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Abstract
The present review was performed to identify the importance of ticks in the transmission of the Crimean Congo
Hemorrhagic Fever (CCHF) to new regions with no previous records of the CCHF virus (CCHFV) presence.
One of the critical methods for such transmission is the movement of migrating birds that carry the infected
ticks. Tick immune system and salivary glands can be the most important barriers for the entry of the virus,
which when is overcome, the viral replication can occur in many sites of the tick body, especially the
reproductive system. The current review shares important information regarding the critical situation of the
escalating transmission of the CCHF, especially of ticks and ticks via migrating birds, which may introduce the
disease to new virus-free regions.
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Introduction
CCHF is the planet 's highest common tick-borne viral illness in different continents, such as
Asia, some regions in Europe, and Africa, and the following largest widespread hemorrhagic
fever after dengue among tick-borne diseases (1). There is a wide range in the severity of the
infection's clinical manifestations, ranging from asymptomatic to severe and even deadly
instances (2). According to certain research, asymptomatic illnesses may account for up to
90% of cases in high-risk locations. It is possible to contract CCHF from infected animals
when blood and body fluid based contact occurred from slaughtered animals, abortion, etc., or
form tick bites. Nosocomial infections are often documented in the hygienic setting,
particularly those associated to aerosol formation (3–5).
It appears that exposure to infected bodily fluids does not raise the risk of CCHF as much as
contact to other hemorrhagic viruses like Ebola in the healthcare settings. Nosocomial
dissemination may occur when the illness is not suspected or the appropriate preventative
procedures are not followed. Pregnancy-related nosocomial dissemination of CCHF is
prevalent (6). CCHF distribution may also be acquired via the bloodstream and by sexual
contact (7,8). Accidental occurrences of virus contamination in the laboratory have also been
reported. CCHF virus (CCHFV) is an enveloped virus with segmented negative-sense based
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single-stranded (ss) RNA Arbovirus. Based on the most current categorization of viral
genomic and metagenomic comparative research breakthroughs, CCHFV falls in the genus;
Orthonairovirus (family: Nairoviridae, order: Bunyavirales) under the domain Riboviria.
Three nuclear segments contains S; small, M; medium, and L; large, which code for the
nucleoprotein (NP), glycoprotein precursor (GPC), that results in the structural glycoproteins
(GN and GC) and RNA-dependent RNA polymerase, respectively (9–14).
CCHFV has greater varieties in the genetic materials than viruses transmitted by tick vectors,
which indicates a large geographic distribution of the pathogenic agent. In the past several
years, new viral categories have emerged as more comprehensive genomic sequences of
CCHFV have been accessible (12). Formerly divided by geographic region into six major
groups, the most recent genomic investigation of the S-RNA segment's whole sequence and
its geographic origins have led to up to nine genetically distinct groups being postulated for
CCHFV. The illness solely impacts human beings, while CCHFV exists in the wild animalcattle-bird-tick cycle. There are three ways in which hard ticks spread the virus among other
ticks in the natural world: transovarial, transstadial, and venereal (15).
Epidemiology and migrating-bird based transportation of ticks
Viruses have been found in at least 32 hard and Three soft species members, but only
Hyalomma ticks were declared as vectors, and the highest successful carrier appears to be
Hyalomma marginatum (broadly prevalent in the Mediterranean region). As it turns out, the
areas where Hyalomma ticks are most common and where CCHF patients are most prevalent
correlate. For the CCHFV, Rhipicephalus bursa appears to also be an important factor.
According to Dermacentor marginatus, CCHFV has been found in its eggs; however, no
investigations have been done to determine whether D. marginatus can transmit or maintain
the virus. In certain tick species, CCHFV infection is more or less common (16).
The rate of CCHF occurrence has increased in recent years. In addition, the fatality rate of
CCHF is very varied across outbreaks and in various geographic regions. Because mild or
nonspecific infections may go unrecognized, epidemiological statistics may reduce the total
prevalence of CCHF (17,18).
Variables such as host biology, tick circulation, and environmental variables all have a role in
the virus's transmission. Particularly by changing critical routes of tick-life cycle and
influencing the existence and spread of the vectors and vertebrate hosts, such as interacting
with bird migration, climatic variations may impact CCHF occurrence (19,20). A rise in the
number of CCHF cases has been seen over the last decade, and this has been accompanied by
an unprecedented synchronization among nations with comparable geographies and
environments. European health authorities have thus called for new research to be carried out
in countries where the virus is now assumed to be absent in order to identify and restrict
probable CCHFV importation pathways. The juvenile stage of Hyalomma marginatum's life
cycle is triggered by the increase in temperature that occurs in the spring, and it lasts until the
end of the summer. Hyalomma spp. are better able to survive in drier environments than many
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other tick species; yet, winter and cold temperatures restrict the growth of tick populations.
CCHF's incidence follows a seasonal pattern, like that of other tick-borne infections. CCHFVbringing ticks may spread to new locations because to alterations in animal allocation and
natural biogeographical shifts (20–22).
A study of productive hotspots on the Crimean regions found that the viral agent is able to
thrive in vertebrate hosts, including birds, ungulates, hedgehogs, and species of birds.
Immature Hyalomma ticks, especially those that feed on rodents and rabbits, are the most
effective hosts for CCHFV survival and dissemination in nature, according to a set of system
studies performed by Spengler and Estrada-Pea on 133 tick species (23). CCHF
seroprevalence in people and animals was evaluated and determined by Nasirian et al.
(18,23,24) in 2019 using a meta-analysis technique. Immature ticks have probability to be
transported by the movement of migrating birds and transmit the disease along their paths. It
was proven in 2018 that migratory birds from endemic regions are possible vectors for
CCHFV establishment in Central Italy (25). Many areas have a high prevalence of CCHFV
infection, such as Middle East, Africa, some regions in Western and South CentraIncidents of
the CCHF was revealed in Nigeria, Congo, Senegal, Tanzania, Iraq, Iran, Oman, the United
Arab Emirates, Saudi Arabia, Bulgaria, Russia, Albania, Greece, Turkey, and Spain (26).
Turkey revealed the greatest prevalence of CCHF patients (480 cases in the first six months of
2020) with a vectors identified as extensively widespread in Europe (27,28). August, 2016,
two instances were documented in Spain: the first sufferer, male (62 years old), was
presumably attacked by a vector insect while on some trips and died following in a hospital.
The other person was a hospital worker that was in a close contact with first case. There was
no prior trip record abroad of Spain previous to the beginning of the illness for any of the
above mentioned individuals. The tick vectors were found as related to H. lusitanicum
species, in the West of Spain, near to the borders of Portugal. It is obvious that these cases
from Spain would have been expected with sufficient investigations that dealt with the wild
animals, where a significant CCHFV burden was discovered. Furthermore, in the beginning
of August 2018, the local officials in the Northwest of Spain, announced another deadly
incidence of CCHF, verified by PCR (29–31).
Also, it is noted that nosocomial infection may happen in regions with no endemic
characteristics, if appropriate prophylaxis and controls are not performed. In the United
Kingdom, two instances were recorded in 2012 and 2014, and verified as incidents that came
from abroad (Afghanistan and Bulgaria). Earlier in 2004 and 2001, imported infections were
documented in France (Senegal) and in Germany (Afghanistan and Bulgaria), respectively.
Some other new imported incidence was observed in Greece in 2018: A Greek worker that
traveled to Bulgaria and came back to Greece with high temperature and a hemorrhagic
condition, who recalled that a tick was removed from his abdomen (32–34).
Whereas the migratory of birds spanning extremely wide ranges permitting the transmission
of the viral agent, Europe nations are in a condition of awareness for the risk of CCHFV
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importation of the virus-carrying ticks. The Mediterranean lines are at danger, because to the
continual temperature variations that might render the spot favorable for the infected
immature ticks (nymphs) of the species Hyalomma delivered by the long-distance-moving
birds to grow into mature ticks. To the alternative side, mature affected tick vectors might be
transmitted to Italy by animals; in reality, by meat products, which are brought from the East
of Europe to the regions of Italy (26). According to De Liberato and colleagues, the newest
strategy to determine if the virus is present in some countries, such as Italy, was built on tick
collection of birds coming from endemic regions as well as the surveillance of populations of
animals that may be infected with the virus, such as sheep (35). It is especially important to
observe the passage of migrating birds in the seaside districts of Latium and Tuscany due of
the existence of the carrier vectors. In reality, earlier was noticed that ticks and nymphs of H.
marginatum and H. rufipes were recognized among 41 migrating birds by the wildlife
investigations done in Italy (36).
Tick-borne transmission of CCHFV
CCHFV, among the major significant viruses transmitted by ticks, may be transferred to
humans by many pathways, including tick biting or destroying of blood-distended infected
tick vectors, or the exposure to the bodily fluids and infected or contaminated tissues of
viremic humans and animals, across cutaneous or mucosal means (37,38).
Medical researchers are particularly interested in ticks because of their role as vectors in the
transmission of several illnesses. The Argasidae (or "soft ticks") and the Ixodidae (or "hard
ticks"), the latter of which is implicated in CCHFV dissemination, have over 900 species for
both. When an Ixodid nymph or adult tick feeds on blood for both adult transformation and
reproductive performance, two hosts must be used to fulfill a cycle; of note. For the long
persistence of CCHFV, ticks play a key function as both vectors and reservoirs. Since ticks
feed on contaminated blood supplies from vertebrates, they act as a viral booster and storage,
even if they only cause a brief spike in viral levels. Larva-to-nymph-to-adult transmission is
demonstrated for some species that belong to the genera; Hyalomma, Rhipicephalus, and
Dermacentor, while the transovarial direction, is indicated by the virus existence in unfed
insects), and the horizontal transfer of the CCHFV was proven to occur during feeding on
infected blood (18,20,21,39).
Aside from insect sexual distribution, CCHFV can be transmitted when infected and noninfected ticks both feed on a single nonviremic human or animal; however, the particular
processes of CCHFV persistence remain mostly unknown. Due to the obvious high viral
survivability in unfed ticks and the eagerness with which Hyalomma ticks search out human
hosts, research has shown that these ticks are critical to human CCHFV infections. H.
marginatum, H. rufipes, H. anatolicum, H. truncatum, H. dromedarii, R. appendiculatus, R.
evertsi, and R. decoloratus were all shown to have the virus (26).
It is well accepted that CCHFV spreads by direct contact with contaminated bodily fluids
throughout the first 7–10 days of sickness in poor nations. Personal protection is regarded to
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be the most effective method of preventing the transmission of CCHFV nosocomial infection.
It is also necessary to examine CCHF as a work-related illness among farmworkers,
gardeners, slaughterhouse workers, veterinarians, and healthcare professionals in order to
strengthen management measures. Evidence shows that CCHF, like other arboviruses, may be
a sexually transmitted illness. As far as feasible maternal of transmission, whether intrauterine
or postnatal, has been recorded. While airborne transmission of the CCHFV virus has been
postulated to be a concern, particularly during aerosol-generating in clinical processes, more
research into the epidemiology of this is needed (40,41).
The life of CCHFV within the vector tick
Transovarial, transstadial, and venereal transmission are effective methods of CCHFV
infection. Ticks, especially those in the Hyalomma genus, are regarded the main carriers of
CCHFV, whereas other tick vector species may sustain the CCHFV-enzootic centers and flow
between the life cycle members, such as ticks and domestic and wild animals. The barriers
from the tick midgut and salivary glands must be bypassed in order for viral transmission to
occur. The capacity of transmitted infectious agents to avoid the tick's innate immune
response affects the vector tick's performance (42).
Tick-pathogen interactions are not well understood at the molecular aspect. There is a good
chance that CCHFV envelope glycoproteins will initially engage with the ticks' epithelial
cells. A class II viral fusion protein was found to be presented by the glycoprotein Gc in the
case of CCHFV. Because of their innate immune system and lack of adaptive immunity, ticks
are no different from other invertebrates in that they are dependent on the hemolymphatic
release of humoral substances and phagocytosis in order to fight disease. Ticks inherent
antiviral protective system, in which RNA interference (RNAi), was studied on the Hazara
nairovirus, which is used as a replacement CCHFV model for RNAi research. Simultaneous
administration of ribavirin and a small interfering RNA (siRNA) targeting the Hazara
nairovirus N protein mRNA suppressed viral multiplication (43,44).
The tick's midgut is where CCHFV first multiplies and then spreads to the bloodstream,
where it attacks a variety of organs, with the greatest virus titers seen in tissues that are
actively reproducing (such as the salivary glands and genital tissues). The minimal virus titer
required for ticks to get infected differs across different kinds of ticks. It is only blood feeding
that has a positive correlation with virus titer after intracoelomic CCHFV injection, and
neither the tick's gender nor its feeding condition (unfed or engorged) affects it. It's possible
that CCHFV replication is boosted by tick adherence and sucking blood from a vulnerable
host, which may decrease the stress on the tick while it's searching for its next host, but
improve its ability to transmit the virus once it's found one (45).
Following a single transstadial transmission, CCHFV mutations in ticks were exhibited to be
more numerous than in the host organisms, indicating that ticks have a higher level of viral
intra-host variety from tick vectors than vertebrates. This was confirmed by
a sequencing analysis and a CCHFV distribution scenario (46). Endosymbionts and multiple
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infections may be presented at the identical moment as CCHFV in a tick. Tick fitness,
pathogen infection, and transmission are all affected by the tick microbiome, according to
metagenomic research. Hyalomma spp. ticks have been shown to contain endosymbionts that
resemble those of Francisella (47). Ticks' physiological and immunological responses may be
affected by new pathogens or endosymbionts, although no research has looked at this. The
tick's lifespan, activity, and gene expression may be affected by viral infections. Pathogentick interactions may be better understood with the help of next-generation sequencing of
tick microbiome (48).
Conclusion
The current review shares important information regarding the critical situation of the
escalating transmission of the CCHF, especially of ticks and ticks via migrating birds, which
may introduce the disease to new virus-free regions.
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