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Abstract

Crimean-Congo Hemorrhagic Fever (CCHF), among the high-priority pathogens because of its high
case fatality rate and its potential for nosocomial outbreaks and the subsequent difficulties in treatment
and prevention. For the last four decades, the virus has repeatedly caused an endemic in many parts of
the world including Pakistan, Iran and India. Though this virus is responsible for relatively low
numbers of human casualties, it is up to 80% fatal in the clinically infected patients. The availability of
present diagnostic techniques is not enough for timely rescue of CCHF infected patients. The
progressive work for the development of new rapid specific and reliable diagnostic tests is the need of
time for the infected patient. At present Ribavirin drug is available to the clinicians as recommended
therapeutic intervention. The efforts to include the other drugs like favipiravir may also be continued
for its clinical efficacy and safety. Currently no safe and effective vaccine is available either for human
or animal use that can prevent this disease. The development of vaccines in line with the requirement of
Targeted Product Profile (TPP) as per the standards of Food and Drug Administration (FDA) is
essentially needed. We discuss the techniques used in the preparation of different vaccines concerning
their success and failures. In this review, we also discuss epidemiology, diagnosis, treatment and
prevention in the light of recent global advances.
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Introduction

Crimean Congo Hemorrhagic Fever is a potentially fatal tick-borne zoonotic disease
characterized by hemorrhage, with a fatality rate of between 50-80% ™. The CCHFV is the
leading causative agent of this lethal Crimean Congo Hemorrhagic Fever. Belonging to the
families of Bunyaviridae, and genus Nairovirus, this virus and is the one of the most
devastating tick-borne virus > 2, The tick is primary vector of this disease responsible for the
transmission of CCHFV, and it belongs to the genus Hyalomma. The pathogenicity factor of
CCHFV is unexplored due to the lack of suitable experimental animal models ™. The
environmental conditions in Pakistan are most favorable for propagation of these ticks
among domestic animals, this aggravates the chances of spread of the CCHFV infection [,
The CCHFV has spread to the extent that it is now found in Europe, Asia, Africa, the Middle
East, and the Indian subcontinent. As of now no specific medicine is available either for
human or animal use that can prevent this disease. Anti-viral drug Ribavirin has been
recommended and used to treat CCHF viremia, but due to several specific conditions of its
effectiveness, the general supportive care remains as the sole approach to treat a CCHF
victim [6.71,

History of Diagnostic tests developed for CCHF

Laboratory tests that are used to diagnose CCHF include antigen-capture enzyme-linked
immunosorbent assay (ELISA), real-time polymerase chain reaction (RT-PCR), virus
isolation attempts, and detection of antibody by ELISA (1gG and IgM). Laboratory diagnosis
of a patient with a clinical history compatible with CCHF can be made during the acute
phase of the disease by using the combination of detection of the viral antigen (ELISA
antigen capture), viral RNA sequence (RT-PCR) in the blood or in tissues collected from a
fatal case and virus isolation [& 13,

The polymerase chain reaction (PCR) and Real-Time PCR, as molecular method for
detecting the viral genome, has been successfully applied in the diagnosis. The use of direct
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and indirect enzyme-linked immunosorbent assay in ELISA
and solid-phase radioimmunoassay technique called SPRIA
are the latest on diagnostic list. This technique is becoming
increasingly important as a sensitive, rapid, reproducible
method for quantitation of viral antigen and antibodies
because of its low detection capabilities of virus detection. It
is useful for the detection of the low level of infecting virus
(2 log LD50) in short time of 5-6 hours. These methods
were reported more sensitive, specific, rapid, and
reproducible than that of the complement-fixation test,
immunofluorescence, hemagglutination, or radial diffusion
in the gel. The experimental design of ELISA and SPRIA
developed for CCHF may also be used with success for the
detection of the infection of other members of the
Bunyaviridae family 12 131,

Control and Therapeutics against CCHFV

The endeavor of controlling CCHF infection remained
unsuccessful in the ticks and animals. As the tick to animal
and animal to tick cycle usually goes unnoticed and the
infection in domestic animals usually prevails un-evidently.
Furthermore, the tick vectors are numerous and widespread,
so the use of chemicals for tick control with the intention to
eradicate and Kkill ticks is only manageable in well-
controlled livestock production facilities [} 151,

In the current worldwide situation, no approved therapeutic
intervention is available for CCHF with promising results
(81 Ribavirin, a broad anti-RNA virus inhibitor, has
demonstrated antiviral activity in the experiments carried
out on cell cultures M1, Also found effective in disease
control experiments onl INF knockout transgenic mouse
model [18. 19,

A clinical study conducted between 1999-2001 in Iran
demonstrated the case fatality rate was 11.6% (8 of 69
patients) in the group treated with oral ribavirin compared
with 58.3% (7 of 12 patients) in the untreated group, which
corresponded to 80% efficacy (P< 0.001) by Mardani et al..
201 This study provided the basis to the World Health
Organization for the recommendation for treating CCHF
patients with ribavirin 24,

In another study by Koksal | et al., no supportive effect
reported in clinical or laboratory parameters of CCHF
patients treated with ribavirin. It was also reported that
leukocyte levels took longer to return to normal, the longer
period of hospitalization was also reported as a negative
effect. Because of these reasons, it is was concluded that the
use of ribavirin makes no significant contribution to the
prognosis of the CCHF [?2],

The immune protective mechanisms that allow man and
animal to survive CCHFV infection remain unclear as such
no immune system correlation of protection mechanism has
been fully defined. The suitable non-human primate model
for experiments on this disease, whose immune system
shows a close similarity to that of a human not identified
yet. Type 1 IFNs probably plays a key role in limiting early
replication and spread of viruses in men and animals 2],
The vitro interferon intervention has no significant activity
against the spread CCHFV activity its utility in post-
exposure treatment in a CCHF patient is also remains
mostly unknown 4. The Monoclonal antibodies were
developed for CCHF specific to the Gn and Gc
glycoproteins, its virus neutralization in-vitro did not
correlate with protection against illness or death in vivo
interventions 1241,

The only experimental model to induce CCHF disease was
newborn mice for many years in the past [»°l. However,
development of two mouse strains has been reported now in
line with the advancement of the experimental research. The
first mice were deficient in the type-l interferon receptor
A129. They are highly susceptible to CCHFV low doses of
10 focus forming units are enough to induce infection 29, It
was also demonstrated that the primarily targeted organ was
liver in mice, which resembles the clinical situation in
human CCHFV infection 1. The second model was the
STAT-1 knockout mice model which kept deficient in
signaling defects in the formation of all three types of
interferon (type 1, a and B; type II, y; and type III, A) 28
making this model more susceptible to induce CCHFV
infection for experimentations.

However, as such no mammal with the fully functional
immune system has been documented so far except humans
that can develop disease upon exposure to CCHFV infection
and can provide observations for further experimentation
against the treatment of this fatal disease._[?°1. Ribavirin so
far is used in the clinical practice but the outcome is still in
the shadows due to many other related factors including the
timing of starting treatment of CCHFV victims [2°],

Some other RNA-virus inhibitors drugs exist as candidates
for CCHF treatment. It is essential to phase further
experiments and detailed investigations for its future
therapeutic use. The next broad-spectrum RNA viral
inhibitor drug favipiravir has already been reported which
has some promising results both in vitro and in vivo that

supports to continue investigations for use against CCHF
[30]

Development of Vaccine against CCHFV

Due to inevitable co-living of men and animal, as well as the
absence of safe and approved treatments the CCHFV, kept
on spreading in many parts of the world [BY. The
development of an efficacious safe and affordable vaccine is
most essentially needed to prevent infection in human
populations as well as the animals. The preventive
protection for humans and animal will reduce the number of
cases of CCHF and subsequently reduce the risk of
nosocomial and zoonatic transmissions 311,

The suckling mouse brain vaccine was developed in 1970 in
the Soviet Union. This isolated virus was inactivated by the
use of chloroform, heated at 58 °C, separated and absorbed
on Al (OH) gel. It was approved and licensed in Bulgaria
and have been used in endemic areas for the vaccination of
military personnel including medical and agricultural
workers since 1974. The current Bulgarian vaccine used the
strain of CCHFV, V42/81 B2, The data from Bulgarian
Ministry of Health indicate a four times reduction in the
reported CCHF cases, but the outcome as of this vaccination
remained controversial because of the number of CCHF
cases were also reduced in un-vaccinated surrounding
population of the same regions, on the basis of this it was
uncertain to say that reduction in the number of CCHF cases
was due to the Bulgarian CCHF vaccination 3, The first
detailed clinical study analysis of the cellular and humoral
immune response in healthy individuals following the
immunisation with the Bulgarian vaccine was carried out in
2012 B4, This data showed that although vaccinated
individuals developed anti-CCHFV immunity as measured
by neutralization assays, the responses were low and
required three or more booster vaccine doses to improve



International Journal of Advanced Biochemistry Research

immune responses 4. Mouse brain-derived vaccines also
raise concerns due to possible auto-immune and allergic
reactions induced by “myelin” encephalitogenic protein thus
the Bulgarian vaccine fails to gain widespread international
regulatory approval [,

TPP Standards

The Target Product Profile (FDA, TPP) standard for a
CCHF vaccine are; it must be suitable for the coverage of
regions affected by CCHFV. Acceptable to regulatory
authorities, capable of initiating humeral and cellular
responses, should be able to demonstrate protection against
CCHFV challenge. The expression of the gene must be from
an authentic source. The product thus developed be
affordable to regions of limited health finances. It should be
able to be produced rapidly in outbreak conditions.
Relatively stable for vaccination in hot climate areas without
extra cold chain maintenance cost. Manufacturing
technology similar and acceptable to existing safety
standards for easy licensing by the authorities. Though the
public health focus is on human vaccination, it is also likely
that veterinary vaccines against CCHFV infection will also
play an essential role in preventing the spread of CCHF to
humans 1,

DNA Vaccines

A DNA vaccine expressing the entire M genome segment of
CCHFV has been developed B, The vaccination was tried
alone or in combination with other DNA vaccines against
Rift Valley fever virus, tick-borne encephalitis virus and
Hantan virus, neutralizing antibodies were only detected in
around half of the wvaccinated mice, with protecting
antibodies recognizing both Gn and Gc genes of CCHFV
371, Studies with this DNA vaccine were limited to
immunogenicity assessment by serological assay, as a
suitable model for experimentation with CCHF disease was
not available at that time. Recently, a DNA vaccine coding
for CCHFV Gc, Gn genes also demonstrated induction of
both humeral and cell-mediated immune responses which
elicited complete protection and survival in challenged
mouse model (81,

Inactivated Vaccines

As the data on the immune response to the Bulgarian mouse
brain-derived vaccine were limited. In 2010 a study of eight
vaccines was published, demonstrating T-cell activity and
humeral responses [, Repeated dosing of antibodies
required to show neutralization activity and increase T-cell
responses, suggesting that booster vaccinations doses may
be needed to confer protective immunity (8. Though this
data provides evidence on the immune response, efficacy
data on the vaccine is still not published or reported for this
inactivated vaccine.

Modified Vaccinia Virus Ankara vaccine

As to date, no licensed vaccine is available to give
preventive protection against CCHFV, the development of
safe effective and affordable vaccine is the need of time
which can accommodate the requirements for the
development of modern immunization concepts and get
international regulatory approval. The MVA-GP vaccine
candidate developed against CCHF. This vaccine has been
reported to demonstrated efficacy against lethal CCHFV
infection. This vaccine seems to be attractive for getting

international licensure from regulatory authorities; it is,
therefore, desirable to get more research data about this
candidate vaccine 1.

Discussion

There is an increasing concern about the geographical
spread of CCHF resulting from various factors. Changes in
the land use, agricultural practices, hunting activities and
movement of livestock are some of the major aggravating
dynamics. Similarly, many other environmental and climate
changes that are influencing the host-tick-virus spreading
crescendos that are supporting the epidemiology of this
disease and are responsible for rapid escalation of the
disease in many parts of the world. 1%, A recent modelling
study has used the database of human CCHF occurrence to
map the global distribution of risk for human CCHF
occurrence and concluded that Turkey, Iran, Romania,
Moldova and Ukraine have the largest areas of high risk for
CCHF occurrence and parts of Russia, Syria, Irag and
central Asia have high occurrence probabilities (1.

Because of its high fatality rate and its potential for
nosocomial outbreaks and the subsequent difficulties in
treatment and prevention CCHF is becoming a global issue.
The purpose of this paper is to report and describe the extent
of current published knowledge and developments relating
to the following aspects of CCHFV biology and
management: epidemiology, prevention, control; diagnosis;
therapeutics and vaccines development. The basic
pathogenesis of CCHFV infection can be identified from the
clinical pathology tests in humans during the course of the
disease and by the examination of necropsies of dead
animals used in vivo studies. The non-availability of a
susceptible animal model for CCHFV infection has severely
hampered the research work on treatment options and on
development of vaccines; for decades the only lethal animal
model to induce CCHFV infection was only the newborn
mice. However, in 2010 two mouse models were developed
the first, mice with deficiencies in their type-l interferon
receptor (A129) and the second model was the STAT-1
knockout mouse model. The research experimentation was
undertaken on these models 2 281, Anti-viral drug Ribavirin
has been recommended and used to treat CCHF viremia, but
due to several specific conditions of its effectiveness, the
general supportive care remains as the sole approach to
address a CCHF victim. As such, there is no safe and
effective vaccine currently available either for human or
animal use that can prevent this disease. Furthermore, this
effort can help the health management authorities to identify
gaps in current knowledge and the need for further research
and development. It is intended to assist in the development
of a CCHF R&D roadmap, and subsequently, the Target
Product Profiles (TPPs) needs to be completed on a priority
basis for effective CCHF treatment product development.
As part of the recent progress, a consultative meeting was
organized by WHO to finalize “R&D BLUEPRINT
ROADMAPS CONSULTATION ON CRIMEAN-CONGO
HAEMORRHAGIC FEVER (CCHF) in France 2018” ["],
The vision, strategic objectives and goals discussed as
follows: The availability of affordable near-patient
diagnostic nucleic-acid tests and the use of rapid diagnostic
test (RDT) at the point-of-care should essentially be
provided. Similarly, the prospective clinical trials in well-
designed multi-centers for the evaluation of potential
activity of antivirals must be continued. The research on
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identification and characterization of relevant animal models
of CCHF which recapitulate the pathogenesis and immuneo-
protective mechanisms of the human disease should be
given more attention. These models thus identified should
be acceptable as close match to regulatory authorities as
well as experimenting scientist for the acceptance of results
in the preclinical evaluation of novel CCHF vaccines and
therapeutics. The development and the subsequent
assessment of new drugs, biologicals and their combinations
for their efficacy as CCHF therapies in relevant animal
models through to early clinical trials may also be given
more attention. Emphasis be given on the development,
prioritization and progression of the best human CCHF
vaccine candidates for licensing which can take lead as
candidate vaccine entering phase | trial as the primary step
and phase Il trial as a the follow-up should also be taken
into consideration by the scientists and clinicians working
on the research programs. ']
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