety of
viruses. Broad-spectrum, host-directed antiviral medica-
tions often have great potential to target the comparable
host processes and proteins that the virus makes use of.
The virus mutation problem is a significant obstacle to
the development of antiviral medications, particularly for
RNA viruses like CCHFV have a high rate of mutation.
Drug-resistant strains could emerge due to selective pres-
sure from therapies that target viral components, which
increases the likelihood of escape mutation. In contrast,
host factor-directed intervention strategies would be
more resistant to selective escape pressure and may have
broad-spectrum antiviral potential. It should be high-
lighted; nevertheless, that host proteins often serve criti-
cal physiological roles for cells; as such, a more thorough
assessment is required before targeting them for antiviral
action. Conversely, viruses belonging to the same genus
have similarities in their protein sequence and structure.
Targets for developing pan-virus or pan-genus antivirals
might include the catalytic domain of RNA polymerases,
which is one of the essential viral proteins involved in
viral infection. Since RdRp and OTU protease are promi-
nent targets for drug design, most of the antivirals tested
in the CCHFV case target these two proteins. However,
inhibitors to other crucial and conserved viral compo-
nents in the CCHFV life cycle must also be found and
developed [37, 38]. The National Center for Infectious



Muzammil et al. Biological Procedures Online (2024) 26:20

and Parasitic Diseases (BulBio-NCIPD Ltd.) in Bulgaria
offers a preventative vaccination against CCHFV made
from mouse brains and inactivated with chloroform. This
vaccination was formerly mostly given to troops serving
in rural areas. Nevertheless, regulated human trials and
laboratory evaluations of the vaccine’s effectiveness are
lacking, and the inactivated mouse brain-derived vaccine
has not been scientifically shown to be protective against
viral challenges in animal experiments. Furthermore, sev-
eral nations prohibit the use of mouse brains in the cre-
ation of vaccines due to the possibility that autoimmune
disorders like autoimmune encephalitis might mani-
fest in people. Safe and more effective vaccinations are
required to reduce CCHF in human populations because
of the problems mentioned above and the unavailability
of a safe vaccine for human usage [39]. Historically, a sig-
nificant barrier to the development of vaccines and thera-
pies has been the absence of an appropriate animal model
that is sensitive to CCHFV infection. The discovery of
vaccinations against CCHF has. However, it has been sig-
nificantly accelerated by recent developments in biotech-
nology and the availability of appropriate animal models.
These developments have aided in the assessment of pos-
sible vaccine candidates in addition to improving our
knowledge of the pathophysiology of CCHF [40].

Currently, no vaccines have received approval, and the
efficacy of antivirals like ribavirin remains uncertain.
Therefore, the majority of treatment consists of support-
ive care. Leventhal et al. assessed an alphavirus-based
replicon RNA vaccine, which expressed the glycoprotein
or NP precursor of CCHFYV, in a rigorous, heterologous
lethal challenge mouse model in this report. Complete
protection against clinical disease could be achieved
through vaccination with RNA expressing the NP alone.
However, for protection against disease and viral replica-
tion, vaccination with a combination of the NP and GPC
provided robust protection. Protection against lethal
challenge was achieved with a single 100ng of RNA vac-
cination. An unanticipated finding emerged from the
examination of the immune responses induced by the
components of the vaccine: vaccination-induced cellular
immunity against the virion-exposed GP and antibodies
against the internal viral NP [41].

With a focus on the diagnostic, preventative, and ther-
apeutic potential of CCHFV in humans, this research
offers a synopsis of current CCHFV prevalent and inno-
vative approaches to diagnosis, treatment, and preven-
tion. The future of these approaches, as well as their
benefits and drawbacks, are also detailed.

Crimean-Congo Hemorrhagic Fever Virus Life Cycle
Through clathrin-mediated endocytosis, which relies on
the virus’s surface GPs, CCHFV penetrates the cell. It is
uncertain, yet, which cellular receptors are necessary for
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CCHEYV entrance. Researchers have shown that CCHFV
enters the body via the low-density lipoprotein recep-
tor (LDLR). In a variety of CCHFV-susceptible human,
monkey, and mouse cells, genetic deletion of LDLR
reduces viral infection. This is remedied upon reconsti-
tution using ectopically produced LDLR. According to
mutagenesis experiments, CCHFV infection requires
the ligand binding domain (LBD) of LDLR. With great
affinity, LDLR binds directly to the glycoprotein Gc of
CCHEYV, facilitating the virus’s attachment and inter-
nalization into host cells. Anti-LDLR blocking antibod-
ies or a soluble sSLDLR-Fc fusion protein consistently
hinder CCHFV infection in various sensitive cells.
Moreover, LDLR genetic deletion or LDLR-blocking Ab
treatment dramatically lowers viral loads, pathogenic
consequences, and mortality after CCHFV infection
in mice. Our research indicates that LDLR is a CCHFV
entrance receptor and that targeting LDLR pharmaco-
logically may provide a means of treating and preventing
CCHEFV [42]. Researchers have shown in another study
that the LDLR is an essential receptor for CCHFV cell
entrance and is crucial for CCHFV infection in blood
vessel organoids and cell cultures. Since other members
of the LDLR protein family cannot attach to or neutral-
ize the virus, the interaction between CCHFV and LDLR
is highly selective. Biosensor assays show that LDLR
selectively binds the GPs on the surface of CCHFV.
Interestingly, LDLR-deficient mice show a delay in
CCHFV-induced illness. Additionally, investigators dis-
covered that CCHFV particles included Apolipoprotein
E (ApoE). Researchers demonstrated the critical role that
LDLR plays in CCHFV infection, regardless of the pres-
ence or absence of ApoE, when the virus is generated in
tick cells. This finding has significant ramifications for
the creation of CCHFV treatment in the future [43]. The
genomic RNPs are released into the cytosol after cell
entrance and fusion, and the encapsidated vRNA acts as
a template for the L protein to synthesize viral mRNA.
The 3’ termini of nairovirus mRNA or the components
that stop transcription have not been discussed in any
research. On the other hand, the similar nairovirus
Dugbe virus has a 7-methylguanylate (m7G) cap con-
taining sequences acquired from cellular mRNA in its 5’
terminal sections. The L protein employs m7G capped
primers, taken from cellular mRNA by an endonucle-
ase domain in the protein, to start the synthesis of viral
mRNA. As has been shown for endonucleases of other L
proteins, the CCHFV L protein has a residue (D693) that
is expected to coordinate an Mn2+essential for the cap
snatching action. L protein transcription activity is spe-
cifically eliminated by mutation D693, although it retains
its capacity to replicate analogs of the CCHFV genome.
This implies that CCHFYV replication is not initiated by
capped primers [13, 14]. Positive sense complementary



Muzammil et al. Biological Procedures Online (2024) 26:20

RNA (cRNA) and uncapped, negative sense VRNA
must be replicated and encapsidated for genomic RNPs
to replicate. The L protein and NP are very somewhat
necessary for the replication of the RNPs. The terms
“genomic” and “antigenomic” refer to the encapsidated
versions of the VRNA and cRNA, respectively. Using
genomic RNPs as a template, capped mRNA is synthe-
sized and antigenomic RNPs are produced since CCHFV
is a negative strand RNA virus. To create antigenomic
RNPs, NP subunits are added to the elongating strands
during the replication of genomic RNPs. The cRNA of
the antigenomic RNPs is then utilized as a template to
create genomic RNPs. This process is carried out by the
L protein [13, 16].

We don’t know anything about CCHFV assembly and
egress. Similar to other bunyaviruses, NP is located in the
perinuclear area near the Golgi complex, and CCHFV
RNPs are most likely present in the cytoplasm. The loca-
tion of virus budding is frequently determined by the
subcellular localization of the viral GPs; accumulation
of the GPs in the Golgi complex, trans-Golgi network
(TGN), and NP in perinuclear regions is consistent with
CCHEFV particle assembly and budding in the Golgi com-
plex and/or TGN. Following assembly, polarized epithe-
lial cells exit the basolateral membrane and release the
CCHEYV particles by exocytosis, often without any visible
cytopathology [16] (Fig. 2).

The host often triggers defensive mechanisms dur-
ing viral infection, including the immune system, cell
stress response, and apoptosis for protection. Similarly,
after CCHFV infection, several viral or cellular variables
have been shown to influence virus-host interactions,
affecting the viral infection or host response. The cellu-
lar chaperon heat shock protein 70 (HSP70) family and
the cytoskeleton component actin may interact with the
CCHEFV N protein to affect the virus’s ability to repli-
cate. After being challenged by CCHFYV, host aquaporin
6, a water channel that facilitates water flow and tiny
solutes across membranes, may have a protective func-
tion. However, CCHFV may have developed defense
mechanisms against specific physiological reactions. As
an example, CCHFV may impede the activation of IFN-
regulatory factor 3 (IRF-3) and hence delay the type I
interferon (IFN-I) pathway. Furthermore, the CCHFV
RdRp that has the OTU domain exhibited deconjugat-
ing activity against ISGylated and ubiquitinated pro-
teins, hence impeding the innate immunity pathway
that is reliant on ISG15 and Ub. Furthermore, it has
been shown that the NS protein of CCHFV may cause
apoptosis via the death receptor route and the mito-
chondrial death pathway. Despite these findings, fur-
ther research is needed to fully understand the host cell
response’s worldwide characteristics after viral infection
[15, 44—46)].
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Genetic Diversity Crimean-Congo Hemorrhagic Fever Virus
The viral genome is composed of three separate single-
stranded RNA segments: the S segment (1,670 bp), the
M segment (5,360 bp), and the L segment (12,160 bp)
[47]. CCHFV’s widespread geographical presence is mir-
rored by a high degree of genetic diversity within the virus
population. Although there is substantial conservation
across CCHFV strains in the NP and L proteins (95% or
more amino acid identity), there is substantially less con-
servation among CCHFV GPC strains (75% or less amino
acid identity). CCHFV clades are separated by physical
distance, and CCHFV diversity is positively correlated
with location [12, 48]. Phylogenetic studies relying on
the S segment have established 6 of 7 CCHFYV lineages,
each with a distinct distribution [31]. Arboviruses have a
high degree of genetic variation, and CCHFYV is no excep-
tion. Based on the genomic segment under consideration,
numerous genotypes are distinguished, and they exhibit
geographic segregation by the virus’s origin. CCHFV
exhibits a broad distribution spanning thirty countries
encompassing Asia, Africa, Europe, and the Middle East.
CCHEV is categorized into seven genetic groups accord-
ing to phylogenetic analysis: two Asian, two European,
and three African, which correspond to its geographic ori-
gin. In addition, the phylogenetic analysis of the S segment
described seven lineages named Africa 1, Africa 2, Africa
3, Asia 1, Asia 2, Europe 1, and Europe 2, while nine and
six additional genetic lineages can be characterized for the
M and L segments respectively, with however a certain
congruent level. Since this happens often with CCHFV
owing to segment reassortment, it is noteworthy to note
that the phylogenetic tree topology for the same isolate
may alter depending on which of the three genomic seg-
ments is studied [49-51]. CCHFV is characterized by seg-
ment reassortment and recombination, which occur when
vectors are simultaneously infected with viral strains from
several lineages and produce novel genetic variations [47].
Instead, the cause of genetic diversity may be long-dis-
tance migration. The CCHFYV strains from the southwest
of Europe resemble African isolates more than those from
the east, indicating that the virus may have traveled from
Africa to Europe by migratory birds carrying infected
ticks. The segmented genome of the CCHFV is also capa-
ble of reassortment, and isolates of the virus with genomic
segments from different geographical lineages have been
used to demonstrate historical co-circulation and migra-
tion of the CCHFV across great distances [2].

Host Gene Expression Response

It is unknown what molecular processes occur at the
tick-pathogen contact. The contact between the ticks’
epithelial cells and the GPs in the CCHFV membrane is
most likely the first stage. It was shown that the glyco-
protein Gc was a class II viral fusion protein. Ticks, like
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Fig. 2 During the first step of attachment, the Crimean-Congo Hemorrhagic Fever Virus (CCHFV) enters the host cytoplasm by relying on clathrin-de-
pendent and pH-dependent mechanisms, which occur in stages 2 and 3, respectively. Upon entering the cytoplasm, viral genomes convert into positive-
sense MRNA via the action of the RARP enzyme. This mRNA then triggers the translation process, leading to the synthesis of viral proteins. Furthermore,
these proteins collaborate to generate fresh negative-sense viral genomes enveloped with NP and a bound L protein to commence replication upon
infecting the subsequent cell (stage 4). The GPC is transported into the endoplasmic reticulum (ER) and undergoes proteolytic processing through the ER
and Golgi apparatus. This processing results in the production of mature GP, as well as the accessory proteins MLD, NSm, and GP38. Recently generated
genomes are enclosed inside enveloped particles and the virus emerges from the Golgi apparatus to be released via the secretory route (stage 5). Subse-
quently, newly formed viral particles are discharged to invade other cells, while GP160/85, MLD, and GP38 are also discharged outside the cells, although
the outcome of this release remains uncertain (stage 6). CCHFV proteins not only promote viral multiplication but also inhibit host apoptosis and innate
immune mechanisms. The CCHFV NP can impede the intrinsic process of apoptosis at a stage that has not yet. In contrast, the CCHFV NSs facilitate apop-
tosis by disrupting the mitochondrial membrane or the extrinsic apoptotic pathways. CCHFV may induce apoptosis by generating tumor necrosis factor
(TNF) and activating the TNF death receptor pathway. The CCHFV NP is likewise cleaved by host caspase 3, however the presence of oligomeric conforma-
tions may hinder this cleavage process. The OTU domain of the CCHFV L protein inhibits the start of the type | interferon response by its deubiquitylating
action, suppressing the RIG-I-dependent pathway. MAVS refers to the mitochondrial antiviral signaling protein, whereas VRNA stands for viral RNA [2]

other invertebrates, lack adaptive immunity and instead
depend on an innate immune response that includes
humoral factor release in the hemolymph, phagocyto-
sis, encapsulation, and nodulation. RNA interference
(RNAI), a further significant mechanism of arthropods’
(including ticks’) innate antiviral defense against

arboviruses, was studied on the Hazara nairovirus, which
is regarded as a stand-in for the CCHFV virus. It has
been shown that Hazara nairovirus N protein mRNA
is the target of small interfering RNAs (siRNAs), which
can block virus reproduction. The antiviral action of siR-
NAs is enhanced when they are coupled with ribavirin. It
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is unclear exactly what role RNAi plays in tick-CCHFV
interactions [52].

The cytoplasmic RNA sensor retinoic acid-inducible
gene I (RIG-I) and its adaptor molecule mitochondrial
antiviral signaling (MAVS) protein detect CCHFV in
cell culture. Proinflammatory and IFN-I responses are
both triggered by MAVS. Researchers looked at the
function of MAVS in mouse CCHFV infection both
with and without IFN-I activity. When IFN-I signal-
ing was active, MAVS-deficient mice were resistant to
CCHEV infection and did not exhibit any symptoms of
illness. MAVS-deficient mice lost a lot of weight when
IFN-I signaling was stopped by an Ab, but they were
consistently shielded from fatal illness, whereas all con-
trol mice died from infection. The infected MAVS-defi-
cient animals showed a significant blunting of cytokine
activity. Further research revealed that CCHF V-infected
mice with TNF-« receptor signaling deficiency (TNFA-
R-deficient) but not IL-6 or IL-1 activity exhibited more
restricted liver damage and mainly were shielded from
fatal consequences. In a post-virus exposure scenario,
animals treated with an anti-TNF-a neutralizing Ab
also showed some protection. Furthermore, investi-
gators discovered that, compared to a deadly strain of
CCHEV in mice, a disease-causing but non-lethal vari-
ant of the virus caused more muted inflammatory cyto-
kine responses [53].

We still don't fully understand how the virus affects
the host’s innate immune system. The goal of Kozak et
al. was to sequence the virus’s genome and evaluate the
host immune response in liver cells using RNA-seq, a
sort of next-generation sequencing technique. The find-
ings demonstrated the feasibility of concurrently study-
ing viral identification and evolution from the same
sample by identifying many changed genes and path-
ways. Notably, dysregulation was shown for both OAS2
and the genes encoding DDX60, a cytosolic compo-
nent of the RIG-I signaling pathway. Remarkably, Huh7
cells were able to activate PTPRR but not HepG2 cells.
This has been linked to the TLRY signaling cascade,
and TLRY polymorphisms have been linked to worse
patient outcomes. Furthermore, researchers sequenced
the whole genome of CCHFV to evaluate the evolu-
tion of viral diversity and its correlation with the host
response. Consequently, researchers have shown that
next-generation mRNA deep-sequencing allows one to
analyze viral quasispecies and strain types in addition to
mRNA gene expression. This indicates that it is possible
to identify the virus and host biomarkers from CCHFV
specimens via analysis, which may have consequences
for prognosis. This work demonstrates the technique’s
potential for characterizing the virus and identifying
host biomarkers that may serve as possible indicators of
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patient prognosis. Furthermore, it could provide crucial
pathogenesis-related information before researching
animal infection [54].

Researchers have shown that elevated levels of TNF-«
and IL-6 play a significant role in bringing about this
clinical picture. There are several cytokines in the body
that work to counteract this rise. Three members of the
TNF superfamily, Fas ligand (FasL), LIGHT, and TNE-
like molecule 1 A (TL1A), are bound to the soluble trap
receptor decoy receptor-3 (DcR3). Patients with severe
CCHF were more likely to have symptoms including
fever, bleeding, nausea, headache, diarrhea, and hypoxia
than those with mild/moderate CCHF. In CCHE, which
has limited therapeutic choices, elevated DcR3 seen early
in the illness may enable the testing of new immunomod-
ulatory treatments in addition to antiviral medication
[55].

To understand the complex host-viral response,
multi-omics system biology approaches, such as bio-
logical network analysis, are used to study viral patho-
genesis. The goal of researchers was to determine the
cellular immune responses that occur during the effec-
tive replication of CCHFV in vitro as well as the sys-
tem-level alterations that follow an acute infection. A
system-wide network-based system biology technique
was used to assess peripheral blood mononuclear
cells (PBMCs) from a longitudinal cohort of patients
with CCHF both during the acute phase of infection
and one year later during the convalescent phase. An
untargeted quantitative proteomics study of the Huh7
and SW13 cells with the highest level of tolerance to
CCHEFV infection was then conducted. In the RNAseq
analysis of the PBMCs, researchers compared the acute
and convalescent phases and found that there was a
system-level host metabolic reprogramming towards
central carbon and energy metabolism (CCEM) with
the particular augmentation of oxidative phosphory-
lation (OXPHOS) after CCHFV infection. Using
network-based system biology techniques, it was pos-
sible to examine the negative coordination of metabolic
pathways during CCHFV infection with biological
signaling systems such as the Akt/mTOR/HIF-1 sig-
naling and the FOXO/Notch axis. In Huh7, the cross-
sectional proteomics in SW13 cells was consistent with
the temporal quantitative proteomics, demonstrating a
dynamic shift in the CCEM across time. The two main
CCEM pathways—glycolysis and glutaminolysis—were
blocked to prevent viral proliferation in culture. The
relevance of IFN-I and II-mediated antiviral mecha-
nisms at the systemic level and throughout progressive
replication was indicated by the activation of important
IFN-boosting genes during infection [56].



Muzammil et al. Biological Procedures Online (2024) 26:20

Clinical Presentation

Although the disease’s clinical spectrum ranges from
mild to moderate to severe illness, some instances are
fatal. Clinical characteristics and non-specific symptoms
include weariness, generalized muscle/joint pain, head-
ache, nausea, vomiting, diarrhea, and fever are the first
signs and symptoms of CCHE. On the other hand, hepa-
tosplenomegaly, vascular problems, and bleeding occur
in individuals with a severe course. The key results in the
laboratory include leukopenia, increased liver enzyme
levels, thrombocytopenia, and a prolonging of hemor-
rhagic indicators [12, 57]. There has been a 20-30% death
rate in case reports, most likely because practitioners are
more prone to publish accounts of patients with severe
or terminal diseases. On the other hand, the case fatal-
ity rate is often lower for big case series, most likely due
to the inclusion of individuals with milder illness; for
the over 6000 cases reported from Turkey, it has been
5% [12]. The purpose of a meta-analysis review was to
emphasize and provide a comprehensive overview of
the CCHF mentioned above characteristics. Africa has a
lower mean CCHF mortality rate (22.0%) than both Asia
(33.5%) and Europe (33.8%). The highest CCHF mortal-
ity rates were seen in the following occupations: agricul-
ture (28.9%), health care (19.2%), slaughterhouse (16.7%),
and farmers (13.9%). Numerous clades and genotypes are
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confusion, sleepiness, depression, and
lassitude
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sudden liver failure
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claimed to be distributed across Africa, Asia, and Europe
based on a study of the literature on CCHFV S-segment
characteristics. Future research on the epidemiological
traits of CCHFV clades, genotypes, and their distribution
has an extensive scope [58].

The four unique phases of CCHF presentation are
incubation, pre-hemorrhagic, hemorrhagic, and conva-
lescence. The incubation time, which varies from 1 to 9
days and depends on the viral dosage and exposure route,
is often less than a week. It seems to be shorter after a
tick bite (typically 1-3 days) and a little bit longer after
coming into contact with the blood, tissue, and secre-
tions of people and cattle that are infected (5-7 days).
Pre-hemorrhagic stage symptoms include temperature
(39-41 °C), headache, myalgia, dizziness, neck pain and
stiffness, backache, headache, painful eyes, and photo-
phobia. It lasts an average of 2—4 days (with a range of
1-3 days). A sore throat, stomach ache, nausea, vomit-
ing, and diarrhea might accompany this. Jaundice, con-
gested sclera, conjunctivitis, and hyperemia of the face,
neck, and chest may also be observed64. There have been
reports of severe instances causing changes in mood and
sensory perception. Anger may give way to calm. There
may also be splenomegaly and hepatomegaly. (Fig. 3) [17].

The hemorrhagic phase may last up to two weeks,
but it generally lasts just two or three days. Petechia to

yaldinma
tick bite

Petechial rash (a rash caused by
bleeding into the skin) on internal
mucosal surfaces, such as in the
mouth and throat, and on the skin.

\ The petechiae may give way to

larger rashes called ecchymoses,
and other haemorrhagic
phenomena.

Fig. 3 Symptoms of CCHFV The duration of the incubation time is determined by the manner of viral acquisition. The incubation time after a tick bite
usually is one to three days, with a maximum of nine days. After contact with contaminated blood or tissues, the incubation period is generally five to six

days, with a known maximum of 13 days
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prolonged ecchymoses on mucous membranes and skin
are examples of hemorrhagic symptoms; this finding
is more prominent in cases of CCHF than in other viral
hemorrhagic fevers (VHFs). Bleeding from injection sites
is frequent, as are hemoptysis, melena, hematuria, epi-
staxis, and hematemesis. There have been isolated reports
of bleeding from the brain, uterus, and vagina. In addition
to increased levels of inflammatory cytokines, hematol-
ogy, and blood chemistry often reveal thrombocytopenia,
leukopenia, and raised levels of aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), lactate
dehydrogenase (LDH), and creatine phosphokinase. Pro-
longed prothrombin and activated partial thromboplas-
tin durations may impact coagulation, causing a drop in
fibrinogen levels and an increase in fibrinogen breakdown
products. In severe instances, the haemorrhagic stage is
prominent and rapidly progresses to shock, disseminated
intravascular coagulation (DIC), overt bleeding, and
renal, hepatic, or pulmonary failure. If fatal, most deaths
happen within the second week of the sickness [59-61].

Convalescence in survivors usually starts 9-10 days
(range 9-20 days) after the disease begins and is char-
acterized by a return to normal laboratory results. This
period may last longer than expected and is linked to sev-
eral conditions, including memory loss, hair loss, poly-
neuritis, breathing problems, xerostomia, tachycardia or
bradycardia, hypotension, and visual and hearing impair-
ments. Relapse and a biphasic course of the illness are
not supported by credible data; conversely, the sequelae
have not been well explored to identify long-term con-
sequences. Generally, survivors acquire cellular and
humoral immunity to CCHFV [17, 62, 63] (Fig. 3).

For instance, CCHF was identified at a Senegalese hospi-
tal for the fourth patient—a foreign national—in July 2023.
The patient was a merchant in his 50s who lived in the capi-
tal of a nation that borders Senegal. It’s possible that he had
close encounters with animals at home or work. Two days
after arriving back at his remote home on July 16, 2023, he
started experiencing fever, headaches, and stomach dis-
comfort. His symptoms prompted a checkup at a home
country private hospital, where a course of therapy was
started the patient did not get well. The patient’s condition
worsened two days after seeking evaluation at a referral
hospital in his own country due to ongoing clinical com-
plaints. His abdominal ultrasonography showed hepatopa-
thy in addition to petechiae, and the family decided to go
to Senegal for better medical treatment. Based on biologi-
cal tests and fibroscopy performed in Senegal, the findings
indicated severe thrombocytopenia with 2,000 platelets/
uL (reference range: 150,000-450,000/pL). The patient was
subsequently taken to the critical care unit of the National
Hospital of Pikine, Dakar, due to a deteriorating clini-
cal state that included hyperglycemia and hematemesis.
Blood samples were taken for biologic examination by the
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health district team on the third day of the patient’s stay in
an intensive care unit. Ten days after the disease started,
PCR testing revealed a positive result for CCHFV; how-
ever, the patient passed away from multiorgan failure on
the same day the PCR results were received. The research
team found 38 connections in the patient’s nation of origin
throughout the case study; 46 contacts were found in Sen-
egal, with the majority (87.7%) being medical profession-
als, such as physicians, nurses, and laboratory technicians.
There were no documented bloodborne pathogen expo-
sure while providing patient care or managing the patient’s
samples. On the other hand, there wasn’t much infection
prevention and control (IPC) going on. Using a standard-
ized evaluation, researchers evaluated the IPC level by
asking questions about waste management, material steril-
ization, personal protective equipment use and availability,
and IPC training for healthcare staff. Despite the relatively
low IPC level, investigators managed this CCHF case and
discovered no recorded occurrences of blood exposure.
After the 14-day contact follow-up, no additional CCHF
cases were detected [64].

Standard Molecular Detection

Generally, there are two types of CCHFV diagnostic
methods: direct and indirect tests. Direct techniques,
which are advantageous in the early stages of the dis-
ease, involve isolating the virus via cell culture, diagnos-
ing the viral antigen, and detecting the virus genome.
Serological techniques, including direct immunofluo-
rescence (DIF), passive hemagglutination assay (PHA),
complement fixation assay, and ELISA, are examples of
indirect approaches for detecting antibodies (Ab) ver-
sus the virus [60, 65, 66]. Anti-CCHFV IgM Ab may be
found anywhere from one week after the start of the ill-
ness to four months following infection. IgG responses
quickly follow IgM Ab throughout CCHEF infection. IgG
Ab against CCHYV is detectable for at least five years. By
detecting anti-CCHFV IgM Ab or specific IgM and IgG
Ab simultaneously in an initial serum sample, an acute
phase CCHFV infection may be serologically validated.
Seroconversion or at least a four-fold rise in IgM Ab
titer in matched serum samples may be used to confirm
recent or ongoing infection. Elevated specific IgM lev-
els indicate a recent infection, but they do not establish
CCHEYV as the origin of the symptoms. Seropositivity in
regions where CCHFV is prevalent may indicate a recent,
mildly symptomatic infection. Other illnesses includ-
ing dengue, malaria, or Q fever may elicit similar symp-
toms. As a result, the diagnostic utility of seropositivity is
contingent upon the local VHF prevalence. Positive IgM
findings should be considered together with the patient’s
recent travel history in areas where CCHF is not preva-
lent. Anti-CCHFV IgG Ab by themselves are unable to
establish a continuous CCHFV infection. Since an Ab
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response is seldom seen in instances that end in death,
it is a sign that the condition will not be deadly [67]. The
clinical symptoms of CCHFV are similar to those of
many other illnesses, making diagnosis difficult. For this
reason, it highlights the need to develop new biomarkers
to help diagnose CCHFV. Platelets, AST, ALT, first-step
coagulation assays, LDH creatinine, and fibrinogen have
all been identified as laboratory indications of CCHFV
[68—70]. After the acute phase of the infection, which
lasts 4-9 days after symptoms appear, active CCHFV
infection may be identified by IgM or a substantial rise
in IgG titer; however, severe and fatal cases often do not
develop a detectable Ab response. Anti-CCHFV IgG may
be found in the blood and helps monitor epidemiological
investigations. It can indicate ongoing or resolved infec-
tion (many years after infection). It has been shown that
capture ELISA is more sensitive for CCHFV than either
IFA or neutralization test. Since CCHFV elicits compara-
tively modest levels of neutralizing Ab, virus neutraliza-
tion tests are less effective for diagnosis, but they may
be helpful for epidemiology and vaccine development.
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Plaque reduction neutralization is often used for CCHFV
neutralization, and effects take 5-7 days to manifest [71].
Solid-phase radioimmunoassay technique (SPRIA), real-
time PCR (RT-PCR), and viral isolation (tissue culture or
using a mouse model) are some more laboratory tech-
niques. ELISA and SPRIA are the most recent sensitive,
fast, and repeatable procedures for detecting viral anti-
gens and Ab in a short period (5-6 h) [72, 73]. Nonspe-
cific symptoms, genetic variety of CCHFV, and biosafety
requirements for managing a virus of high biological risk
all contribute to the difficulty of diagnosing CCHE. There
are several laboratory tests available; selecting one relies
on the patient’s symptoms, the accessibility of samples,
and the reliability of the test for the CCHFV strains prev-
alent in the area where the infection was likely acquired.
After the first week of sickness, serological approaches
have the best chance of being effective since they are less
affected by tiny genetic differences. However, serological
tests are likely to provide false-negative findings during
the early acute phase of the illness, making molecular
approaches the method of choice [74] (Fig. 4) (Table 1).
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Fig.4 A diagram depicting the various analytical approaches available for CCHFV detection. Blood samples are taken to identify viral NA and human Ab
to the virus. CCHFV can be diagnosed using a variety of molecular and serological testing
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Table 1 Nucleic acid amplification tests for CCHFV
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Method type Genomic  Number of CCHFV strains and/or Limit of detection (LOD) Other viral hemorrhagic  REF
Target patient samples tested fever viruses
(segment)
RT-PCR S Kosovo 2,779 geg/ml MBGV/EBOV, LASV, RVFV, [75]
DENV, YFV
RT-PCR S 18 strains 5 RNA copies/reaction - [76]
Isothermal recombinase 12 strains/ human and tick samples 50-500 copies - [77]
polymerase amplification from Tajikistan
Multiplex amplification fol- L Turkey - YFV, RVF, EBOV, JUNV, CHIKV  [78]
lowed by next-generation
sequencing
RT-PCR S Southern Africa - - [79]
Multiplex RT-PCR com- 3 strains 190 RNA copies/mll EBOV, MBGV, LFV, YFV, DENV  [80]
bined with universal array
One-step RT-PCR S Kosovo 30 PFU/ml - [81]
RT-PCR 1 strain 33-100 fg/ul EBOV, MBGV, LFV, GTOV, [82]

RT-PCR combined with a L

4 strains/ the Balkans and the Middle

BHF, JUNV, BzHF, SEQV,
PUUV, HPS, RVF

10°-10° PFU/ml amplified LASV, BHF, GTOV, HPS, PUUV,  [83]

DNA microarray East cDNA SEQV, DOBV, SNV, RVF, KFD,
YFV, TBE, RESTV, EHF, MARY,
NiV, HeV,

RT-PCR S 18 strains; patient samples from 11.8 copies - [84]

Uzbekistan
RT-PCR S 1 strain 5PFU - [85]
RT-PCR S 8 strains; patient samples from Turkey 11 genomes/reaction - [86]
RT-PCR S Animal and tick samples from India 7.6 copies - [871
RT-PCR S 16 strains 256 PFU/ml - [88]
RT-LAMPa S Patient samples from Sudan 10 fg (naked eye turbid- - [89]

ity), 0.1 fg (agarose gel
electrophoresis)

RT-PCR Patient samples from Albania - - [90]
One-step real-time RT-PCR 4 strains 2 copies/IXXX - [91]
RT-PCR Patient samples from the United Arab - - [92]

Emirates
One-step RT-PCR S 18 strains; patient samples from Iran, 6.3 genome copies/reaction - [93]
combined with a DNA Namibia, Pakistan, and South Africa
macroarray
RT-PCR S 12 strains; patient samples from Iran, 1,164 copies/ml - [94]

Pakistan, and South Africa
One-step RT-PCR S Patient samples from East Anatolia 102 genome equivalents/ml - [95]
One-step RT-PCR S Patient samples from Iran 20 RNA copies/reaction - [96]

Standard Reverse-Transcriptase PCR (RT-PCR)

Molecular techniques including PCR, one-step RT-PCR,
and Nested RT-PCR are sensitive, fast, and precise meth-
ods that are perfect for the early diagnosis of individuals
suspected of having CCHFV infection [97]. Multiplex
nested PCR (DNA viruses) or multiplex nested RT-PCR
(RNA viruses) is a variation of PCR in which two or
more loci are amplified simultaneously in a single reac-
tion, thereby improving the reliability of detection [98,
99]. To identify CCHFYV, traditional RT-PCR assays were
created and assessed. However, in order to boost sen-
sitivity and verify the identification of the initial ampli-
fied PCR product, the majority of traditional RT-PCR
tests include a second round of nested amplification or

nucleic acid hybridization experiments. It is well known
that since nested PCR involves several alterations of the
original PCR results, it is error-prone, time-consuming,
and complex owing to cross-contamination. In order to
quickly identify CCHFV targeting the short (S) RNA seg-
ment, a reverse transcription (RT) loop-mediated iso-
thermal amplification (RT-LAMP) test was created and
compared to nested RT-PCR in the current work. The S
segment of the viral genome’s highly conserved section
served as the template for a set of RT-LAMP primers that
were used to identify every strain of Sudanese CCHFV.
CCHEFV strains may be easily and quickly detected using
RT-LAMP. A 10-fold serial dilution of CCHFV RNA was
tested, and the findings of the RT-LAMP and the nested
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RT-PCR agreed 100% of the time. Due to the repeated
modification of the main PCR products, nested PCR is
complicated by cross-contamination and error-prone.
High levels of diagnostic sensitivity and specificity are
achieved by the RT-LAMP when testing different acute-
phase sera that are obtained during CCHF epidemics.
Because the RT-LAMP can be performed in an isother-
mal environment without the need for specialized equip-
ment and results can be seen with the unaided eye, it is
a more cost-effective and practical assay than nested
RT-PCR in low-resource economies [100]. In a study,
Kalvatchev et al. present a case of this VHF in a 66-year-
old man from Sliven that was confirmed by the above-
mentioned molecular methods. Modified and adapted
(by the authors) one-step Real-time RT-PCR and Nested
RT-PCR to demonstrate the virus of CCHF are fast, spe-
cific, and sensitive methods suitable for early diagnosis
of patients suspected to have this infection [97]. In addi-
tion, the RT-PCR approach was employed to identify the
CCHFYV genome in ticks based on the S segment. Inves-
tigated the prevalence of CCHFV virus infection in hard
ticks from Iran’s South-Khorasan province. 684 sheep,
goats, cows, and camels were sampled in this study from
the counties of Birjand, Qaen, Khusf, Darmian, and Sar-
bisheh. Tick genus and species were identified using a
stereomicroscope and valid morphological keys. The
CCHFV genome was found in 7 out of 100 ticks using
RT-PCR. Ticks that tested positive belonged to the Hya-
lomma and Rhipicephalus genera. All infected ticks
were recovered from goats and sheep in Birjand [101].
The findings of this work show a complete reference for
future research on tick systematics, population genetics,
molecular epidemiology, and tick evolution [102].
Real-time quantitative reverse transcription PCR (RT-
qPCR) has proven more influential for CCHFV detec-
tion and investigation over the last decade. It provides a
reliable, quick, and risk-free method for identifying the
biosecurity level 4 pathogen CCHFYV in laboratory equip-
ment with fewer biosecurity requirements [91]. The con-
siderable genetic diversity of CCHFV has always been
a major challenge in developing RT-qPCR for this virus
[103]. Using degenerate nucleotides in the primers/probe
is the most popular strategy for covering all CCHFV
variations. Although adding primers is beneficial, more
probes may need special attention when working with
a particular quencher. Using an excessive number of
probes may act as a powerful quencher and reduce the
sensitivity of the experiment. To cover all CCHFV geno-
types, the most typical technique is to insert extra prim-
ers and probes that target particularly varied CCHFV
strains to cover all genotypes of CCHFV. Another possi-
bility is to direct the forward primer to the S-5’ segment’s
non-coding Orthonairovirus-specific end. In contrast,
Miriam A. Sas and colleagues created distinct primer sets
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for each CCHFV genotype. In addition, one degenerate
primer pair and two probes were introduced to identify
all genotypes. 6 genotype-particular synthetic RNAs and
associated deactivated virus strains, as samples from
numerous animal species, humans, and other Bunyavi-
rales members, were used to test and evaluate the inno-
vative RT-qPCR method. The synthetic RNAs utilized in
this RT-qPCR make it possible to separate accurate posi-
tive outcomes from undesirable laboratory contaminants.
The RNAs that have been generated can also be used as
calibrators for genotype-specific measurements [91].

Loop-Mediated Isothermal Amplification

From the early 1990s, the isothermal amplification of
nucleic acids assays has appeared as a critical detection
technique, with uses in clinical detection. Loop-mediated
isothermal amplification (LAMP), nucleic acid sequence-
based amplification (NASBA), helicase-dependent
amplification (HDA), strand displacement amplification
(SDA), rolling circle amplification (RCA), recombinase
polymerase amplification (RPA), transcription-mediated
amplification (TMA) were among the techniques used
[104]. Isothermal amplification (IA) of nucleic acids
(NA) reduced the requirement for temperature cycles,
increased enzyme action, decreased sample use, and
reduced time to provide quick outcomes. Similarly, a
completely closed and secure micro-structured machine
can decrease the potential for pollution [105]. IA-based
assays are more accessible, easy, ordinary, conscious,
transportable and need less energy than PCR/RT-PCR.
They can also meet the demand for an easy, prompt,
accessible, and molecular detection technique without
culture for universal CCHFV assessment [106, 107]. This
method employs 3 enzymes: recombinase, single-strand
binding proteins (SSBs), and strand-displacing polymer-
ases. By first partnering with the primer, the recombinase
enzyme connects to the target sequence. To stabilize the
DNA, the SSBs link to the displacement DNA strand and
create a “D” loop-like construction. This displaced DNA
has a free 3’-hydroxyl region where DNA polymerase
may connect and augment the target sequence. As a
result, within 20 min, both strands are multiplied expo-
nentially. To visualize the amplified output, fluorescent
or non-fluorescent probes can be utilized. RPA is sim-
ply multiplexed via different primer sets and may iden-
tify multiple infections concurrently in minutes [71, 108,
109]. LAMP, a revolutionary DNA amplification tech-
nique, has been used to diagnose infection. Using reverse
transcriptase, RNA sequences can be amplified using
reverse transcription LAMP (RT-LAMP). RT-LAMP
approaches can identify viruses, including Rift Valley
fever virus (RVFV) and CCHFV [110]. Jyoti S.Kumar
and colleagues used a fast and susceptible one-tube RT-
LAMP test to diagnose CCHFV. The CCHF V-particular
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RT-LAMP test was also validated using human and tick
samples. The test identified multiple CCHFV isolated,
suggesting that it applies to a wide range of strains. When
the RT-LAMP test was compared to RT-PCR, there was
complete coordination, as well as 100% sensitivity and
specificity. There was also no interaction with related Fla-
viviruses or HFV discovered. The test is a basic molec-
ular diagnostic that may be implemented on a portable
thermal block device [111]. To compare the outcomes of
RT-qPCR and colorimetric RT-LAMP tests, researchers
at the University Hospital of Salamanca were able to col-
lect plasma and urine samples from patient P4 on days
1 through 13 of his hospital stay. In contrast to the RT-
LAMP test, which remained positive until day 8, the RT-
qPCR assay in plasma samples was positive on days 1 and
3. According to some publications, blood samples may be
used to identify CCHFV RNA by RT-qPCR for up to 18
days from the onset of the illness, with the first five days
showing the best results. It has been seen up to 36 days
following the first infection. On the other hand, there is
currently no information on the molecular identifica-
tion of CCHFV RNA in plasma samples during infection.
Compared to RT-qPCR, RT-LAMP should be more sensi-
tive for detecting vRNA in plasma samples from CCHFV
patients. Urine samples were only positive for CCHFV
using RT-qPCR the day following admission; however,
RT-LAMP detected the virus eight and thirteen days
later. Previous studies have also shown that vVRNA sur-
vives in urine samples beyond serum clearance and that
viral load in urine samples is equivalent to that in blood.
RT-LAMP amplified both genotypes and showed better
sensitivity in urine samples than RT-qPCR. Thanks to a
novel, rapid, precise, and sensitive RT-LAMP test created
by researchers, different CCHFV genotypes may now be
identified in clinical samples. Using our pan-CCHFV RT-
LAMP, vRNA was discovered for the first time in urine
samples. Using a simple, affordable, real-time single-tube
isothermal colorimetric approach on a portable plat-
form, molecular diagnostics may now be offered to rural
or resource-limited areas where CCHF often arises [74].
Replication protein A (RPA) is an isothermal technique
for denatured genomic target DNA utilizing recombi-
nase-primer compounds and ss-DNA stabilization using
ssDNA binding proteins. The RPA diagnosis method is
analogous to Tag-Man hydrolysis probes. The difference
is that the probe contains tetrahydrofuran, a basic loca-
tion analog cleaved via endonuclease IV. Because pro-
teins are active components in DNA denaturation, high
denaturation temperatures are unnecessary. As a result,
the reaction occurs at temperatures between 37 and 42 °C
and is quicker than the PCR procedure, often lasting
5-7 min. Because of RPA’s great sensitivity, it can iden-
tify tens of copies of the target [112—114]. An isothermal
RPA assay for CCHFV detection has been successfully
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developed. The test detects viral components or synthetic
VRNA from all 7 S-section clades of CCHFV in less than
10 min, with high target specificity [77].

Standard Immunological and Serological Detection
Enzymes are powerful virus diagnostic tools, includ-
ing applications such as enzyme immune assays and
ELISA. The fluorescence polarization immune method
(FPI), micro-particle immune method (MEI), and che-
miluminescent immune test are all examples of enzyme
immune assay applications (CLIA). ELISA uses antigen-
Ab interactions with conjugated tags, such as fluores-
cent tags, and chemiluminescent tags supplemented with
substrates, such as polarized light and fluorescent sub-
strates. CCHFV detection was made sensitive and spe-
cific by using particular IgM and IgG Ab in human serum
and recombinant CCHFV NP as antigen absorption and
IgG immune complex (IC) ELISA testing. These recom-
binant proteins were produced using various expression
methods, and an indirect ELISA was created to identify
them [115]. Anti-CCHFV IgM and IgG Ab are accu-
rately detected by available serological test techniques.
However, their diagnostic efficacy varies depending on
the stage of infection [67]. The CCHFV NP antigen is
the most often utilized antigen for the serological tests
of CCHFV diseases in humans [23]. There is currently
just one commercially available fast test for identifying
CCHEFV Ab. CORIS BioConcept (Belgium) created the
CCHEV Sero K-SeT lateral flow test kit to identify IgM-
specific Ab in the patient’s plasma, cf. However, research
conducted on patients in Iran by Vahid Baniasadi et al.
revealed a relatively low sensitivity of 39.7% and a speci-
ficity of 92.9%. There is no commercially available fast
test for detecting the CCHFYV virus directly. Due to its
low sensitivity, the CCHFV Sero K-SeT was shown to
be unsuitable for screening CCHFV-suspected patients
[116].

Nanobodies generated from derived single-chain Ab
have shown to be practical tools in diagnostics, treat-
ments, and research into the structure and function of
membrane receptors. The researchers used lymphocytes
from an alpaca inoculated with the recombinant mouse
Kupffer cell receptor Clec4F, which binds to galactose and
N-acetylgalactosamine and is vital in pathogen detection.
The researchers created a series of nanobodies that target
several diagnosis epitopes of the Kupffer cell-particular
receptor Clec4F, which might benefit structural and func-
tional study, molecular imaging, and therapeutic medi-
cations. ClecdF comprises a Ca’*-dependent (C-type)
carbohydrate-recognition domain (CRD) for detecting
glycans, an N-terminal cytoplasmic signaling domain,
and a transmembrane hydrophobic helix, and a heptad
neck zone for trimer organization. Clec4F is detected
only in Kupffer cells and not in invading monocytes.
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Consequently, Clec4F can be used as a particular Kupffer
cell marker to investigate the functions of various popu-
lations in the liver. The lack of Clec4F+Kupffer cells in
mice infected with CCHFV is a marker of significant liver
damage caused by CCHFV infections [117] (Table 2).

Antigen Detection ELISAs

Because NP is highly conserved and immunogenic, the
NP of CCHEFV is utilized as an early diagnostic marker.
As adsorption Ab and production detectors, particular
polyclonal and monoclonal Ab against NP can be used.
The researchers provide a speedy and sensitive antigen
capture ELISA based on double Ab to detect CCHFV.
The method detected viral NP in various media, such as
human serum, ticks, and culture supernatant. The LoD
of the sELISA test is 25 ng of purified antigen. Its LoD
was discovered to have 1000 CCHFV genome equiva-
lents compared toRT-PCR. Furthermore, the test was
compared to a marketable kit using gamma-rays CCHFV
and found to be 100% sensitive and specific. The recently
advanced sELISA, with great sensibility and specificity,
might be utilized to detect the CCHFV virus in patients,
ticks, and culture supernatants. The test will be beneficial
as a substitute technique for detecting acute infections
and will allow to screen large samples in source-con-
strained adjustments [118]. Another study is design-
ing and verifying a new CCHFV double-antigen ELISA
for detecting anti-CCHFV NP Ab. Because it is based
on recombinant NP of the IbAr10200 virus, the ELISA
may be performed in standard biosafety situations. The
double-antigen sELISA (DA-sELISA) was demonstrated
to be a very selectable, accurate, and particular diagnos-
tic for CCHFV-stimulated Ab. It allows for the analysis
of many species simultaneously with an identical proce-
dure. As a result, it combines multiple experiment quali-
ties: excellent sensitivity and specificity, as well as great
result commensurability [119].

Furthermore, the study provides a species-independent
competitive ELISA (cELISA) for diagnosing CCHFV-
particular Ab. For this objective, they developed a
nucleocapsid (N) protein-specific monoclonal Ab against
Escherichia coli (E. coli) produced as CCHFV N-protein.
The most competitive mAb was used to build the cELISA.
The detection sensibility and accuracy of the cELISA
were assessed to be 95% and 100%, respectively, with
2% of the serum providing inconsistent findings. This
cELISA paves the way for future wide-reaching screening
methods in various animal species to assess vulnerabil-
ity to CCHFV diseases and to detect and screen CCHFV
[120] (Table 2).

IgM/1gG Detection ELISAs and LFls
From the sixth day of CCHFV disease, IgG and IgM
Ab can be identified in serum using enzyme-linked
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Table 2 ELISA and the serological diagnosis of CCHFV

Method type Detection Compari- Characteristics REF
Target son with
(segment) reference
Sandwich Nucleoprotein RT-PCR High sensitivity
ELISA (sELISA)  (NP) and specificity, [118]
identification
of CCHFV virus
in people, ticks,
and culture
supernatant,
large-scale
sample screen-
ing in resource-
constrained
settings
Recombinant Recombinant RT-PCR High sensitivity
ELISA NP / Mucin- and specificity ~ [126]
(Rec-ELISA) like variable
domain
(NP/rMLD)
Indirect ELISA  (fNP) In-house Sensitivity, speci-
(IELISA) iELISA and ficity, repeatable [127]
VectoCrimea in diverse sets
CHF IgG of situations,
ELISA kit safe, stable, and
scalable
Competitive NP Sera from Large-scale
ELISA CCHFV- screening, test [128]
(CELISA) endemic species inde-
locations was pendently, high
previously sensitivity and
described specificity
using an
adapted
commercial
ELISA.
Double- NP Species- Highly sensitive
antigen sand- adapted and specific, [129]
wich ELISA VectorBest testing several
(DA- ELISA) ELISA and different species
Euroimmun  at the same
IFA time, minimizing
the false-positive
Immune NP IgM/IgG Sensitivity,
complex (IC) indirect specificity, and [130]
ELISA and immunofluo- ease of use are
y-capture rescence (IIF) all advantages
ELISA testing of producing
in-house and  viral antigens in
commercially high quantities
accessible in E. coli without
IgM/1gG needing a cost-
ELISA assays  effective eukary-

otic expression
system or native
virus rearing.

immunoassay (EIA) or ELISA. IgM or a 4-fold enhance-
ment in the titer of IgG Ab in blood samples between the
acute and convalescent phases can aid in disease diag-
nosis. IgM levels can be detected for up to four months,
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while IgG levels can be detected for up to five years.
Patients with deadly diseases do not frequently have a
detectable Ab response, hence viral detection in blood
or tissue samples is used to diagnose them, as well as in
the initial few days of sickness. Immunofluorescence or
EIA can occasionally detect viral antigens in tissue sam-
ples [121]. Scholars describe the creation and verifica-
tion of two innovative ELISAs (BLACKBOX CCHFV
IgM, BLACKBOX CCHEFV IgQG) that utilize recombi-
nant CCHFV NP as an antigen to detect CCHFV-spe-
cific IgM and IgG Ab. The performance of the test was
assessed using commercially available ELISA kits (Vec-
toCrimean-CHF-IgM/IgG; Vector-Best) and in-house
gold standard testing (CCHFV IgM/IgG immunofluores-
cence test IIFT). The evaluation was conducted using a
meticulously characterized serum panel collected from
15 Kosovar patients diagnosed with CCHFV via RT-PCR
between 2013 and 2016, including samples from both
the acute and convalescent phases of the disease. Both
IgM ELISAs, including the CCHFV IgM IIFT, identified
CCHEFV-specific IgM Ab in all sera obtained on or after
day 5 after the onset of symptoms during the acute phase
of the disease. However, in detecting the increasing IgG
Ab titers in samples obtained between days 11 and 19
after the onset of symptoms, the BLACKBOX CCHFV
IgG ELISA and the CCHFV IgG IIFT were significantly
more sensitive than the VectoCrimean-CHF-IgG ELISA
[122].

In a different study, researchers used samples from
healthy blood donors obtained in Kosovo and samples
from CCHFV patients to assess the diagnostic capabili-
ties of 10 serological assays based on the detection of IgM
and IgG Ab against CCHFV. Since the goals of IgM and
IgG testing differ, the studies concentrated on the infec-
tion phase. Researchers concluded that although the tests
differed in their different diagnostic capabilities accord-
ing to the infection phase, they are appropriate for accu-
rately detecting anti-CCHFV IgM and IgG Ab. IgM tests
work effectively in the early and convalescent stages of
illness and are primarily used to help the diagnosis of
acute infections. The ELISA test’s sensitivity for identi-
fying specific IgG Ab varied depending on whether the
illness was in the early or convalescent stages. The maxi-
mum yield was obtained using the BlackBox IgG ELISA,
followed by the EUROIMMUN IgG ELISA and the Vec-
torBest IgG ELISA, which had the lowest sensitivities.
The VectorBest IgM ELISA found that many samples
had anti-CCHFV IgM Ab in the subsiding phase. When
detecting anti-CCHFV IgM Ab during both the acute
and convalescent stages of infection, the two immunoflu-
orescence-based test techniques had the same sensitivity.
IgG tests have the maximum sensitivity during the infec-
tion’s subsiding phase, making them pertinent for disease
monitoring and later phases of illness development [67].
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The conserved recombinant NP was used in this work
as a scalable and safe alternative antigen for creating
an indirect ELISA detection platform for IgM and IgG.
Via the use of suspected clinical samples gathered from
India’s hotspot regions, the indirect ELISA was assessed.
Relative to reference MAC ELISA and IgG ELISA, there
was a 95% and 100% correlation, respectively. The find-
ings show that the developed indirect ELISA for measur-
ing IgM and IgG has good sensitivity and specificity for
identifying human CCHFV Ab. These assays are simple
and may be used for serosurveillance and high through-
put screening of human samples for clinical diagnosis.
Additionally, these assays may be converted into afford-
able point-of-care testing formats for use in resource-
constrained environments [123].A study comprised
patients at Boo-Ali Hospital in Zahedan, Iran, whose
hemorrhagic fever (HF) symptoms ranged from moder-
ate to severe. Every patient had two blood samples drawn:
one when the patient met the requirements for CCHF
notification and the other two weeks after the patient’s
hospital release. Six patients’ acute serum samples had
a positive IgM signal, according to in-house and com-
mercial testing. One discovery was that CCHF patients
acquire neutralizing Ab quickly after infection. It’s inter-
esting to note that additional CCHF virus strains might
also be neutralized by similar Ab. An original clinical
sample from a single patient with a proven case of CCHF
infection was used to determine the whole sequence
of the Zahedan 2007 isolate, including the previously
unidentified first L-segment sequence in question [124].

Using all available complete sequence data for the S
gene encoding the CCHFV NP and Ab cross-reactiv-
ity between the NP of a Greek isolate (AP92), the most
genetically diverse CCHFV strain, and the NP of a South
African isolate, the other study aimed to determine
genetic diversity in CCHFV. A collection of 45 CCHFV
isolates taken from GenBank was used to determine
the pairwise distances, nucleotide sequence diversity,
and amino acid diversity within and across genotypes.
When compared to SPU415/85, which was isolated from
a human infection in South Africa, the most diversified
virus, AP92, which was isolated from a tick in Greece,
showed the largest amino-acid change (8-7%). The codon-
optimized S genes of SPU415/85 and AP92 encoded
recombinant NP, which was produced in a bacterial host
system and used to create an in-house ELISA to identify
IgG Ab against CCHFV in South African patients who
recovered from diagnosis. Thirteen out of fourteen sera
responded with the Greek recombinant NP, while 14
reacted with the South African recombinant NP. The two
NP antigens’ serological cross-reactivity indicates that
recombinant antigens made from geographically differ-
ent strains of CCHFV will be used for epidemiological
and diagnostic purposes globally [125].
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The development and assessment of safe, sensitive, and
specific IgG indirect ELISA (iELISA) using recombinant
NP of the CCHF virus as an antigen is the subject of
separate research. The NP gene sequence that had been
codon-optimized was created, cloned, and expressed
in the pET28a+vector. After affinity chromatography
was used to purify the recombinant NP to homogeneity,
Western blot and MALDI-TOF/MS analysis were used to
characterize it. Using a panel of animal sera, the identi-
fied protein was used to create an indirect IgG microplate
ELISA. Using 76 suspicious samples, the internal ELISA
was compared to a commercially available ELISA kit
(Vector-Best, Russia). The results showed a 90% concor-
dance with 79.4% sensitivity and 100% specificity, respec-
tively. The test is reliable and repeatable under various
circumstances, according to the precision analysis. Addi-
tionally, the test was used for serosurveillance in rumi-
nants from various parts of India, and the results showed
that 18% of the ruminants were seropositivity, suggesting
that the virus was still in circulation in the area. Accord-
ing to the results, the new IgG iELISA that uses recom-
binant NP is a valuable and safe method for scaling up
high-throughput screening of Ab specific to CCHFV in
various species [126] (Table 2).

Advanced Detection

Based on the vital importance of early identification of
CCHEF in infection control, the development of a biosen-
sor as a fast tool looks to be highly significant in detecting
CCHEYV; nevertheless, there have been few investiga-
tions on this issue, and further research is required. The
CCHEFV biosensor platform may be thought of in three
stages: (1) diagnosis of CCHFV nucleic acid or proteins,
human immunoglobulins, and human miRNA, (2) use of
an immobilized bioreceptor on a transducer containing
a DNA probe, Ab/antigen, ligand, aptamer, and enzyme,
and (3) hybridization detection methods such as electro-
chemical, piezoelectric, fluorescent, colorimetric, mag-
netic, and acoustic technologies [131, 132, 133].

Biosensors

Aptamers are considered a particular and sensitive
instrument that may be employed in quick diagnostic
approaches [134]. The CCHFV NP was chosen as the tar-
get for aptamer separation because of its affluence and
conventional construction between other viral proteins.
The surface plasmon resonance (SPR) technique was
used in one investigation to measure the binding affini-
ties (Kd values) of aptamers. To create the aptamer-Ab
ELISA test, the Apt33 with the greatest desire to NP was
chosen. It effectively identified CCHFV NP in human
serum at a value of 90 ng/ml. The test’s specificity and
sensitivity were 100% when tested with clinical samples
using aptamer-Ab ELASA. This easy, particular, and
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sensitive method may be utilized as a point of care (POC)
test near the patient, as well as a quick and early diagnos-
tic tool. According to the findings of this investigation,
the developed aptamer can be employed in a variety of
aptamer-based fast detection techniques for the detec-
tion of CCHFV [135].

Fiber-optic biosensors (FOB) are a feasible substitute
for traditional CCHFV detection approaches because of
their small dimensions, high diagnostic precision, and
relatively inexpensive. Other POC methods, including
lateral flow, offer comparable benefits, but they do not
provide measurable outcomes and have restricted mul-
tiplexing options. Because optical fiber biosensors are
quantitative and easily multiplexed, they may be used to
build a multiple-target POC test. Immobilization of cap-
tured affine biomolecules (for example, antigen, Ab, NA)
at the end face and tip of an optical fiber is fundamen-
tal to creating optic-fiber biosensors. After that, the cap-
tured biomolecules bind to the target molecules, which
can connect to supplementary tagged diagnosis biomol-
ecules. When the indicator enzyme is exposed to a sub-
strate, it oxidizes, producing a chemiluminescent glow
that is accumulated through the optical fiber and relayed
to the detectors [136].

The goal of Fairoz Algaar’s study is to develop a FOB
for the exact diagnosis of Ab against CCHFV virus NP,
as well as to modify fiber-optic immobilization tech-
niques to increase the overall signal. They developed a
FOB for detecting CCHFV IgG Ab. To enhance sensi-
tivity, they tweaked both the bioreceptor immobiliza-
tion technique and the chemiluminescence substrate
composition. Finally, the FOB was tested throughout its
tests with two CCHFV patient samples. Fairoz Algaar et
al. showed that the FOB is tenfold more sensitive than
colorimetric ELISA and can diagnose patients with maxi-
mum and minimum IgG Ab rates. They believe that the
FOB is a better option than ELISA because it is much
more sensitive and enables the diagnosis of a small num-
ber of Ab at an initial phase of infection. It may be used
as a CCHFV POC detection method [137]. One strategy
for obtaining rapid detection is to use molecular detec-
tion techniques on “lab-on-a-chip” strategies that handle
and analyze therapeutically related biological or chemi-
cal samples in minute quantities. Optofluidic devices
with the potential for biosensing, bioanalysis, and other
uses are constructed by combining photonic principles
into microfluidic chips. Many fascinating gadgets employ
unique photonic concepts to develop practical POC
mechanisms [138, 139].

Alexandra M. Stambaugh and colleagues explore an
anti-resonant reflecting optical waveguide-based bio-
photonic analysis platform (ARROWs). ARROWs with
orthogonally crossed solid-core ARROWSs and ana-
lyte-carrying liquid-core ARROWS prepare for planar
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fluorescence stimulation and diagnosis of single bio-
molecule input. Furthermore, these silicon-based chips
may be combined with improved sample formation
stages on specialized microfluidic chips, enabling com-
plete sample-to-answer molecular biomarker analysis in
a chip-based system. They show how to use multimode
interference waveguide technology to detect four differ-
ent VHF entire RNA samples (Marburg marburgvirus,
Ravn virus, and CCHFV) without amplification, as well
as combinatorial fluorescence tagging of target NA. This
notion is supported by the detection of single molecules
in the total RNA sample after heat-triggered discharge
from the transporter microbeads [139]. The researchers
by utilizing an electrochemical reduction approach and
the self-assembled monolayer (SAM) method, devel-
oped a 4-aminophenyl functionalized gold electrode
(AuE) modified with silver nanoparticle-based graphene
oxide (AuE-AP-GO-Ag). 4-nitrophenyl covalently to the
surface of the AuE with its diazonium tetrafluoroborate
salt by electrochemical diazonium reduction technique
and 4-nitrophenyl modified glass carbon electrode was
exposed to make 4-aminophenyl functionalized AuE
(AP-AuE). The AP-AuE surface was treated with gra-
phene oxide nanorobots connected to silver nanoparti-
cles through the SAM process after a cathodic capability
scan to decrease the nitro to an amine group. They used
X-ray electron spectroscopy (XPS), infrared (IR) spec-
troscopy, cyclic voltammetry (CV), and electrochemi-
cal impedance spectroscopy to identify AuE-AP-GO-Ag
(EIS). The nanomaterial was employed as a SERS form to
detect ODN-based CCHFV using a DTNB Raman label
linked to silver nanoparticles [140].

The ability of nucleic acid aptamers to bind viral enve-
lope proteins has long been demonstrated, inhibiting
the spread of deadly virus infections. John G Bruno et
al. advanced and screened DNA aptamers versus recom-
binant envelope proteins or synthetic peptides, as well
as entire deactivated viruses from a variety of virulent
arboviruses, such as Chikungunya, CCHFYV, dengue,
tick-borne encephalitis, and West Nile viruses. To fur-
ther establish their economic viability, the maximum
desire and best-investigation CCHFV aptamers were
employed in constructing a fluorescent aptamer—MB
sandwich test. Other aptamer combinations were
examined to identify the best one for the trial, and the
Gn6-25R aptamer as a capture agent and the Gn6-
17 E-TYE665 as a reporter gave better fluorescence
detection. Aptamers scored well in the LF and fluo-
rescent sandwich tests, indicating that they might be
employed to detect arboviruses in these conditions.
Some of the found aptamers can bind viral envelope
proteins in vivo, making them antiviral in passive immu-
nity or preventive applications. As a result, they’ve been
made available to scientists for future research into
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diagnostic tests, biosensor applications, passive immu-
nization, and prevention against dangerous infections
[141]. Zgin Kose et al. present the creation of cryo-
gel columns made by adenosine triphosphate (ATP)
with ruthenium hapten cross-linker-based photosensi-
tive technique ANADOLUCA” for the biotinylation of
CCHEFV primers through the 5’ end. Without an ATP
ligand, constant and quantum dots (QDs)-based avidity
nanoparticles attached with streptavidin were employed
to identify CCHFV. P (HEMA-co-DNA ligase) photo-
sensitive copolymerized cryogel column with photo-
sensitive ruthenium chelate-based hapten cross-linker
was created and described as a biotinylated sustained
method employing ATP ligand and photosensitive
ruthenium chelate based hapten cross-linker. The result-
ing column’s biotinylated yield was then demonstrated
by continuous biotin binding without requiring an ATP
ligand to CCHFV. PCR was used to test the effective-
ness of the biotinylated CCHFV primer. A sustained
biotinylating column created from the identical ligand
that they made utilizing DNA ligase while working with
ATP in the DNA ligase biotinylation process can biotin-
ize without ATP. Furthermore, when avidity interaction
with the QD composition for viral detection was found
following biotinylation of virus-identifying ssDNA, fluo-
rescence was seen. The fluorescence intensity variations
caused by the hybridization of 3’-ssDNA complements
were then determined. The ANADOLUCA method for
biotinylation and avidity-based identification of CCHFV
primers [142] (Table 3).

CRISPR

A Clustered Regularly Interspaced Short Palindromic
Repeats (CRISPR) RNA (crRNA) with a “spacer”
sequence that correctly matches the target NA sequence
stimulus triggering of a CRISPR effector protein (Casl3a,
Casl2a, or Casl2b), resulting in lateral cleavage of RNA
or DNA reporters and considerable signal augmenta-
tion. This crRNA design technique may be utilized
to identify CCHFV at the SHERLOCK technology’s
Casl3a base (high-sensitivity enzyme reporter unlock-
ing). In 30—-40 min, it detects one copy/ul of vRNA from
all clades of CCHFV strains, as well as newly reported
strains with new alterations in the CRISPR target region.
It also has no cross-reactivity with any of the CCHFV-
related viruses. The CRISPR diagnosis based on degen-
erate sequences is a potential approach for successfully
identifying extremely changeable viral infections. To
understand more about the assay’s limit of detection
(LoD), consider that RT-PCR has been the most broadly
utilized molecular technique for identifying CCHFV
genomic sequences thus far. The LoDs for these assays
are generally in the 5-1000 cp/reaction range, with
an average of around 10 cp/reaction. The LoD of the
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Table 3 Biosensocrs for the detection of CCHFV

Method Detection LOD Characteristics REF
type target
(segment)
Aptamer- Nucleopro- 90 ng/ml This easy, particular,
antibody tein (NP) and precise method [135]
ELASA test can be used as a fast
and initial diagnostic
tool, as well as a POC
test near the patient.
FOB I9G Ab Antibody The FOB is tenfold
dilution more sensitive than [137]
1075 (200 ul  a colorimetric ELISA
diluted Ab)  and can identify both
high and low rates of
IgG Ab in patients.
Anti-reso- RNA 240.3 ng/pL  The fluorescence
nant reflect- for MARV signal amplitudesin ~ [138]
ing Optical and 2314 the Ebola whole RNA
Waveguides ng/uL for sample were eight
(ARROWs) EBOV times higher than in
three other whole
RNA samples: Lake
Victoria Marburg Virus,
Ravn Marburg Virus,
and CCHFV.
Surface- RNA - The AuE-AP-GO-Ag
enhanced NPs were employed [140]
Raman spec- as a SERS platform to
troscopy detect ODN-based
(SERS) CCHFV using silver

NPs connected with
a DTNB Raman label.
The calibration
curve was obtained
using the Raman
shift of nitro label
on a pM-sensitized
nanoplatform.

degenerate-sequence CRISPR test appeared comparable
to that of the RT-PCR assay at roughly 25 cp/reaction
[143].

Potential of Novel Biomarker as Detection Agents

MicroRNA (miRNA) is a naturally occurring short
non-coding RNA (ncRNAs) that controls the post-
transcriptional expression of coding genes. All
biological regulatory systems—cell differentiation, pro-
liferation, immune responses, development, and death—
are involved. Additionally, miRNAs may direct host
reactions or encourage the spread of illness following
infection [144]. Thus, miRNAs may represent promis-
ing new targets for developing diagnostic tools for a wide
range of infectious disorders. Studies have shown that
miRNAs may be employed as biomarkers and biosen-
sors for diagnosing illness [145, 146]. ncRNAs larger than
200 nucleotides are long non-coding RNAs (IncRNAs), a
diverse class of regulatory RNAs generated by specialized
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transcriptional units. Structured RNA molecules are fre-
quently the product of LncRNA transcriptional units;
these molecules interact with other biomolecules, includ-
ing DNA, RNA, and proteins, and function as scaffold-
ing for high-molecular-weight complexes with regulatory
actions that impact genomic output at several levels.
During the last decade, scientists have uncovered evi-
dence that IncRNAs play essential roles in viral infec-
tions, either as drivers or mediators. LncRNA mediators
have a major role in controlling the immune and inflam-
matory response to viral infections. These well-described
cases define the regulatory role of certain IncRNAs dur-
ing RNA virus infections [147, 148]. The signs and symp-
toms of VHFs also seem to be mostly or solely the result
of the virus-infected monocytes’ and macrophages’
secretion of cytokines, chemokines, and other proinflam-
matory mediators. One of the initial research on cyto-
kines in CCHF revealed that among 16 PCR-positive
CCHEF patients, the fatal case had the highest level of
IL-10 and the highest amounts of TNF-a, IL-6, and other
cytokines [149].

In this context, miRNAs constitute a potential marker.
MiRNAs are short, endogenously generated RNA mol-
ecules (18-22 nucleotides) which bind to the 3'-UTR
of target mRNAs to suppress gene expression. Numer-
ous biological functions, including the control of the cell
cycle, apoptosis, cell proliferation, and differentiation,
depend on miRNAslt has been discovered that miRNAs
secreted from virus-target cells regulate viral infection
and replication and that viral factors regulate intracellu-
lar miRNA expression. It is hypothesized that the virus
causes inflammation and a breakdown of the vascular
barrier by interfering with critical miRNA-regulated
activities in endothelium cells, which are responsible for
maintaining vascular health [32, 150-153]. According to
research, miRNA expression is associated with meaning-
ful communication in patients with CCHFV. As a result,
diagnosing miRNAs in CCHFYV patients will let the defi-
nition of therapeutic agents in infections. In this inves-
tigation, researchers evaluated miRNA expression in
case-control, deadly-control groups, and fatal-nonfatal
groups. Considerable miRNAs related to mortality were
discovered in CCHFV. In addition, researchers utilized
a microarray method forming a tremendous powerful,
and affordable technique to screen B-cell peptide epi-
topes including the whole GPC of CCHEFV. Significant
miRNAs linked to mortality in CCHFV were identi-
fied in the research. In this investigation, they employed
a microarray methodology to screen for B-cell peptide
epitopes that cover the precursor of the entire CCHFV
glycoprotein using an effective technique. This is the first
research in South Africa and Turkey to employ microar-
ray technology for screening clinical specimens in sur-
vivors of CCHFYV infection [154]. miRNAs are having
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an increasing influence on the various viral infection
pathways [155]. In the transition from the acute phase
to recovery in CCHFV patients, the effects of miRNA
through microarray have been investigated for the first
time. Investigators shown that miR-15b-5p and miR-
29a-3p were statistically substantially downregulated,
but miR-4741, miR-937-5p, miR-6068, miR-7110-5p,
miR-6126, and miR-7107-5p were upregulated in severe
instances compared to convalescent patients. Whereas
miR-6732-3p, miR-4436b-5p, miR-483-3p, and miR-
6807-5p showed the most downregulation, miR-532-5p,
miR-142-5p, miR-29¢-3p, and let-7f-5p showed the great-
est upregulation in acute patients compared to mild
instances. As a result, CCHFV-induced miRNAs have
been related to antiviral and proinflammatory pathways
in both mild and severe patients. miRNAs may be a fea-
sible target for diagnosis and therapy due to changes in
their expression [156]. Ferraris et al. observed a differ-
ent circulating miRNA (c-miRNA) profile in CCHFV
patients’ IFN-receptor-deficient (IFNAR) KO mice com-
pared to resistant wild-type (wt) animals. The plaque
assay and qRT-PCR were used to quantify CCHFV. In
this reaction, twenty c-miRNAs were found to be sig-
nificantly changed, such as miR-122-5p, miR-216a-5p,
miR-217-5p, miR-29a-3p, and miR-511-5p. Applying
logistic regression examination, a mixture of eight miR-
NAs permitted a 100% differentiation of mice suffering
an acute disease (IFNAR-KO) from unrecognizable clini-
cal symptoms. It is uncertain whether a similar trait may
be noticed in humans. However, further study is needed
to assess if c-miRNAs might be unique, therapeutically
significant prognostic instruments [157]. Compared to
the control group, people with CCHF had less miRNA-
126 and other miRNAs being expressed. The transcript of
miRNA-126-3p, on the other hand, dropped by 45-fold.
This is because it plays a part in making IFN-I and adjust-
ing the mechanism of the immune response in patients
[154, 158]. In the domain of miRNA detection, nanoma-
terials-based biosensing strategies offer several advan-
tages over conventional diagnostic methods, including
signal amplification, improved simplicity and sensitivity,
and a flexible biosensing scheme that can be custom-
ized to target a specific interest. By integrating fluores-
cence nanotechnology techniques with QDs, scientists
are capable of rapidly, efficiently, directly (cDNA is not
required), inexpensively, sensibly, and precisely detect-
ing miRNAs. Therefore, researchers examined the most
recent developments in detecting miRNAs using fluores-
cent methods based on nanomaterials, including AuNPs,
AgNCs, GO, MNPs, and SiNPs. It has been shown that
the utilization of these nanomaterials can enhance the
effectiveness, precision, and sensitivity of nanotech-
nology detection methods that are comparable to QDs.
Although there are still limitations to their practical
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implementation as routine systems in clinical diagnostic
and prognostic, advancements in nanobiotechnology and
nano-bioscience offer a positive outlook for the utiliza-
tion of nanomaterials-based fluorimetric approaches in
the detection of miRNA [32, 159].

Long noncoding RNAs (IncRNAs) control gene
expression in a variety of biological activities. For the
first time in CCHFYV, researchers analyzed the IncRNA
gene expression patterns using a microarray. To vali-
date the microarray results of several IncRNAs, a qPCR
was used. Compared to controls, FER1L4, ECRP, and
LOC100133669 are significant IncRNAs in both case and
fatal case groups [160]. The CCHFV microarray com-
prises recombinant proteins NP and NPSH, antigenic
regions of glycoprotein G1, and one protein L. The goal
was to progress and assess a recombinant protein-based
microarray for detecting IgM/IgG Ab against CCFV anti-
gens. Microarray detects IgM/IgG distinctly but in one
well because of the use of Cy3/Cy5-labeled particular Ab.
The researchers demonstrated that the recently advanced
microarray is a very accurate and specific diagnostic
instrument [161].

The purpose of this research was to establish a corre-
lation between early serum DcR3 levels and the clinical
severity of CCHF in patients. A control group of forty
healthy individuals and 88 patients hospitalized for
CCHEF between April and August 2022 were included
in the study. Based on their clinical course, the patients
were categorized as having mild/moderate (group 1,
n=55) or severe (group 2, n=33) CCHF. The ELISA was
utilized to quantify DcR3 levels in serum samples col-
lected at diagnosis. Significantly higher incidences of
hypoxia, fever, hemorrhage, nausea, headache, and diar-
rhea were observed in patients with severe CCHF com-
pared to those with mild/moderate CCHF. Serum DcR3
concentrations were more significant in Group 2 than in
Group 1 or the control group. Additionally, group 1 had
substantially elevated serum DcR3 levels compared to
the control group. Serum DcR3 had 99% sensitivity and
88% specificity in distinguishing patients with severe
CCHEF from those with mild/moderate CCHF when 98.4
ng/mL was used as the cutoff value. In contrast to other
infectious diseases, CCHF can manifest a severe clinical
course during the peak season in our endemic region,
irrespective of age and comorbidities. Early detection of
elevated DcR3 may permit the trial of additional immu-
nomodulatory therapies in CCHFE, a condition with lim-
ited treatment options beyond antiviral therapy [55].

Limitations and Advantages of Novel Detection Method in
CCHFV

Given the wide genetic diversity among CCHFYV strains,
molecular approaches that detect all of the virus’s cur-
rently known genetic lineages must be prioritized since
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the appearance of CCHFV strains from additional lin-
eages in unexpected environments is relatively unusual.
In acute conditions, Ab generation may be delayed or
nonexistent. In CCHFV diagnosing laboratories, quality
control tests are critical. There is a need for standardized
assays and POC testing with excellent effectiveness. Early
detection of CCHFYV instances requires awareness, prep-
aration, and monitoring [162]. Microarrays and other
high-end molecular platforms take a long time, cost a lot
of money, and generate much data. As a result, molecu-
lar-based techniques’ future potential should be focused
on creating rapid, user-friendly, cost-effective, and por-
table technologies to prevent a sudden spike in preva-
lence worldwide, particularly in resource-constrained
areas [163]. Furthermore, due to a lack of minimal labo-
ratory equipment in many prevalent areas, the availabil-
ity of viral culture as a detection instrument is usually
unattainable [164]. Diagnostics currently use real-time
RT-PCR and ELISA to identify Ab and antigens. These
methods need specialized staff and costly tools, and they
are not suitable for POC diagnostics. Furthermore, there
is no point-of-care testing available for CCHFV. The first
diagnosis uses PCR on blood, followed by a serological
test [137].

Furthermore, no POC tests for CCHFV are available.
Today’s diagnostic approaches in laboratories or diagnos-
tic centers require expensive equipment or qualified per-
sonnel to operate; nevertheless, CCHF V-endemic regions
are primarily rural, and diagnostic services in such places
are limited. Because of CCHFV’s high pathogenicity and
the high potential of CCHFV transmission from person
to person, biosensors as rapid, reliable, safe, and high-
sensitivity diagnostic tools might be extremely valuable
in the diagnosis of CCHFV; however, further research
is needed in this area [165, 166]. Biosensors, analytical
instruments that use a bio-molecule as a recognition ele-
ment, evolved in the previous decade for their speed and
specificity, particularly intending to create a POC device.
Biosensors are simple to use, do not require professional
training, are portable, and offer data in a matter of min-
utes. Biomolecules such as Ab and NA have been exten-
sively investigated and defined to ensure proper use in
emerging technologies targeted at speeding up biological
tests while preserving high specificity, such as biosensor
applications [167].

CCHF Infection Common Treatment Methods and
Drugs

The existing therapeutic options for CCHF are limited. At
present, the FDA has not approved any particular antivi-
ral drug for the management of CCHF in people. Ribavi-
rin, a potent antiviral medication, has shown exceptional
potential over an extended duration. Furthermore,
several articles have demonstrated the effectiveness of
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ribavirin in treating CCHFV infection in either oral or
intravenous administration. Ribavirin, a nucleoside ana-
log, has demonstrated antiviral efficacy against many HF
viruses and other viral strains. Ribavirin, while lacking
FDA approval for intravenous administration and being
only licensed for oral use in the United States for treating
hepatitis C, has been used for the management and pre-
vention of CCHF, Lassa fever (LF), and hantaviruses. The
primary basis for its utilization is derived from labora-
tory experiments assessing its efficacy and investigations
done on animals. Nevertheless, the available information
from human research is limited and sometimes relies
on anecdotal accounts [168]. Also, D’Addiego et al. used
next-generation sequencing to investigate the mutagenic
effects of ribavirin on the genome of the CCHFV across
the whole duration of the clinical disease. A study was
performed on samples collected from CCHF patients
who were solely receiving either ribavirin medication or
supportive care at Sivas Cumhuriyet University Hospital
in Turkey. The analysis of mutation rates across different
groups provided little evidence for a mutagenic impact
as a whole. This suggests that ribavirin, when given at
the recommended dosage by the WHO during the first
stages of CCHFV infection, does not have the potential
to cause fatal mutagenesis. Fatal mutagenesis refers to
the process of inducing mutations that would lead to the
complete elimination of the CCHFV population and a
decrease in the amount of virus in the bloodstream [169].
The efficacy of alternative therapies, such as Intravenous
Immunoglobulin (IVIG), steroids, CCHF hyperimmune
globulin, and CCHF mAbs, is still a topic of discussion
[170].

Favipiravir, or T-705, is a nucleoside analog employed
as a broad-spectrum antiviral agent that exhibits pro-
spective activity against CCHFV. Favipiravir has been
shown in vitro and in vivo to inhibit the synthesis of
viral genomes by various RNA viruses, including SARS-
CoV-2, Ebola virus (EBOV), Influenza virus, and Lassa
virus. Two studies successfully established the beneficial
impact of favipiravir in mice with advanced CCHF dis-
ease by employing mice as a model organism. The results
of an in vitro investigation suggest that the concurrent
administration of ribavirin and favipiravir may have a
synergistic impact on CCHFV. This may indicate that the
simultaneous administration of ribavirin and favipiravir
at modest concentrations may reduce the likelihood of
adverse effects while producing beneficial outcomes [150,
170, 171].

Ferraris et al. have assessed the potential antiviral
efficacy of several compounds that target the entrance
mechanism of CCHFV. Two compounds, namely chloro-
quine and chlorpromazine, were discovered by research-
ers. Neutralization and viral yield reduction tests were
conducted on two distinct strains of CCHFV using Vero
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E6 and Huh7 cells. Multiple combinations, including
ribavirin, were analyzed to evaluate a possible synergistic
impact. Both chloroquine and chlorpromazine demon-
strated inhibition of CCHFYV. The specific values for the
50% inhibitory concentration (IC50) varied depending
on the virus and cell lines used, with chloroquine rang-
ing from 28 to 43 uM and chlorpromazine ranging from
10.8 to 15.7 puM. Time-of-addition tests revealed that
these compounds had a direct impact on the infectivity
and dissemination of CCHFV. The antiviral efficacy of
the two compounds remained potent even when admin-
istered up to 6 h after infection and up to 24 h after that.
The range of the selectivity index, which varies from 3 to
35, prompted us to assess combinations, including riba-
virin. The combination of ribavirin and chloroquine or
chlorpromazine had a synergistic effect against CCHFV.
While the poor chlorpromazine selectivity index indi-
cates the need for chemical enhancement, our current
analysis emphasizes chloroquine as the primary medica-
tion with the potential for repurposing [38].

Severe CCHE, similar to other HFs, is characterized
by an uncontrolled inflammatory response and exces-
sive release of cytokines, resulting in significant immune
system damage. Therefore, there have been little efforts
to use anti-inflammatory medications in patients with
CCHEF to mitigate the excessive inflammatory reaction
of the host. A comparative analysis of patients diagnosed
with CCHF revealed that the administration of high-
dose methylprednisolone in combination with ribavirin
resulted in better results compared to the use of ribavirin
alone. Evidence suggests that corticosteroids may pro-
vide advantages for people with severe illness. Neverthe-
less, the number of participants in these investigations
is restricted. Recent research conducted on mice with
blocked IFN-I and deadly infection showed that animals
missing the TNF receptor or receiving therapy with an
Ab to inhibit TNF signaling were able to avoid fatal ill-
ness. It may be necessary to assess the potential of this
method to treat CCHF, considering the existence of clini-
cally authorized TNF therapies and treatments targeting
other host cytokines [2, 53, 61, 173].

CCHF Infection Novel Treatment Methods

Currently, Gc is the only identified target of CCHFV-
neutralizing Ab. According to reports, Gc remains
monomeric during the prefusion stage and transitions
to a trimeric state to facilitate membrane fusion in an
acidic environment. CCHFYV enters target cells by recep-
tor-mediated endocytosis, and the fusion of the virus
with endosomes occurs at multivesicular bodies. Never-
theless, the specific cellular receptor(s) responsible for
CCHEYV infection has not yet been identified, impeding
our comprehension of the interaction between CCHFV
and its host, as well as hindering the development of
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efficacious therapeutic approaches for CCHF. The pres-
ent investigation revealed the LDLR as an essential entry
receptor for the infection of CCHFV. Through the use of
biochemical, cellular, and genetic methodologies, we pro-
vide evidence that CCHFV Gc has a direct interaction
with LDLR. This interaction is capable of facilitating the
entrance of CCHFV into cells of both mouse and human
origin, as well as enabling the establishment of infection
and the development of disease in mice [42].

An investigation included creating a minigenome sys-
tem for orthonairoviruses, namely CCHFV and Hazara
virus, to examine viral replication. Additionally, a library
of FDA-approved compounds was examined. Introduc-
ing the minigenome components by transfection resulted
in a significant augmentation in luciferase expression,
suggesting that the reporter RNA underwent adequate
replication and translation. Through the process of
compound library screening, a total of 14 candidate
compounds were discovered. These compounds were
shown to have a substantial impact on reducing lucifer-
ase activity. Certain chemicals also hindered the prolif-
eration of the pathogenic Hazara virus. An investigation
was conducted to evaluate the inhibitory mechanism of
tigecycline. It was discovered that tigecycline caused a
reduction in the interaction between the viral N protein
and RNA. This study establishes a foundation for valida-
tion via animal models and the creation of chemical com-
pounds that exhibit enhanced activity. These findings will
be valuable for future research on developing an antivi-
ral treatment for CCHFV [174]. Both the virus and the
host cell might have different viewpoints on the role of
cholesterol in viral infection. The only thing that matters
for a virus particle is its ability to get enough sterol from
the infected cell to maintain the structure of its envelope
membrane bilayer since it does not have any internal
membrane structures. Therefore, broad-spectrum anti-
virals might potentially improve the health outcomes of
patients and expedite the therapy of viral infections. miR-
NAs, which are small RNA molecules that regulate gene
expression after transcription, have been recognized as
significant regulators of lipid homeostasis. These discov-
eries reveal the intricate complexity of lipid balance in
the body and the vital role that miRNAs play in control-
ling this process. This suggests new strategies for treat-
ing viral infections. Further investigation is required to
understand the role of miRNAs in regulating cholesterol
balance, particularly in the context of cirrhosis and the
chronic inflammation associated with viral hepatitis [175,
176].

U18666A, a cationic amphiphilic molecule, has been
shown to block Niemann-pick C1 (NPC1), a cholesterol
transporter, therefore effectively impeding the egress of
cholesterol from lysosomes. U18666A is a pharmaceuti-
cal agent that inhibits viral infection and impacts both the
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fusion and replication stages of the life cycles of different
viruses. Collectively, the results suggest that U18666A
has potential as a therapeutic agent for combating viruses
by impeding their transition from early and late endo-
somes into lysosomes after endocytosis, hence hindering
their ability to replicate. While the in vitro findings dis-
cussed above provide evidence for the important role of
lipid rafts and cholesterol in viral entry, conclusive veri-
fication in vivo is necessary. The potential significance
of lipid rafts in aiding the cellular entry of coronaviruses
suggests that new therapeutics for SARS-CoV-2 might be
developed. Further investigation is required to determine
the viral and cellular factors that contribute to the reduc-
tion of viral infection by U18666A treatment. To enhance
researchers’ comprehension of the interaction between
viruses and host cells, as well as to facilitate the develop-
ment of novel therapeutic approaches, it is essential to
get a more comprehensive understanding of the impact
of U18666A-induced changes in intracellular cholesterol
balance on viral infections. This medication’s antiviral
capabilities are so promising that it justifies thorough
clinical testing. Hence, investigators advocate for using
nanoparticles for precise therapeutic interventions,
alongside more investigations to ascertain the adverse
effects of this medication and the optimal dosage for var-
ious viral illnesses [177-179]. Investigating the impact of
lipids and cholesterol on CCHFV may contribute to the
advancement of therapeutic approaches.

Utilizing metabolomics to investigate alterations in
the metabolism of hosts caused by viral infections has
demonstrated to be a revolutionary methodology. Before
Gocenler et al. research, there was a solitary ‘omics’
study that examined the interaction between the host
and CCHFYV, as well as the consequent pathogenesis of
the virus. They utilized NMR spectroscopy due to its
prowess in analyzing complex biofluids, minimal sam-
ple preparation requirements, and reproducibility. The
approach researchers employ in this study is founded on
the established achievements of metabolomics in inves-
tigating VHFs, including Ebola, Marburg, and Dengue.
Researchers’ research emphasizes the pivotal significance
of SAH, a metabolite that participates in many biochemi-
cal reactions. Also, investigators offer novel perspectives
on the metabolic changes in patients with CCHF. These
modifications provide insight into the pathogenesis of
the disease but also establish a foundation for poten-
tial biomarkers and therapeutic targets. S-Adenosyl-
L-homocysteine and Carnosine emerged as the most
abundant metabolites among those identified, thus jus-
tifying additional investigation into their involvement in
the pathogenesis of CCHFV and their potential as targets
for therapeutic interventions [180]. An image-based phe-
notypic high-throughput screening test, including auto-
mated image processing, was created by Tampere et al. to
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assess a set of tiny pharmacological inhibitors that were
internally generated and focused on nucleotide metabolic
pathways and oxidative stress. The antiviral compounds
TH3289 and TH6744, which were recently found, have
a broad spectrum of antiviral actions against many RNA
viruses, including CCHFV, EBOV, Hazara virus, and
SARS-CoV-2. HSP70-related cellular pathways are prob-
ably affected by these impacts [181].

Immunotherapy in CCHFV

Based on research findings, upon viral entry into the
body, immune cells, including dendritic cells and mac-
rophages, are compromised, and inflammatory cyto-
kines (e.g., TNF-alpha, IL1, and IL6) are secreted. These
cytokines generate cytokine storms, which induce
shock through endothelial activation and vascular leak-
age. Conversely, the formation of clots and DIC leads to
extensive impairments in multiple organs, including the
liver and kidneys. The importance of disease prevention
and treatment cannot be overstated, given the absence of
an alternative efficacious vaccination. As a result, immu-
notherapy is employed. When integrated with compensa-
tory therapies, including but not limited to Fresh Frozen
Plasma (FFP) replacement, hydration, electrolytes, and
blood and platelet replacement, one of the most effica-
cious regimens is maintained. Research has demon-
strated that certain anti-inflammatory treatments, such
as corticosteroid-based immunotherapy, neutralizing
and non-neutralizing mAbs, cytokine therapy, and IVIG
immunotherapy, are efficacious in managing the disease
[182]. Ab that neutralize viruses represent a potentially
effective treatment for infectious diseases. In this investi-
gation, 37 specific mAbs against the CCHFV Gc subunit
were produced from mice. Ab that neutralized pseudo-
typed viruses and authentic CCHFV were identified
as Gc8, Gel3, and Ge35 in neutralization assays. Gel3
exhibited the most excellent affinity for and neutralizing
activity against CCHFV Gc. In a lethal mouse infection
model, Gcl3 consistently demonstrated in vivo protec-
tive efficacy (62.5% survival rate) against CCHFV infec-
tion, while neither Ge8 nor Ge35 did so. Ge8 and Gel3
may recognize a similar, linear epitope in domain II of
CCHEFV Gc, whereas G¢35 may identify a distinct epit-
ope in Gc, according to additional characterization stud-
ies. The analysis of Gc-Fab complexes via cryo-electron
microscopy revealed that Ge8 and Gcel3 bond to the
conserved fusion loop region, with Gc13 exhibiting more
robust interactions with sGc-trimers. This was substan-
tiated by the fact that Gcl3 inhibited the GP-mediated
membrane fusion of CCHFV. In general, this research
offers novel therapeutic approaches for the management
of CCHF and provides fresh perspectives on the way Ab
interacts with CCHFV Gc proteins [183]. An increasing
body of scientific literature underscores the importance
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of the IL-36 family as a component of the proinflamma-
tory signaling pathway. To date, however, the potential
of IL-36 family members as biomarkers in CCHF has
not been investigated. By comparing the levels of IL-36q,
IL-36B, and IL-36y in healthy controls and patients with
CCHE, this study attempts to close this knowledge gap
by examining the correlation between these biomark-
ers and disease severity and prognosis. In this case-
control investigation, 60 confirmed CCHF patients and
29 healthy controls were enrolled. IL-36y, IL-36f, and
IL-36y concentrations in the serum were determined
using ELISAs. CCHF patients exhibited notably elevated
concentrations of IL-36a and IL-36p compared to the
control group of healthy individuals. Nevertheless, there
were no IL-36y levels that differed significantly from one
another between the two groups. A significant increase
in IL-36a and IL-36y levels was observed in non-survi-
vors of CCHF compared to survivors. IL-36a and IL-36y
levels positively correlated with activated partial throm-
boplastin time and D-dimer. On the contrary, platelet
counts exhibited an inverse relationship with both IL-36«
and IL-36y concentrations. Patients with CCHF have ele-
vated levels of IL-36a, IL-36f, and IL-36y, which suggests
that these molecules are involved in proinflammatory
responses. Understanding the involvement of IL-36 fam-
ily members in the pathogenesis of CCHF may provide
significant knowledge regarding the advancement of the
disease and aid in the formulation of precise therapeutic
approaches [184].

Golden et al. conducted a study utilizing adult mice to
examine the efficacy of glycoprotein-targeting neutral-
izing and non-neutralizing mAbs in protecting against
CCHEFYV infection. Adult IFN-I-deficient mice were pro-
tected by a solitary non-neutralizing Ab (mAb-13GS8)
to greater than 90% when treatment commenced before
virus exposure and greater than 60% when administered
after viral exposure. Immunoglobulin G subclass not-
withstanding, neutralizing Ab that are known to protect
neonatal mice from fatal CCHFV infection were inef-
fective in achieving this. mAb-13G8 was found to tar-
get GP38, which is among several GP derived from the
CCHFV GPC polyprotein that is cleaved proteolytically.
This research establishes GP38 as a critical Ab target in
impeding the progression of CCHFV and provides the
groundwork for developing human immunotherapeutics
against CCHFV [185]. It has been reported that mAbs
that neutralize the glycoprotein Gc of CCHFV can pro-
tect mice from challenges with the prototype CCHFV
strain, IbAr10200. However, the neutralization of other
CCHEFYV strains by these mAbs remains unknown due to
the considerable sequence diversity of CCHFV GP. Ini-
tially, a CCHF VLP system was used to create eleven VLP
moieties, each containing a glycoprotein from a geneti-
cally distinct CCHFV strain obtained in Africa, Asia, the
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Middle East, or southeastern Europe. These VLPs were
used by researchers to effectively test the cross-neutral-
ization efficacy of mAbs under biosafety level 2 settings.
Most CCHF VLPs showed cross-neutralization activity
with three mAbs (8A1, 11E7, and 30F7); 8A1 neutralized
every VLP tested. Although binding tests show that none
of the mAbs compete with one another for the same epi-
tope, in this specific system, adding 11E7, 30F7, or both
to 8A1 did not increase neutralization. Researchers vali-
dated their findings from the VLP system by confirming
that five different CCHFV strains were neutralized in
vitro by the three mAbs that were able to perform strain
cross-neutralization. Escape mutants resistant to further
neutralization were not produced when CCHFYV strains
were passaging in the presence of mAb concentrations
below neutralization limits. The previous research dem-
onstrates how well the VLP technique works to screen
for and neutralize mAbs against various CCHFV strains.
Additionally, it offers the first proof that a single mAb can
neutralize a range of CCHFV strains in vitro. This discov-
ery has the potential for the future development of CCHF
treatments [186].

Limitations and Advantages of Novel Treatment Method in
CCHFV

The past publications mainly focused on various choices
for supportive therapy, such as steroids and immuno-
globulin, as well as the effectiveness of antiviral medica-
tions, particularly ribavirin and favipiravir. While several
research has validated the clinical efficacy of ribavirin in
treating CCHE, other investigations have failed to estab-
lish its usefulness. Multiple studies have consistently
shown that supportive treatments constitute the fun-
damental cornerstone of therapy. Supportive treatment
is the essential approach to managing CCHF. The effec-
tiveness of ribavirin for treating CCHF is uncertain, and
more randomized case-control clinical studies are nec-
essary to validate its use and provide recommendations
for CCHF therapy. Additionally, the efficacy of other
therapeutic approaches such as steroid injection, immu-
noglobulin therapy, and mAbs need more definitive
evidence. Favipiravir is a very promising antiviral medi-
cation for the treatment of CCHF [187].

Considering the protracted process of antiviral drug
development and approval, one potential approach
could be to repurpose established medications for use
in different medical conditions. Extensive human dos-
ing experience is available for the majority of these drugs.
Furthermore, the profiles of their excretion, metabolism,
safety, absorption, and distribution are well understood.
It has been demonstrated that the clinical drugs chloro-
quine and chlorpromazine, which are used to treat non-
viral diseases, inhibit CCHFV in vitro. Although viruses
can vary considerably, their life cycles share several stages
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in common. These stages consist of entry, biosynthe-
sis, assembly, and release. Viruses typically target host
processes and proteins similar to their own to develop
host-directed, broad-spectrum antiviral drugs. Virus
mutation is a significant obstacle in developing antiviral
drugs, particularly for the RNA virus CCHFYV, which has
a high mutation rate. Considering several impediments
to advancement, it seems certain that CCHF will persist
as a substantial menace to public health in the foresee-
able future. Progress in fields such as the research of viral
protein structures, the creation of animal models with
a strong immune system, and the investigation of the
interaction between viruses and hosts will facilitate the
development of efficient treatment interventions against
CCHE. Furthermore, achieving effective CCHF therapies
necessitates cooperation across nations where the dis-
ease is prevalent. Additionally, a model using cynomol-
gus macaques with a fully functioning immune system
has been created and used to assess the effectiveness of
favipiravir therapy against CCHFV infection. Further
experimentation and refinement are necessary to evalu-
ate the effectiveness of countermeasures against CCHFV
using this non-human primate model. This includes
doing experiments with more suitable delivery meth-
ods and virus doses. Enhanced comprehension of virol-
ogy and the interactions between viruses and hosts in
the future could yield valuable insights for the creation
of engineered animal models. These models would pos-
sess specific virus-infection-associated host factors that
are humanized, offering substantial benefits over models
where common immune signaling proteins are merely
removed. To further the study of medicines for CCHFYV,
it is necessary to establish more suitable animal models
for pre-clinical research since the existing assessment
of anti-CCHFV medications has been confined to ani-
mal models and clinical trials [37, 188, 189]. It is indis-
putable that CCHF will continue to pose a substantial
public health risk for the foreseeable future, given the
numerous impediments to progress. Additional prog-
ress in domains including the structural analysis of viral
proteins, the development of immunocompetent animal
models, and the investigation of virus-host interaction
would facilitate the formulation of efficacious medical
countermeasures against CCHE. Further, collaboration
among endemic nations should be an integral component
of successful CCHF therapeutic research. Furthermore,
an immunocompetent cynomolgus macaque model was
established and employed to assess the effectiveness of
favipiravir treatment in combating CCHFV infection.
Further evaluation and optimization of countermea-
sures against CCHFV should be conducted on this non-
human primate model. This can be achieved through
experimental settings that utilize more suitable admin-
istration approaches and viral dosages. In the future, a
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more comprehensive comprehension of virology and the
interactions between viruses and hosts could yield fresh
insights that could facilitate the creation of engineered
animal models featuring humanized virus-infection-
associated host factors. These models are anticipated
to offer substantial benefits over those lacking common
immune signaling proteins. Existing clinical trials and
animal models for evaluating anti-CCHFYV therapies are
limited in scope; therefore, future research should con-
centrate on the development of more suitable animal
models of CCHFV to facilitate preclinical investigations
of therapeutics [37, 190, 191].

Vaccination Method Against CCHFV

At this time, no licensed vaccines are accessible for
CCHFV. The lack of an animal model susceptible to
CCHEV infection significantly impeded vaccine devel-
opment efforts. Despite succumbing to disease, new-
born rodents are unsuitable for evaluating the efficacy of
vaccines due to their lack of similarity to human CCHF
and immature immune systems. To assess the effective-
ness of vaccines, numerous animal models of CCHFV
infection have been developed in recent years. Diverse
strategies have been implemented to create a CCHFV
vaccine. The vaccines encompassed in this category are
those based on recombinant subunits, human adenovirus
5-vectored vaccine, virus replicon particle (VRP) vaccine,
gene-based vaccine platforms (DNA or mRNA), vesicu-
lar stomatitis virus-based vaccine, and modified vaccinia
Ankara—based vaccine [191-193].

Nucleic Acid Vaccines

There aren’t many easily available vaccinations avail-
able right now, and even while the WHO recommends
ribavirin as a therapy, its efficacy is yet unknown. This
research evaluates a potential replicating RNA vaccine
in a rhesus macaque (Macaca mulatta) model of CCHE.
In place of the well-known cynomolgus macaque model,
this alternative model replicates a range of mild to mod-
erate human disorders. Persistent viremia, VRNA detec-
tion in several organs, and significant pathology in the
liver and spleen of Rhesus macaques are the hallmarks
of CCHFYV infection. The model was used to evaluate the
immunogenicity and protective effectiveness of a rep-
licating RNA vaccine. After receiving an immunization
with RNAs encoding the CCHFV NP and GPC, rhesus
macaques showed a strong defense against the CCHFV
challenge as well as a strong development of non-neu-
tralizing humoral immunity against the NP. Researchers’
combined results demonstrate the immunogenicity and
protective benefits of investigators’ replicating RNA vac-
cine in non-human primates after a prime-boost vaccina-
tion, and they also offer a model of CCHF using rhesus
macaques [194].
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Suschak et al. previously evaluated a DNA vaccine car-
rying the laboratory CCHFYV strain IbAr 10,200’s M-seg-
ment GPC gene (CCHFV-y;p500). Mice were protected
by CCHF V- 0200 2gainst a challenge with homologous
CCHEFV-IbAr 10,200 by more than 60%. In this study, it
is documented that augmenting the dosage of CCHFV-
Miozo0 i mice results in comprehensive immunity against
challenges from homologous CCHFV and substantial
(80%) protection against challenges from the clinically
significant heterologous strain CCHFV-Afg09-2990.
In addition, researchers document complete immunity
against the CCHFV-,(09 2999 challenge after adminis-
tering a CCHFV-,409 2990 M-segment DNA vaccine.
In conclusion, Suschak et al. demonstrate that GP38, a
non-structural M-segment protein, exerts an impact on
the immunogenicity of the CCHF vaccine and confers
substantial protection against homologous CCHFYV chal-
lenge. The findings of this research exemplify the protec-
tive immunity of CCHF that M-segment DNA vaccines
induce, in addition to highlighting the immune relevance
of GP38 [10].

Hawman et al. described how they successfully pro-
tected a non-human primate disease model from
CCHFV-mediated infection. A DNA-based vaccine was
administered to Cynomolgus macaques via in vivo elec-
troporation-assisted delivery. The vaccine was composed
of two plasmids, each encoding the NP and GPC of
CCHEFV. They observed robust T-cell and Ab responses
in animals that had received three vaccinations. The
NP+GPC vaccinated animals were considerably more
resistant to CCHF-induced disease, viremia, and high tis-
sue viral burdens than the sham-vaccinated animals. In
summary, this supports the notion that a vaccine may
offer protection against disease induced by CCHFV in a
model of non-human primates. This facilitates vaccine
clinical development for populations at risk of contract-
ing the disease [195].

In a previous study, Hawman et al. documented the
noteworthy effectiveness of a three-dose DNA-based
vaccination protocol against CCHFV in cynomolgus
macaques (Macaca fasicularis). Here, researchers dem-
onstrate that plasmid-expressed CCHFV NP and GPC
antigens primarily induce humoral and cellular immu-
nity, respectively, in cynomolgus macaques. A two-dose
vaccination regimen containing plasmids expressing the
NP and GPC provides substantial protection against
CCHEFV infection, according to their findings. Research
examining vaccinations using plasmid-expressed NPs
and antigen-only vaccines revealed the potential for
protection. Researchers findings indicate that this
vaccine provides comprehensive protection against
CCHFV and that optimal vaccine-mediated protection
is mediated by both humoral and cellular immunity
[196] (Fig. 5).
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mAbs that targeted the glycoprotein GP38, which is
particular to that study, provided protection. Neutral-
izing Ab directed towards GC exhibits more significant
variability in terms of protection. Thus far, only one engi-
neered bicistronic Ab has demonstrated therapeutic effi-
cacy. This Ab was created by combining two neutralizing
AD that target different sites on one of the six identified
antigenic sites in GC. These results demonstrate the
potential protective effects of extrinsically delivered Ab.
The mean time-to-death of the CD8/~ mice vaccinated
with CCHFV-MAfg09 was significantly longer than that
of the group vaccinated with an empty vector. This sug-
gests that the Ab response may have offered some protec-
tion. This may indicate that vaccination-induced humoral
responses against the GP fail to generate adequate levels
of Ab against critical protective epitopes, thereby imped-
ing the development of robust protection. In summary,
this study demonstrates that the protective effectiveness
of the M-segment-based DNA vaccine against CCHFV
depends on the CD8+T-cell response. Further research
examining the immune response to each component
across multiple vaccine platforms is required to ascertain
whether our conclusions regarding GPC remain valid
outside of DNA vaccination. Since antigenic strategies to
target CD8+T cells differ from a global immune system
strategy, the insights garnered from these studies could
be utilized to enhance the design of the GPC component
of CCHFV vaccines. By using the IFN-I blockade para-
digm in rodents devoid of particular adaptive immune
compartments, our research establishes a framework for
investigating such inquiries [197].

Studies have shown that the prototype of mRNA treat-
ment, known as direct mRNA injection, induces the
production of particular proteins that trigger an immu-
nological response. RNA-based vaccines provide notable
advantages compared to traditional immunization meth-
ods due to their high potency, potential for secure admin-
istration, cost-effectiveness in manufacturing, and ability
to be rapidly developed. Reports indicate that mRNA-
based vaccination elicits a more pronounced CD4+or
CD8+T cell response than protein immunization [198,
199]. The efficacy and safety of the two most widely used
mRNA vaccines against SARS-CoV-2 and its many vari-
ants have been shown in clinical studies [200]. Scientists
provide evidence that immunization with nucleoside-
modified mRNA-lipid nanoparticles (nRNA-LNP) con-
taining the genetic information for the CCHFV NP or GP
(GcGn) effectively shields IFNAR™™ mice against fatal
CCHEFV infection. Furthermore, research shows that
both mRNA-LNP formulations elicited robust humoral
and cellular immunological responses in both IFNAR™/~
and immunocompetent mice. It was also shown that
neutralizing Ab is not essential for providing protection.
Upon assessing the immunological reactions triggered
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Fig. 5 In a recent publication, scientists described the initial vaccine that exhibited effectiveness against CCHFV using a cynomolgus macaque model.
A prime-boost-boost regimen involving in vivo electroporation of DNA plasmids encoding the NP (pNP) and GPC (pGPC) protected macaques infected
with CCHFV significantly against viral replication and disease. Scholars present an advanced comprehension of the protective mechanism of this vaccine,
as well as a significant refinement for the benefit of public health, in this article. Two immunizations of infected macaques with this vaccine platform
containing both the NP and GPC antigens provide substantial protection against CCHFV, as demonstrated. It is noteworthy that they discovered that the
combined administration of pNP and pGPC exhibited a higher level of protection against CCHFV infection compared to the use of three immunizations
consisting solely of pNP or pGPC. Ab to antigens, humoral immunity, and cellular immunity may all contribute to vaccine-mediated protection against

CCHFV, according to investigators'findings [197]

by vaccination with CCHFV Gc and Gn antigens, it was
observed that the Gc protein exhibited higher immuno-
genicity in comparison to the Gn protein. Hepatic dam-
age is common in CCHF and has a significant role in the
severity and death rates of the illness in people. There-
fore, to comprehend the immune response in the liver
after infection and the possible impact of the vaccination,
researchers conducted a proteome study on liver samples
obtained from vaccinated mice and mice that served as
controls after being infected with CCHFV. Consistent
with findings in people, immunization had an impact on
metabolic pathways. Overall, investigations demonstrate
that a CCHFV mRNA-LNP vaccine, using viral nucleo-
or GP, confers protection against CCHFV-induced ill-
ness. Hence, genetic immunization presents a compelling
strategy for averting diseases caused by CCHFV. Investi-
gators are confident that they possess the requisite data
to advance this vaccine platform to the subsequent stage
in creating a vaccine against CCHFV infection [201].

The current research included the creation of a novel
mRNA vaccine without any protective covering, which
expresses the non-optimized small (S) segment of the
Ank-2 strain of the CCHFV. Researchers then examined
the immunogenicity and protective capabilities of both
the single and booster doses of the vaccine in two differ-
ent mouse models, namely IFNa/p/yR™'~ and C57BL/6,
using a challenge test. The outcomes derived from the
immunological tests, including IL-4 and IFN-gamma
ELISPOT, intracellular IFN-gamma staining, in-house
sELISA, and survival data, clearly showed that their con-
struct stimulated the generation of immune responses
targeted against the nucleocapsid (N) in both mouse
models. The booster dosage group of IFNa/p/yR™'~ mice
achieved a protection rate of 100%, suggesting that more
tuning is required for this platform in future investiga-
tions and ultimately, researchers evaluated a new method
for vaccinating against CCHFV by using a traditional
mRNA platform. This strategy shows promise for future
research as an effective and secure means of combating
this illness [202]. Researchers conducted a study using
an immunoinformatics technique to create a universal
mRNA-based multi-epitope vaccination called CCHF_
GN728 for the CCHFV. The GPC and NP proteins from
the virus were chosen and examined for possible T-cell
and B-cell epitopes that may trigger an immune response.
The antigen they created can provide global coverage to

99.95% of the population. The stability of the epitope-
allele association was verified by the use of molecu-
lar docking and dynamics modeling techniques. The
in silico immunological simulation confirmed that the
immune cells responded to the pace at which antigens
were cleared. Optimized codons guaranteed the mRNA
was expressed efficiently in the host cell. The vaccination
demonstrated consistent and robust interactions with the
Toll-like receptors. The researchers’ results indicate that
the CCHF_GN728 vaccine will elicit targeted immune
responses against the CCHFV virus. Their model is pre-
pared for wet lab experiments to evaluate the effective-
ness of this potential vaccination candidate [203].

Viral Vectored Vaccines

Modified Vaccinia virus Ankara (MVA)-based Poxviral
vectored vaccines, for instance, can carry sizable gene
inserts, including the CCHFV M segment. MVA can
stimulate high-level gene expression of recombinant
genes in vivo and in vitro despite its lack of proliferation
in most mammalian cells. This is achieved by incorporat-
ing genuine post-translational modifications in the recip-
ient cell. MVA is capable of stimulating both humoral and
cellular immunity without the need for an adjuvant [193].
Of instances that are documented, 15-70% are deadly,
and there is currently no licensed vaccination. A recom-
binant candidate vaccine expressing the CCHF virus NP
was created in the past using the attenuated poxvirus
vector, MVA. Two mouse strains, including IFN-I recep-
tor deletion mice prone to CCHEF illness, were tested for
cellular and humoral immunogenicity. In a difficult sce-
nario, the vaccine did not shield animals from deadly ill-
ness despite the immunological responses produced after
vaccination. When challenged with the CCHF virus, the
MVA-NP vaccine candidate showed antigen-specific
immunogenicity in mice but no protective benefits. This
indicates that vaccinations against the CCHF virus must
show protection in a fatal dosage scenario before protec-
tive effectiveness can be demonstrated since there are no
immunological correlates of protection [204].

In another study, an experimental CCHF vaccine vec-
tor was constructed and characterized by researchers.
The vector was based on human adenovirus type 5 (Ad)
and expressed the CCHFV N (Ad-N). Cell lysates con-
tained detectable amounts of the CCHFV N protein
after infection with recombinant Ad-N. Ad-N-immune
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mice developed a humoral immune response against N.
When administered as a single dose of Ad-N, IFNAR-/-
mice were protected against lethal CCHFV challenge by
30%. This could be increased to 78% protection through
the use of a prime-boost regimen. N functions signifi-
cantly as a protective component of a CCHFV vaccine,
according to these findings. In summary, this study pres-
ents findings on the limited protective effectiveness of an
Ad-based vaccine vector carrying the CCHFV N (Ad-N)
against a lethal challenge of CCHFV in a mouse model
that is immunocompromised and highly susceptible.
This more conserved CCHFV antigen mediates a par-
tial efficacy of up to 78% after a prime-boost vaccination
strategy; this finding underscores the antigen’s pivotal
function in safeguarding against CCHFV and implies its
potential inclusion in future CCHFV vaccine strategies
[192].

The preclinical evaluation of a chimpanzee adenoviral
vectored vaccine (ChAdOx2 CCHF) that encodes the
GPC from CCHFYV is presented by Saunders et al. Here,
they showed that immunization with ChAdOx2 CCHF
results in 100% protection in a fatal CCHF challenge
scenario and a humoral and cellular immune response
in mice. The significant levels of CCHFV-specific cell-
mediated, and Ab responses in mice are induced by
administering the adenoviral vaccine in a heterologous
vaccination regimen paired with the MVA CCHE. Fur-
ther evidence of protection against illness is provided
by histopathological inspection and viral load analysis of
the tissues of ChAdOx2 CCHF immunized mice, which
show no signs of microscopic alterations or viral antigens
linked to CCHF infection. An efficient CCHFV vaccine
is still required to shield people against the deadly hem-
orrhagic illness. Their results encourage the ChAd plat-
form’s further development to express the CCHFV GPC
and create a CCHFV vaccine [205].

Researchers detail the formulation and evaluation of a
candidate vaccine comprised of CCHF VRP. It was pos-
tulated that the administration of VRPs, which resemble
the composition and structure of genuine CCHFV, could
potentially elicit a more pronounced establishment of
CCHFV immunity compared to existing experimental
vaccine alternatives. The procedure for generating VRPs
is founded upon the reverse genetics system earlier elu-
cidated for CCHFV strain IbAr10200. On the contrary,
all surviving vaccinated animals (17/19) developed Ab
against NP, while Ab against Gc was present in all but
one animal (18/19). Mice vaccinated with the low dos-
age had significantly higher anti-NP and Gc Ab titers
after CCHFV exposure. However, in mice that got the
high VRP dosage, the titers of both NP and Gc¢ Ab only
slightly rose, which may indicate that CCHFV replica-
tion was absent or was at a lower level than in the ani-
mals who received the low dose. To determine their
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significance in protection, further research on T-cell
responses and Ab activities will be required. Collectively,
investigators’ findings validate the security and effective-
ness of a solitary administration of this innovative vacci-
nation in immunocompromised IFNAR™'~ mice, a highly
susceptible CCHFV model. Reverse genetics systems are
readily modifiable, and they might be used as a platform
for developing novel CCHFV vaccines or to boost their
effectiveness at a lower dosage possibly. It is uncertain
what immune response to CCHF survival or experimen-
tal vaccinations are linked to. Without producing illness,
VRPs mimic most of the processes involved in CCHFV
replication. As such, they may serve as a helpful model
for defining protective immune responses, all with-
out raising the biosafety issues related to utilizing live
CCHEYV in experiments. In summary, researchers’ find-
ings validate CCHF VRPs as a potentially effective vacci-
nation platform that may lessen the risk of CCHFV to the
public’s health. Future research should concentrate on
better characterizing the immune response to immuni-
zation, determining the timing of vaccination (i.e., before
and after exposure), and clarifying the protective mecha-
nisms [206].

As experimental vaccines, recombinant vesicu-
lar stomatitis viruses (rVSV) that express foreign GP
have demonstrated promise against several VHFs. In
a study, a replication-competent rVSV vector encod-
ing the CCHFV structural GP, CCHFV GPC, was con-
structed and evaluated. This construct induces robust in
vitro expression of CCHFV-GP. Researchers vaccinated
STAT-1 knock-out mice, which serve as an animal model
for CCHFYV, with these vectors. The vector was well toler-
ated and exhibited complete efficacy when tested against
a clinical strain of CCHFV. Titers of neutralizing Ab and
anti-CCHFV-GP IgG were detected in surviving animals.
A rVSV expressing exclusively the CCHFV-GP has the
potential to function as a replication-competent vaccine
platform against CCHF infections, according to the find-
ings of this study [207].

Inactivated Vaccines

For more than a century, inactivated vaccines have been
used to produce immunity against viral infections. His-
torically, vaccinations have been developed using purified
inactivated viruses, and research has shown that these
vaccines are both safe and efficient in preventing illnesses
like the poliovirus and influenza virus [208, 209]. The
conventional method of vaccine manufacture is reason-
ably easy to accomplish and offers an enhanced safety
profile compared to live vaccines. Typically, all inacti-
vated viral vaccines have a similar manufacturing pro-
cess, whereby the pathogen is first grown on a substrate
to generate substantial amounts of antigen. These terrible
occurrences operate as a cautionary tale for all vaccine



Muzammil et al. Biological Procedures Online (2024) 26:20

researchers. Simply deactivating a pathogen does not
automatically result in a vaccine that can generate pro-
tective immunity. It is crucial to maintain the viral epi-
topes required to induce protective immunity following
deactivation [210]. Vaccines against inactivated viruses
are made from intact viruses that have been heated or
chemically processed. Heat and chemicals like formalde-
hyde and phenol denaturate the surface proteins, render-
ing them inactive and non-infectious. Specific epitopes
that remain unaltered after the whole virus is treated
retain part of its integrity and trigger the production of
Ab, triggering an adaptive immune response. The virus
is divided into smaller antigenic pieces by phagocytic
immature dendritic cells upon injection. These antigenic
fragments are then exposed on the surface of MHC cells,
activating B cells and T helper cells. There are no adverse
side effects from inactivated vaccinations. Because they
are incapable of replicating, they are heat-stable, non-
infectious, and nontransmissible to the illness. Booster
doses may sometimes be required to generate a signifi-
cant immune response, however, since they are typically
not as effective as live vaccinations and are insufficient as
a single dose [211, 212].

In a study, the durations of the immune response,
immunogenicity, and development of inactivated vac-
cine (CCVax) formulations derived from cell culture
were compared to those of vaccine (MBVax) formula-
tions derived from mouse brains. The Kelkit06 CCHF
virus strain was cultivated in neonatal mice and Vero
E6 cells for this investigation and subsequently isolated
using a sucrose gradient. Various concentrations of for-
malin-inactivated vaccine candidates were formulated
and combined with an alum adjuvant: low dose (LD),
5 pg; medium dose (MD), 10 ug; and high dose (HD),
20 pg. Three times every three weeks, identical doses of
the vaccine formulations were administered to BALB/c
rodents. The humoral endpoint IgG responses to the
CCVax and MBVax treatments were compared and eval-
uated. Up to a year after vaccination, the duration of IgG
and neutralizing Ab titers was assessed and compared.
The humoral IgG responses showed that the MBVax and
CCVax candidates, which were more robustly elicited
in all CCVax groups than in MBVax animals, improved
the IgG endpoint titers dose-dependent manner. Fol-
lowing the second week of the most recent vaccination,
it was discovered that the CCVax groups had greater
fold increases in neutralizing Ab levels, ranging from 2
to 7.6-fold. In both vaccine-receiving groups, the neu-
tralization titers peaked four months after vaccination;
nevertheless, by the end of the first year, they remained
similar. All of the recorded time points showed increased
IgG and neutralizing Ab titers due to the CCVax for-
mulations. Researchers demonstrated that, compared
to mouse-brain-derived vaccinations, dose-dependent
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administration of cell-culture-purified and formalin-
inactivated vaccine candidates produced robust protec-
tion in vaccinated mice [39].

Bulgaria employs a vaccine derived from the inacti-
vated brain of a neonatal rodent to protect CCHE. At this
time, strain V42/81 is being utilized to prepare the vac-
cine. Given its significant contribution to the immune
response, the complete M-segment sequence of the
V42/81 strain was deduced. Significant genetic diversity
was identified within the CCHFV subtypes. To obtain
a better understanding of the strain’s topology in the
CCHEV phylogenetic trees, additional sequencing and
analysis were performed on the complete S and frag-
mentary L segments [213]. To disrupt IFN-I signaling
in immunologically intact, wild-type mice after CCHFV
infection, mAb-5A3 was delivered in this work using
the transiently immune-suppressed (IS) animal para-
digm. Investigators aimed to evaluate the immunological
response and efficacy of inactivated vaccines produced
from mouse brain and cell culture against CCHFV. While
both vaccine formulations have shown complete pro-
tection, the vaccination generated from cell culture has
proven more effective in inducing T-cell responses and
Ab specific to CCFHV. This work is the first assessment
of the immunological response and efficacy of vaccines
produced from mouse brain and cell culture in the IS
mouse CCHFV model [214].

Researchers offer the initial comprehensive examina-
tion of the cellular and humoral immune reactions in
healthy individuals after receiving the inactivated Bulgar-
ian vaccine, which is presently the sole CCHFV vaccine
accessible. Vaccinated individuals exhibited a signifi-
cant increase in anti-CCHFV-specific T-cell activity, as
determined by the IFN-y ELISpot assay. The incidence of
T-cells secreting IFN-y was sensibly greater in individuals
who received four doses of vaccination than those who
received a single dose. After the initial dose, significant
quantities of CCHFV Abs were detected; however, it took
multiple doses to induce Ab with neutralizing activity
against CCHFV. The neutralizing activity, however, was
minimal in these groups. The Bulgarian vaccine elicits a
T-cell response specific to anti-CCHFV. Ab produced in
response to this vaccine by immunized individuals has
minimal neutralizing activities. Diverse vaccine dosages
elicit notably specific immune responses directed against
CCHEV [215].

Multiepitope Vaccine against CCHF

Using a computer-aided vaccine design methodology,
Nosrati et al. created the first multi-epitope recombinant
vaccine for CCHF in this study. To accomplish this, lin-
ear epitopes for B-cell and T-cell binding were predicted
from two structural GPs of the CCHF virus, namely Gc
and Gn. The antigenicity, allergenicity, hydrophobicity,
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stability, toxicity, and population coverage of the epit-
opes were investigated further. In evaluating seven epit-
opes in total, five of which were T-cell and two of which
were B-cell, were considered for inclusion in the final
vaccine construct. The final vaccine construct consisted
of 382 amino acid residues, systematically arranged into
four domains. These domains contained adjuvants such
as heat-labile enterotoxin IIc B subunit (LT-IIc) and lin-
ear B-cell and T-cell epitopes. The segments were all
connected utilizing suitable linkers. An assessment was
conducted on the physicochemical properties and IFN-
y-inducing epitope content of the proposed vaccine to
ascertain its solubility, stability, and capacity to elicit
cell-mediated immune responses. Molecular docking
experiments involving MHC-I and II molecules and the
prediction of computational B-cell epitopes were per-
formed on the three-dimensional structure of the pro-
posed vaccine. In addition, molecular dynamics (MD)
simulations were conducted to examine the stability
of vaccine-MHC complexes throughout the stimula-
tion period. The findings indicate that the vaccine we
put forth exhibited stability, high solubility in water, and
potential antigenicity. Furthermore, the vaccine induced
both humoral and cell-mediated immune responses, sug-
gesting that it may function as a promising candidate for
an anti-CCHEF vaccine [216].

The glycoprotein, NP, and RNA-dependent RNA poly-
merase of CCHF were used to identify the most crucial T-
and B-cell epitopes for immune response. Following that,
a comprehensive computational vaccinology method was
used to develop a vaccine candidate consisting of many
epitopes targeting the virus. A multiepitope vaccine was
developed after thorough evaluation, exhibiting anti-
genicity, immunogenicity, and non-allergenicity while
possessing the necessary physicochemical characteris-
tics. The vaccine-receptor combination exhibits robust
stability in MD simulations, indicating the resilience of
the vaccine candidates against the specific immunologi-
cal receptor they target. Furthermore, the immunologi-
cal simulation of the vaccine candidates revealed that the
vaccine has the potential to induce immune responses in
people that closely resemble those seen in real-life situ-
ations. In conclusion, researchers determined that the
developed multiepitope vaccine candidates will provide
exceptional preventive characteristics against CCHF
[217].

Five B-cells and two each of the MHC-II (HTL) and
MHC-1 (CTL) epitopes were selected from the two
structural GP (Gc and Gn in the M segment) of CCHFV,
which also includes an N-terminus EAAAK sequence
and human B-defensin as an adjuvant. An exhaustive
examination was conducted on the antigenicity, aller-
genicity, IFN gamma induction, anti-inflammatory
responses, stability, and toxicity of the epitopes. The
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MD simulation was employed to ascertain the bind-
ing complexes’ potency by connecting the vaccine with
TLR-3, TLR-8, and TLR-9 receptors and predicting its
three-dimensional structure. The subunit vaccine con-
struct was generated using the pDual-GC plasmid after
codon adaptation. Currently, this structure offers popu-
lation coverage encompassing 98.47% of the worldwide
populace (combined HLA-I and II). The immune simula-
tion experiments were carried out utilizing the in-silico
interface C-ImmSim. The findings revealed a substantial
upregulation in the production of IL-2, TGF-f, IL-10, and
IL-12, as well as cellular and humoral reactions (specifi-
cally B-cell and T-cell). The researchers indicated that the
suggested vaccine can elicit humoral and cell-mediated
immune responses. Therefore, it emerges as an innova-
tive and captivating contender for a vaccine targeting
CCHFV [5] (Table 4).

CCHFV Vaccination Limitations and Advantages
Historically, animal models for CCHFV have been con-
strained by the absence of appropriate animal hosts.
Prior to identifying CCHFV animal models, efforts to
develop a vaccine against CCHF were limited, and effi-
cacy studies were unattainable. In recent years, however,
scientists have created animal models that replicate the
disease in humans with greater precision, offering a more
precise depiction of the virus. In addition, recent devel-
opments in biochemical and molecular techniques have
made it possible for scientists to develop CCHFV vaccine
candidates using a variety of vaccine platforms. Preclini-
cal investigations into vaccines for diverse platforms have
yielded encouraging outcomes. However, the genetic
variability of CCHFV complicates the development of a
vaccine capable of conferring broad protection against all
virus strains. In addition, most CCHF vaccine research
has utilized the prototype IbAr10200 CCHEFV strain,
which was isolated from ticks and whose virulence in
humans is unknown. Heterologous challenge studies are
necessary to develop more dependable vaccines that offer
comprehensive protection against various strains of the
CCHEYV to address these challenges. Despite promising
preclinical investigations, the efficacy of these vaccines in
human trials is yet to be determined; thus, the applicabil-
ity of these findings in human clinical trials is uncertain
[40].

Notwithstanding the genetic heterogeneity observed in
the M segment of CCHFV, neutralizing epitopes exhib-
ited conservation across all examined strains. Conse-
quently, vaccines containing a standard M segment GPC
have the potential to protect against various virus strains
without requiring additional insert antigen modification.
Immunoinformatics and in silico molecular interaction
have also been applied to predict epitopes on the RNA-
dependent RNA polymerase encoding the L segment
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Table 4 Several CCHFV vaccine strategies. The CCHFV vaccination strategies are included in this table according to the platform
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technology that was used to generate them: mRNA vaccines, virus-like vaccines, inactivated pathogen vaccines, replication-defective
viral vector vaccines, protein subunit vaccines, and multi-epitope recombinant vaccines. CCHFV would be protected by creating a
vaccine to stop infection in at-risk human populations.

Vaccine Name Vaccine Results Ref.
platform
vaccine-MHC ~ Multi-epitope  The vaccine we put forth exhibited stability, high solubility in water, and potential antigenicity. Furthermore,
recombinant  the vaccine-induced both humoral and cell-mediated immune responses, suggesting that it may function as [216]
vaccine a promising candidate for an anti-CCHF vaccine.
Bulgarian Inactivated The Bulgarian vaccine elicits a T-cell response specific to anti-CCHFV. Antibodies produced in response to
vaccine vaccines this vaccine by immunized individuals have minimal neutralizing activities. [217]
CCVax and Inactivated The humoral IgG responses showed that the MBVax and CCVax candidates, which were more robustly elic- [39]
MBVax vaccines vaccines ited in all CCVax groups than in MBVax animals, improved the IgG endpoint titers dose-dependent manner.
Experimental Recombinant  The vector was well tolerated and exhibited complete efficacy when tested against a clinical strain of CCHFV.
vaccines vesicular Titers of neutralizing antibodies and anti-CCHFV-GP IgG were detected in surviving animals. [207]
stomatitis
viruses (rVSV)
vaccine
CCHF VRPs vaccine The administration of VRPs, which resemble the composition and structure of genuine CCHFV, could
vaccine comprised of  potentially elicit a more pronounced establishment of CCHFV immunity compared to existing experimental ~ [206]
CCHF virus- vaccine alternatives.
like replicon
particles (VRP)
ChAdOx2 CCHF  Chimpanzee  The administration of the adenoviral vaccine in combination with the Modified Vaccinia Ankara vaccine
vaccine adenoviral (MVA CCHF) induces the highest levels of cell-mediated and antibody responses specific to CCHFV in mice. ~ [205]
vectored
vaccine
Ad-based Based on Findings on the limited protective effectiveness of an Ad-based vaccine vector carrying the CCHFV N (Ad-N)
vaccine human ad- against a lethal challenge of CCHFV in a mouse model that is immunocompromised and highly susceptible.  [192]
enovirus type
5 (Ad) vaccine
MVA-NP Attenuated When challenged with the CCHF virus, the MVA-NP vaccine candidate showed antigen-specific immunoge-
vaccine poxvirus vec-  nicity in mice but no protective benefits. This indicates that vaccinations against the CCHF virus must show  [204]
tor vaccine protection in a fatal dosage scenario before protective effectiveness can be demonstrated since there are no
immunological correlates of protection.
CCHF_GN728  mRNA-based  Optimized codons guaranteed the mRNA was expressed efficiently in the host cell. The vaccination demon-
vaccine multi-epitope  strated consistent and robust interactions with the Toll-like receptors. The researchers'results indicate that [203]
vaccine the CCHF_GN728 vaccine will elicit targeted immune responses against the CCHFV virus.
CCHFV-MAfg09 DNA vaccine  Demonstrates that the protective effectiveness of the M-segment-based DNA vaccine against CCHFV
vaccine depends on the CD8 +T-cell response. Since antigenic strategies to target CD8+T cells differ from a global [197]
immune system strategy, the insights garnered from these studies could be utilized to enhance the design
of the GPC component of CCHFV vaccines.
mRNA vaccine  Nucleicacid  The results of the immunological tests, such as intracellular IFN-gamma staining, in-house sandwich ELISA,
vaccines IL-4 and IFN-gamma ELISPOT, and survival data, amply demonstrated that their construct induced the pro- [202]
duction of immune responses directed against the nucleocapsid (N) in both mouse models.
CCHFV mRNA-  Nucleicacid  Research findings indicate that the use of viral nucleotides or GP in a CCHFV mRNA-LNP vaccine provides
LNP vaccine vaccines protection against illness caused by CCHFV. Therefore, genetic immunization emerges as a persuasive ap- [201]
proach to prevent illnesses induced by CCHFV.
DNA-based Nucleicacid ~ Show that in cynomolgus macaques, plasmid-expressed CCHFV NP and GPC antigens mainly stimulate
vaccine vaccines humoral and cellular immunity, respectively. Their results indicate that a two-dose vaccination strategy with ~ [196]
plasmids expressing the NP and GPC offers significant protection against CCHFV infection.
DNA-based Nucleicacid ~ The vaccine was composed of two plasmids, each encoding the NP and GPC of CCHFV. They observed ro-
vaccine vaccines bust T-cell and antibody responses in animals that had received three vaccinations. The NP+ GPC vaccinated  [195]
animals were considerably more resistant to CCHF-induced disease, viremia, and high tissue viral burdens
than the sham-vaccinated animals.
CCHFV- Nucleicacid ~ Document full immunity against the CCHFV-Afg09-2990 challenge after administering a CCHFV- [10]
Afg09-2990 M- vaccines Afg09-2990 M-segment DNA vaccine. In conclusion, Suschak et al. demonstrate that GP38, a non-structural
segment DNA M-segment protein, exerts an impact on the immunogenicity of the CCHF vaccine and confers substantial
vaccine protection against homologous CCHFV challenge.
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Table 4 (continued)
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Vaccine Name Vaccine Results Ref.
platform

Replicating Nucleic acid Rhesus macaques immunized with RNAs encoding the CCHFV NP and GPC exhibited considerable protec-

RNA vaccine vaccines tion against the CCHFV challenge and developed robust non-neutralizing humoral immunity against the [194]

CCHFV NP.

pDual-GC plas-  Multiepitope  The C-ImmSim in-silico interface was used to conduct the immunological simulation studies. The results [5]

mid subunit vaccine showed a significant increase of humoral and cellular responses, as well as the production of IL-2, TGF-3,

vaccine IL-10, and IL-12 (particularly B-cell and T-cell). The proposed vaccination may induce humoral and cell-medi-

ated immune responses, according to the researchers.

and the CCHFV NP. Protection has been demonstrated
in preclinical studies with vaccines containing CCHFV
NP, GPC, or only GP Gn and Gg, indicating that CCHFYV,
includes a vast array of protective epitopes. Without
immunoinformatic studies, however, the identification
of specific protective epitopes within these antigens is
challenging. Although creating an epitopic vaccine may
offer regulated and effective immune responses, thereby
mitigating the adverse effects of live vaccination, it is not
without its drawbacks: extreme HLA polymorphism fur-
ther complicates the consideration of epitope binding
with HLA. Furthermore, although many of the character-
ized potential epitopes pertain to neutralization activity,
the crucial role played by the T cell immune system in
providing protection is frequently disregarded [218, 219].

Neutralizing Ab levels have not yet been linked to vac-
cine-mediated protection against CCHFV via a mecha-
nism that has been established. It is worth noting that
vaccines based on mRNA and DNA have demonstrated
substantial protection in rodents or NHPs, as they do not
produce detectable quantities of neutralizing Ab after
vaccination. A lethal dose challenge study revealed that
vaccines composed of subunits and VLPs were ineffective
in protecting rodents, notwithstanding the induction of
substantial quantities of neutralizing Ab. The data men-
tioned above indicate that while humoral immunity is
significant, neutralizing Ab does not serve as a prerequi-
site or sufficient to provide vaccine-mediated protection
against CCHFV [220-222].

Unlike the worldwide effect of SARS-CoV-2, research
endeavors aimed at creating a vaccine for CCHFV are
mainly concentrated on specific regions due to the belief
that this virus mainly affects the Middle East, as well as
some nations in Asia and Africa. While the virus was
first discovered in the 1940s, its recognition as a haz-
ardous infectious illness capable of causing a significant
epidemic only occurred in 2015. This feature adds to the
virus’s persistent novelty and lack of attention within
the scientific community. Moreover, the predominant
body of research on CCHEFV is carried out by research
teams associated with institutions located in locations
where the virus is widespread or as part of research ini-
tiatives like the Horizon project of the European Union,
which limits worldwide participation. Although the

virus is currently limited to a specific geographic area,
it is crucial to establish and maintain long-term, collab-
orative studies involving multiple institutions and disci-
plines. These studies should integrate immunoinformatic
tools with in vivo and in vitro research to investigate the
virus’s molecular structure, pathophysiology, immuno-
logical properties, and other related aspects. The afore-
mentioned situations and characteristics contribute
to the limitations associated with producing vaccines
for CCHFV and provide possible directions for future
research in this field [233, 223].

Future and Landscape

The WHO has designated CCHF as a high-priority
pathogen because of its significant fatality rate. This study
was carried out in the county that exhibited the high-
est incidence of CCHF cases, the province that encom-
passed the largest high-risk area for its occurrence, and
the country that maintains the highest incidence of
CCHEF globally. While prior research has examined the
KAP of healthcare personnel and butchers in Iran, this
is the first study to explore the KAP of Iranian livestock
producers residing in a community with a high CCHF
burden. The present study revealed that the mean scores
for overall knowledge and behavior were deemed unac-
ceptable. A One-Health approach, which includes bio-
surveillance of humans, animals, and parasites, is crucial
in this circumstance to effectively monitor and prevent
human outbreaks [57]. WHO places CCHFV in WHO
Risk Group IV, which means that any research involving
infectious viruses is advised to utilize maximal biocon-
tainment facilities. Due to the lack of effective prophy-
lactic or therapeutic regimens, CCHFV is categorized as
a Select Agent, a Risk Group 4 Pathogen, and an NIAID
Category C Priority Pathogen in the United States. Funds
for investigating CCHFV have been made available to
researchers due to its Priority Pathogen classification;
however, access to the pathogen has been restricted due
to the Biosafety Level 4 working condition requirement.
The CCHFV is regarded as a possible biological weapon.
Furthermore, the lack of appropriate animal models and
the WHO Risk Group IV classification of CCHFV has
impeded the development of new preventative and thera-
peutic measures. Although ribavirin has demonstrated
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activity against CCHFV in vitro, clinical studies have yet
to establish its efficacy as a treatment for humans defini-
tively. CCHF-immunoglobulin is also utilized; however,
its efficacy remains unsubstantiated [36]. The worldwide
appearance and reappearance of CCHF underscore the
necessity for additional foundational efforts to regulate
the pathogen, which presents significant risks to the
well-being of both humans and animals. Developing
countermeasures, treatment options, and immunocom-
petent CCHF disease models must be the primary focus
of future research. Furthermore, apart from the absence
of research, the data unveiled a significant knowledge
deficit about the implementation of personal protective
measures. Hence, it is imperative to commence educa-
tional initiatives targeting individuals involved in hazard-
ous occupations, including abattoir workers, agricultural
laborers, veterinarians, and herdsmen [1].

The identification of a virus is determined by its
detection and separation. Molecular and serological
approaches may be used to identify the virus in the early
stages of infection. One of the procedures used is RT-
PCR, a molecular method capable of identifying several
genetic lineages of CCHFYV, both local and non-local.
ELISA and IFA are serological techniques used to identify
IgM and IgG Ab generated as a result of an infection. Ab
may be determined five days after infection. Viruses may
be obtained from the bloodstream when there is a large
concentration of viruses in the pre-hemorrhagic phase.
The isolation of CCHFV involves using certain cell lines,
including BHK-21, LLC-MK2, Vero, SW-13, CER, Huh7,
and HepG2. CCHFYV is an infectious illness. Hence, the
identification and segregation of the virus must be con-
ducted inside a biosafety level 4 (BSL-4) containment
laboratory by trained professionals to avoid any untow-
ard incidents [224]. In regions afflicted with CCHF where
PCR and serological assays are delayed, early detection
may depend critically on the knowledge of predictive
parameters [225].

When VHF of unknown etiology is introduced, it is
anticipated that the multiplex virus test method devised
in this study will be utilized for quarantine and pub-
lic health [226]. . Research has successfully developed a
multiplex test to detect Ab against many CCHFV anti-
gens in a single sample, regardless of the ruminant spe-
cies. This test has significant potential in surveillance
studies, enabling effective monitoring of the dissemi-
nation of CCHFV and proactive prevention of further
outbreaks. Additionally, it offers valuable insights into
the immunological response elicited by CCHFV [227].
Rapid and simultaneous detection of multiple targets, as
opposed to a single target, would therefore significantly
improve medical diagnoses. In addition, it is anticipated
that implementing artificial intelligence (AI) will enhance
diagnostic efficacy. As a result, mass detection, prompt
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diagnosis, and physical interventions such as social dis-
tancing continue to be essential in preventing the spread
of the virus. Therefore, the continuous development of
rapid, robust, specific, and highly sensitive point-of-care
diagnostic assays remains imperative. Given the criteria
mentioned above, the purpose of this review is to present
a comprehensive outline of the current diagnostic meth-
odologies employed in the context of CCHFV infection,
with a particular emphasis on their ramifications for pub-
lic health and emergency response. The gold standard for
conventional CCFHV diagnosis is the utilization of RT-
PCR for nucleic acid detection. RNA extraction is a labo-
rious process that necessitates the presence of qualified
technicians and costly laboratory facilities. The extraction
process itself can take up to four hours. While RT-PCR is
the principal method used to combat the outbreak, alter-
native serological diagnostic techniques are also avail-
able to supplement it. Cross-reactivity and the possibility
of erroneous positive results are, however, substantial
causes for concern. In light of the ongoing transmission
of the disease, there is an urgent need for more cost-
effective point-of-care instruments. Implementing bio-
sensors and microfluidics technology has significantly
accelerated the development of health monitoring sys-
tems by enabling rapid detection methods. Microfluidic
technology allows the incorporation of intricate analyti-
cal procedures into minute volumes, including but not
limited to temperature regulation, sampling, combin-
ing, separation, enrichment, and cleansing [228-230].
Regarding the early detection of CCHFV infection, novel
diagnostic approaches based on biosensors and nano
biosensors have received scant consideration. Although
knowledge and research gained from other virus investi-
gations, such as COVID-19, can be applied to detecting
CCHFV biomarkers using nanoparticles.

The mainstay of treatment for CCHF consists of sup-
portive measures. Optimal care should encompass vigi-
lant monitoring of fluid equilibrium and rectification of
electrolyte imbalances, provision of oxygenation and
hemodynamic support, and suitable management of sec-
ondary infections. In vitro, the virus exhibits susceptibil-
ity to the antiviral medication ribavirin [231]. The recent
use of mesenchymal stem cells (MSCs) to treat acute
respiratory distress in a subgroup of COVID-19 patients
has generated prospective benefits for using MSCs as
a supportive therapy for this viral pathogen in elderly
patients with severe pneumonia and patients with acute
conditions. The therapeutic effectiveness and safety of
exosomes (EXOs) in transporting various cellular bio-
logical components to the recipient cell have garnered
considerable interest due to their capacity to transport
miRNAs. MSCs can produce a diverse array of EXOs
(MSC-EXOs), indicating that they may be clinically via-
ble alternatives to other cell origins for EXO generation.
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MSC-EXOs have been the subject of extensive research
due to their tumor-homing capabilities, adaptability, and
immune attributes. Additionally, several initial findings
that validate the potential of MSCs as a viable therapeu-
tic option for controlling this infection were delineated.
The application of MSCs to treat COVID-19-associated
ARDS is highly experimental. Patients with severe pneu-
monia caused by COVID-19 who received MSC infu-
sions reported an improvement in respiratory function
from the protection of epithelial and endothelial cells
and an unidentified modulation of hypercytokinemia.
Profound preclinical efficacy data, favorable clinical trial
outcomes involving MSCs in patients with COVID-19,
and the established safety profile of MSCs collectively
demonstrate their therapeutic potential for SARS-CoV-2
patients presenting with severe manifestations and
hyper-inflammatory conditions [151, 232, 233]. Further-
more, novel therapeutic approaches, including stem cell
therapy and its derivatives, have received negligible con-
sideration when it comes to the management of CCHFV
infection. However, we can utilize the knowledge and
research that has been conducted on other viruses to aid
in treating this illness.

Significant advancements are now being achieved in
developing a vaccine for CCHFYV, facilitated by the exis-
tence of a very effective animal model for studying the
deadly virus. The emergence of the EBOV in West Africa
in 2014 has drawn significant focus to VHFs. As various
vaccines for filoviruses are currently being developed,
it is anticipated that attention will shift toward other
pathogens that cause VHFs, such as CCHFV. The newly
released WHO R&D Blue Print emphasizes the respon-
sibility of international governments and non-profit
entities to finance the development and accumulation
of novel vaccines for emerging high-consequence infec-
tions. The Coalition of Epidemic Preparedness Inno-
vations (CEPI) was founded to invest and advance the
development of novel vaccines for emerging diseases. It
received an initial financing of $500 M from the World
Economic Forum and several foreign governments. The
UK Government is actively financing the development
of a protective vaccination based on the MVA viral vec-
tor backdrop. Human clinical trials for this vaccine will
commence in late 2017. To be deemed safe and readily
accessible for emergency immunizations, CCHF vac-
cines must undergo early human clinical studies. Recent
breakthroughs in this sector provide optimism that,
in the future, CCHFV may be effectively managed in
regions where it is prevalent and during epidemic situa-
tions [233]. In addition, numerous vaccine studies have
been conducted in recent years; however, safety con-
cerns, high toxicity, and inadequate protection against
strain sequence variability have resulted in the absence
of licensed vaccines against CCHFV infection. The
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application of computational immunology and vaccine
informatics methodologies to develop a multi-epitope
vaccine devoid of undesirable, toxic, and allergic peptide
fragments is becoming more prevalent. It is now rou-
tinely employed before experimental vaccinology. These
methodologies are effectively implemented against vari-
ous infectious, viral, and bacterial pathogens. Immunoin-
formatics’ primary aim is to identify antigenic, safe, and
immunodominant epitopes that elicit robust and risk-
free immune responses against the pathogen and satisfy
all criteria for vaccine candidacy. Because CCHFV is
linked to substantially increased morbidity and mortality
globally, computational studies are required to develop
a fictitious vaccine construct that can be readily evalu-
ated in subsequent experiments for protection against
CCHFV [234].

Conclusion

Early detection of CCHFYV is essential for good patient
management and the avoidance of possible transfer to
care workers caring for the patient. CCHFV diagno-
sis is essentially difficult, whether in clinical check or
laboratory evaluation, owing to the unique features of
each collection of signs, which may or may not be pres-
ent, the likenesses among one or more signs, and the
phylogenetic cross-reaction in serological trials that
frequently occurs, particularly in endemic areas. Most
arbovirus diagnostic tests have a high level of specific-
ity, which is crucial in the differential diagnosis of these
rapidly spreading viruses. Many approaches and tactics
have been offered to improve and differentiate these
viruses, including from standard molecular diagnos-
tic assays, which are backed by the excellent reliability
of rt-PCR, nested RT-PCR, and RT-PCR machines,
to POC immunochromatographic tests and new bio-
sensors. Lastly, molecular identification is only feasible
in the severe stage of the disease, which lasts just a few
days after infection. Serological assays, on the other
hand, frequently fail to distinguish Ab from viruses
of the identical genus, especially IgG. Given the sig-
nificant pathogenicity of CCHFV and the substantial
risk of human-to-human transmission, it is crucial to
devise innovative detection techniques that are as fol-
lows: rapid, dependable, easily obtainable, cost-effective,
secure, and highly sensitive diagnostic instruments.
Nevertheless, further investigation is warranted in
this domain. In addition, it is necessary to educate the
general public, healthcare professionals, and cultiva-
tors regarding the causes, transmission, and dangers
of CCHFV. Developing a surveillance system, standard
preventative measures, early detection, appropriate
treatment, and rapid response necessitates an imme-
diate course of action. Without such a strategy, the
buildup of components accountable for the unforeseen
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proliferation of CCHFV could pose a significant threat
to human life throughout the nation.

At now, supportive therapy is the primary method
of treatment. Ribavirin, a medicine that can combat a
wide range of viruses, has been given to individuals with
CCHE. However, the effectiveness of this treatment is yet
uncertain. Additional treatment options in case stud-
ies include corticosteroids, convalescent serum, and tar-
geted immunoglobulin. However, there is currently little
information to evaluate the efficacy of these medications.
Furthermore, researchers have assessed prospective sub-
stances that might hinder the activity of bunyaviruses
for many years. Some of these substances have shown
promising effectiveness in combating CCHFV infection.
Due to several impediments to advancement, CCHF will
continue to pose a substantial risk to public health in the
foreseeable future. Nevertheless, to progress a promis-
ing candidate for therapeutic use, it will be imperative
to conduct investigations in bigger animal models that
accurately replicate human ailments. Although exist-
ing medicines for CCHFV have been evaluated using
restricted animal models and clinical trials, future efforts
should prioritize the development of more suitable ani-
mal models for pre-clinical studies on medications.

Parallel to the development of novel molecular biology
techniques and the establishment of minuscule animal
models susceptible to CCHFV, our comprehension of the
structure and function of CCHFV viral proteins contin-
ues to progress. Ongoing research is being conducted to
investigate the mechanisms of illness and host selection
of CCHFV. In particular, an enhanced comprehension of
the correlation between the protective efficacy of CCHFV
vaccines and the quantities of neutralizing Ab detected
in laboratory assays could provide valuable insights for
advancing innovative vaccine design methodologies that
potentially stimulate more robust immune responses.
Additional research across multiple disciplines—includ-
ing molecular biology, virology, veterinary medicine,
bioinformatics, and protein engineering—is required to
address these developments. Vaccines developed using
conventional methods show improved effectiveness when
evaluated on the immune systems of model species.
However, they do not achieve the desired outcomes when
given to people due to the complex nature of the human
immune system. Therefore, by using reliable reverse vac-
cinology, vaccine informatics, and biophysics techniques,
this scientific study produced a vaccine candidate that
is not only safe but also highly productive, targeted, and
durable against CCHFV. Given the poor understanding
of early identification, treatment, and prevention, future
research must focus on developing therapies to mitigate
the increasing risk of CCHE. Several gaps in understand-
ing have been discovered regarding the molecular basis
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and treatment of CCHFV infection. Therefore, future
research should prioritize these areas.
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