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contact with viremic livestock or patients or bites by infected ticks. The number of reported cases has
increased in recent years, possibly due to global climatic change and human perturbations of biocenoses

Ic(ifvrfgarﬂféongo hemorrhagic fever that may have led to the migration of tick vectors. There is currently no FDA-approved vaccine or specific
Bunyavirus antiviral therapy for CCHF. The classification of CCHFV as a WHO Risk Group IV pathogen and the lack of
Nairovirus suitable animal models has caused progress in developing new prophylactic and therapeutic measures to
Priority pathogen be slow. Ribavirin is active against CCHFV in vitro, but its efficacy for human therapy has not been defini-
Ribavirin tively demonstrated by clinical studies. CCHF-immunoglobulin is also in use, but without clear evidence
Antiviral therapy of efficacy. In this article, we review the development of prophylaxis and therapy for CCHF and discuss

Viral hemorrhagic fever future prospects for vaccine and drug development.
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1. Introduction

Crimean-Congo hemorrhagic fever virus (CCHFV), a member
of the genus Nairovirus in the family Bunyaviridae, causes what
today is referred to as Crimean-Congo hemorrhagic fever (CCHF)
(Haenni et al., 2005). The disease was first recognized towards the
end of World War I, when some 200 Soviet military personnel and
peasants fell ill in devastated western Crimea (Chumakov, 1945).
However, in 1956, a disease very similar to CCHF befell a child in
the Belgian Congo (today the Democratic Republic of the Congo).
Between 1956 and 1965, this virus was isolated (Simpson et al.,
1965, 1967) and demonstrated to be identical to that causing the
Soviet cases (Casals, 1969; Woodall, 2007).

CCHF usually develops after humans have been bitten by ixo-
did ticks or have been in contact with infected animals (most often
livestock) or humans, or their tissues, excreta or secreta (Ergonul
and Whitehouse, 2007). The disease occurs in four phases, desig-
nated the incubation, prehemorrhagic, and hemorrhagic periods
and convalescence (Ergonul, 2007). After an incubation period
of 1-9 days, patients present with a nonspecific influenza-like
syndrome that typically lasts less than one week (Mardani and
Keshtkar-Jahromi, 2007). In some cases, the hemorrhagic period
develops rapidly, beginning between the third and fifth day of
illness. Circulatory shock and disseminated intravascular coagu-
lation may occur in severe cases (Ergonul, 2007; Mardani et al.,
2003; Swanepoel et al.,, 1989). The clinical symptoms of chil-
dren and adolescents do not differ from those of adults. In Iran,
children seem to be more vulnerable to severe disease than
adults, whereas in Turkey lethal cases of CCHF have rarely been
observed among children (Sharifi-Mood et al., 2008; Tezer et al.,
2010).

The diagnosis of CCHF has generally been based on the detec-
tion of anti-CCHFV IgM or a four-fold increase in antibody titer
from paired serum samples. However, patients who die during
the first four days of disease do not develop antibodies and there-
fore elude serologic diagnosis (Ergonul, 2006; Vorou et al., 2007).
In that case, RT-PCR is recommended, as this test can be highly
specific, sensitive, and rapid (Ergonul, 2006). Together, this means
that depending on the familiarity of clinicians with the disease,
the point in the course of illness and the severity of the patient’s
condition, CCHF may be difficult differentiate from febrile ill-
nesses.

Today, it is clear that CCHFV is one of the most widely spread
tick-borne viruses of medical importance. It is endemic to Asia,
Eastern Europe, the Middle East, and central and southern Africa,
and it causes human disease in increasing numbers per year
in many countries, including Turkey and possibly the successor
nations of the Soviet Union (Ergonul and Whitehouse, 2007). Nev-
ertheless, CCHF is a sporadic, uncommon illness even in those
countries with a rather rich history of cases (Kazakhstan, Rus-
sia, South Africa). Few physicians have had hands-on experience
with CCHF patients, medical response times tend to be prolonged
because of delayed diagnosis, and the gathering of epidemio-
logical data is hindered by the rural infrastructure in outbreak
areas.

WHO classifies CCHFV in WHO Risk Group IV, meaning that
maximum biocontainment facilities are recommended for any
research that uses infectious virus. In the USA, CCHFV is clas-
sified as a Select Agent, a Risk Group 4 Pathogen, and a NIAID
Category C Priority Pathogen because of the absence of effica-
cious prophylactic or treatment regimens. While the classification
as a Priority Pathogen has released funds to study CCHFV, the
requirement to work with it under Biosafety Level 4 conditions has
limited the number of researchers with access to the pathogen.
CCHEFV is considered a potential biological weapon (Bronze et al.,
2002). However, the same technical challenges that hinder progress
in the molecular characterization of the virus and the develop-
ment of effective prophylaxes for or vaccines against it most
likely preclude its development as a mass-casualty weapon (Borio
et al., 2002). On the other hand, CCHF is of interest to mili-
tary forces, because it is endemic in many areas where soldiers
may be deployed, either for conflicts or humanitarian aid. The
fatal infection of an American soldier in southern Afghanistan
in 2009 was a grave reminder of the risk posed by this disease
(Carter, 2009).

2. Vaccines

Initial attempts to develop vaccines date back to the 1960s,
when Soviet scientists advocated the immunization of local pop-
ulations because of CCHFV endemicity. Nonspecific preventive
measures such as tick eradication had proved to be expen-
sive, inefficient and in many instances impractical (Badalov et
al., 1969). Researchers of the Soviet Institute of Poliomyelitis
and Viral Encephalitides developed an experimental CCHF vac-
cine based on brain tissue from infected newborn laboratory
mice and rats. Brain tissue suspensions were inactivated by
formaldehyde and heat treatment to obtain safe, noninfectious
preparations. The efficacy of the vaccine was tested using the
complement fixation (CF) technique and titrated against immune
sera collected from CCHF convalescent patients or experimentally
infected animals (Tkachenko et al.,, 1970). The immunogenicity
of the vaccine was evaluated by serial intraperitoneal injec-
tions into newborn rats at 7-day intervals. Antibodies of all
classes could be detected one week after the first booster injec-
tion (Tkachenko et al., 1970). The vaccine did not have adverse
affects on the limited number of humans who volunteered to be
vaccinated.

In 1970, this inactivated vaccine was approved by the Soviet
Ministry of Health for CCHF prophylaxis (Tkachenko et al., 1970).
In the same year, serum samples were collected from some 2000
healthy people before vaccination, two weeks after a 2nd injection
and two weeks, one month, three to four months, and six months
after a 3rd injection. The sera were tested for the presence of anti-
CCHFV antibodies using CF and agar gel diffusion and precipitation
techniques. Low levels of antibodies (<5.7% one month after the
third injection) were detected, and 42% of samples tested posi-
tive using both tests. Neutralizing antibodies developed within 1-4
weeks after the 3rd injection, but titers decreased 3-6 months later
(Tkachenko et al., 1971). Approximately 1500 people vaccinated
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in 1970 were revaccinated once in 1971, resulting in an increased
seroresponse at one month and six months, which correlated with
the number of original injections (Tkachenko et al., 1971; Vasilenko,
1973). Unfortunately, no data regarding the protective efficacy of
the vaccine have been published.

In 1974, the Soviet vaccine was licensed in Bulgaria and used
in CCHFV-endemic areas of the country for military personnel and
medical and agricultural workers over 16 years of age. Recently
published data from the Bulgarian Ministry of Health suggest a
four-fold reduction in the number of reported CCHF cases over
a 22-year time period (1953-1974: 1105 cases; 1975-1996: 279
cases) (Christova et al., 2010). Since 1997, less than 20 cases have
been reported annually to the ministry, though more have probably
occurred. Notably, none of the vaccinated military personnel have
contracted CCHF, and none of the vaccinated laboratory personnel
working with CCHF virus became infected even after occasional
exposures by needle pricking. Although there are no published
data regarding the total number of vaccinated civilians who have
developed CCHF, these data nevertheless suggest that the vaccine
is efficacious (Christova et al., 2010). Of course, it is also possible
that case reporting has changed since vaccination was instituted, or
that populations have changed their behavior and reduced their tick
exposure. It is also possible that the epidemiology of CCHF and the
ecology of CCHFV have changed over the years in Bulgaria without
any intentional intervention. Regrettably, there are no data regard-
ing the incidence of CCHF in the same time frame in neighboring
countries, preventing further analysis of vaccine efficacy.

In a recent Bulgarian study, significant antibody responses were
observed in vaccinated volunteers who were regularly immunized
at 2-years intervals for the last 15-20 years. Antibody levels were
measured before each new booster dose and 2, 3 and 4 weeks
later. Using CF assays, titers of 1:2 to 1:16 were detected before
re-vaccination, followed by a 2-4-fold increase 2-3 weeks after
revaccination. Consistent, high antibody titers were detected by
ELISA before and after revaccination. The antibody response before
the 3™ injection was either zero, borderline positive, or weakly pos-
itive, but a significant increase was detected by both CFA and ELISA
thereafter (I. Christova, unpublished data).

As described by the manufacturer, the Bulgarian vaccine con-
sists of Active substance: inactivated CCHFV antigen; and Auxiliary
substances: aluminum hydroxide, thiomersal, sodium hydrogen
carbonate, sodium chloride, phenol red as an indicator, tobramycin,
and water (Anon., 2008). A dose of 1 mL subcutaneously is followed
by a second injection 30-45 days later, re-immunization one year
later and then every five years. The vaccine is designed for per-
sons over 16 years of age. For persons who have been treated with
CCHF-specific immunoglobulin, 30 days should pass before immu-
nization. Corticosteroid usage or immunosuppressive treatment
may render vaccination unsuccessful. Vaccination may be accom-
panied with local reactions or fever. It is not deemed necessary for
persons who have recovered from CCHF. This vaccine requires the
use of maximum containment facilities to generate virions for inac-
tivation. There is also concern about using vaccines grown in mouse
brains due to possible autoimmune and allergic responses induced
by myelin basic protein (Hemachudha et al., 1987; Jelinek, 2008).
Additional vaccine platforms should therefore be considered.

Modern vaccine development foresees the establishment of
DNA vaccines, recombinant viral protein-based vaccines, and
virus-like particle vaccines. However, research has been severely
hindered by the absence of CCHF animal models. For instance,
American scientists have developed a DNA vaccine containing
the CCHF genome M segment and have shown that it elicited
neutralizing antibodies in mice, as well as antibodies that immuno-
precipitated M-segment expression products (Spik et al., 2006).
However, they were unable to evaluate the vaccine’s protective
efficacy.

3. Animal models

Animal models of CCHF have until recently been limited to
intracranial or intraperitoneal infection of newborn mice or rats
with the suckling mouse-passaged IbAr 10200 or Hodzha CCHFV
strains (Smirnova, 1979; Smirnova et al., 1973; Tignor and Hanham,
1993). Although the use of these animals has generated some inter-
esting results, newborn mice are unusually susceptible to a wide
array of pathogens, and their usefulness as disease models is ques-
tionable. However, CCHFV-infected adult mice, rats, guinea pigs,
hamsters, rabbits, sheep, calves, donkeys, nonhuman primates, and
other adult animals exhibit low to undetectable viremia and clear
the infection without overt signs of illness (Fagbami et al., 1975;
Shepherd et al., 1989; Smirnova, 1979).

Recently, two models of lethal CCHFV infection have been
reported in adult mice with defective interferon responses (Bente
et al., 2010; Bereczky et al., 2010). In the first model, knockout
mice lacking the signal transducer and activator of transcription-1
(STAT-1) protein died 3-5 days after infection with low doses of the
mouse-passaged CCHFV strain IbAr 10200, and developed throm-
bocytopenia and leukopenia, as well as increased serum ALT levels,
which are also found in lethal human infections, supporting the
validity of STAT-1 KO mice as a model of human CCHF (Bente et al.,
2010; Joubert et al., 1985; Swanepoel et al., 1989). The animals also
developed characteristic histopathologic lesions, including necro-
sis in the livers and lymphocyte depletion in the spleens, but
interstitial pneumonia and intestinal hemorrhage, found in lethal
human infections, were not apparent. Analysis of immune cells sug-
gested activation of macrophages, dendritic cells, and NK cells in
lethal infection, although there was no comparison with these cells
in infected wild-type mice. Infected mice also had elevated serum
IL-6,1L-10, and TNF-a concentrations, which correlate with findings
in some human cases (Ergonul et al., 2006; Papa et al., 2006). The
model was also used to demonstrate that ribavirin therapy could
prevent lethal infection.

The second model employs knockout mice lacking the cell-
surface IFN-a/B receptor (IFNAR-/-), in which infection with
CCHFV strain IbAr 2000 was lethal within 2-4 days (Bereczky et al.,
2010). Viral replication was highest in the liver and spleen, and up
to 10,000-fold higher in IFNAR~/~ mice than in immunocompetent
mice. Enlarged, hemorrhagic livers were found in IFNAR~/~ mice
infected with lower (10%, 103 and 10! focus-forming units), but not
higher (106 focus-forming units), doses of virus.

Both mouse models can potentially serve as platforms for stud-
ies aiming to analyze the pathogenesis and treatment of CCHF,
such as inflammatory cytokine production or the effectiveness of
immune serum therapy. Vaccine studies, which were not feasible
in newborn mice, might also be applicable using these platforms.
Whether or not CCHFV can be adapted for studies in other ani-
mals, it is possible that suppression of type I interferon responses
would allow for lethal infection. The use of humanized mice may
also be useful for further model development (Brehm et al., 2010).
It is now necessary to focus on the further characterization of these
new models, since at least in the USA, two well-characterized ani-
mal models reflecting human disease parameters should ideally be
available for the approval of any drug or vaccine for human use,
under the FDA “Animal Rule.”

Althoughitappears that mouse models can be developed further
to satisfy the stringent FDA requirements for drug approval, the cur-
rent lack of a CCHF model in higher mammals, such as nonhuman
primates, raises the question how new drugs and vaccines could be
tested in human populations without the use of the “Animal Rule.”
Could the evaluation of new treatments be ethically justified within
international collaborations in countries with less stringent rules
for drug testing? If so, which countries would participate in such
trials, and under what circumstances? Is CCHF so “exotic” a disease
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that the development of new therapies can be postponed until a
satisfactory animal model has been found? The initiation of such
discussions is an urgent matter that should not be further delayed.

4. Treatment

Most CCHF patients receive only supportive therapy. Although
ribavirin has been employed for over 25 years for the prophylaxis
and therapy of CCHF, its efficacy remains controversial. Below we
summarize all major published reports in the English-language lit-
erature of the clinical use of ribavirin for CCHF, and then comment
on the need for further investigation of its therapeutic bene-
fit. We then briefly review experience with the use of specific
immunoglobulin for the treatment of CCHF in the former Soviet
Union and Bulgaria and the potential development of monoclonal
antibody therapies.

4.1. Supportive therapy

CCHF patients must be monitored closely for effective sup-
port. Measurement of the complete blood count, serum electrolyte
levels, and coagulation indices is crucial, and transfusions with
blood products must be carefully considered, based on individual
deficits. Medical staff should be aware of the possibility of life-
threatening hemorrhages; non-steroidal anti-inflammatory drugs
are therefore contraindicated, and intramuscular injections should
be avoided (Ergonul, 2006). In Turkey, two cases of CCHF com-
plicated by hypothermia and severe hemorrhagic manifestations
were recently treated successfully with only fresh frozen plasma,
crystalloid, and colloid infusions, indicating that supportive mea-
sures may be sufficient even in severe cases (Yilmaz et al., 2009).

4.2. Ribavirin

4.2.1. Activity in vitro and in laboratory animals

Ribavirin is a purine nucleoside analogue with broad-spectrum
antiviral activity. Indirect (inosine monophosphate dehydrogenase
inhibition, immunomodulatory effects) and direct mechanisms
(interference with mRNA capping, polymerase inhibition, lethal
mutagenesis) have been proposed to explain its antiviral activ-
ity (Graci and Cameron, 2006). The efficacy of ribavirin against
CCHFV was first described in vitro in 1989, when the drug markedly
reduced viral yields of variants from Europe, Asia, and Africa (Watts
et al., 1989). Although some isolates appeared to be more sensi-
tive than others, CCHFV proved in general to be more sensitive to
ribavirin than a bunyaviral relative, Rift Valley fever virus (genus
Phlebovirus). A recent study confirmed that ribavirin inhibited
CCHFV replication according to plaque-reduction assays, and no
significant differences in drug sensitivity of different viral isolates
were observed (Paragas et al., 2004). In a study in suckling mice
using the mouse-passaged IbAr 10200 CCHF strain, ribavirin signifi-
cantly reduced lethality, increased the mean time to death, reduced
viral replication in the liver and prevented infection of brain and
heart tissues (Tignor and Hanham, 1993). The protective activity
of ribavirin has also been demonstrated in CCHFV-infected STAT-1
knockout mice (Bente et al., 2010).

4.2.2. Ribavirin efficacy in CCHF patients

4.2.2.1. Observational studies. The first reported clinical use was
during a nosocomial outbreak in a South African hospital in 1985
(Table 1) (van de Wal et al.,, 1985). Six of 9 healthcare work-
ers with penetrating injuries from CCHFV-contaminated needles
were treated with intravenous ribavirin and interferon-a. Of the
3 untreated individuals, 1 developed mild disease and the 2 oth-
ers developed severe CCHF. In contrast, 4 of the 5 ribavirin-treated
healthcare workers remained asymptomatic and did not develop

measurable anti-CCHFV antibodies, while the fifth suffered only
a mild illness. However, another 42 individuals who had been
exposed to contaminated blood remained healthy without treat-
ment, making it unclear whether ribavirin therapy actually had an
effect.

In 1995, the use of oral ribavirin was reported in 3 severe noso-
comial CCHF cases in Pakistan (Fisher-Hoch et al., 1995). All patients
became afebrile within 48 h of the initiation of treatment and
recovered completely. In another nosocomial outbreak in Pakistan,
ribavirin was used to treat 1 of 2 secondary CCHF cases, who sur-
vived (Athar et al., 2003). During another Pakistani CCHF outbreak,
9 patients were treated with oral ribavirin, and 4 survived (Smego
etal.,2004).In 2003, in a nosocomial outbreak in a tertiary care hos-
pital in Pakistan, ribavirin was administered to workers involved
in the care of the index case (Bangash and Khan, 2003). The sec-
ondarily infected patients recovered completely, and none of the
11 health care workers became ill. Finally, it was reported that 6
and 10 CCHF patients in the Golestan Province of Iran and in Istan-
bul, Turkey, respectively, survived after being treated with ribavirin
(Jabbari et al., 2006; Midilli et al., 2007).

4.2.2.2. Historical comparisons. In 2003, Iranian researchers com-
pared case fatality rates among 139 suspected and 69 confirmed
CCHF patients, based on oral ribavirin treatment (Mardani et al.,
2003). For those with confirmed disease, the survival rate was
69.8% for treated patients and 41.7% for untreated cases, while for
patients with suspected CCHFV, it was 88.4% for treated and 54.2%
for untreated cases. The efficacy of oral ribavirin was determined to
be 80% among confirmed and 34% among suspected CCHF patients.

Ozkurt et al. (2006) compared 22 CCHF patients treated with
oral ribavirin to a historical cohort of 38 untreated patients. The
case fatality rate was 9.0% in treated and 10.5% in the untreated
group, a difference that was not statistically significant (p=0.85).
The recovery period was shorter in the treated group, but the need
for blood products was the same, and the mean hospitalization time
and total hospital expenditure did not differ between the groups.
However, the groups were not matched for disease severity.

In another study in Iran in 2006, Alavi-Naini et al. evaluated the
efficacy of oral ribavirin, and found that 37 (15.7%) of 236 treated
patients and 63.2% of 19 untreated patients died (Alavi-Naini et al.,
2006). The efficacy of treatment was determined to be 75% and the
relative chance of recovery in the treated group was 2.29 times
higher than for untreated cases.

Recently, 218 Turkish CCHF patients were retrospectively eval-
uated for clinical outcome based on oral ribavirin treatment (Elaldi
et al., 2009). The case-fatality rate was 9/126 (7.1%) in the treated
group and 11/92 (11.9%) in the untreated group. The average inter-
val between disease onset and ribavirin administration was not
significantly different among fatal and nonfatal cases in the treated
group (4.4 days vs. 5.8 days; p=0.11), and there was no significant
difference in the clinical outcome of patients treated within 3 days
of disease onset, compared to those treated later (p=0.14). How-
ever, this study was criticized for faults in statistical analysis and
study design (Ergonul, 2009).

4.2.2.3. Non-randomized clinical trials. In a study of 35 CCHF
patients reported from Turkey in 2004, in which 30 patients had
severe and 5 mild illness, the overall case-fatality rate was 2.8%
(Ergonul et al., 2004). Oral ribavirin was given to 8 patients with
severe disease, all of whom survived, whereas the case-fatality rate
was 4.5% in the 22 patients with severe disease who did not receive
the drug.

In 2009, Tasdelen Fisgin et al. evaluated the efficacy of oral rib-
avirin in Turkish CCHF patients: 21 cases treated within 4 days
after the appearance of symptoms and 20 treated beginning 5 days
or longer after disease onset (Tasdelen Fisgin et al., 2009). Eleven
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Table 1

Summary of literature published since 1985 on the efficacy of ribavirin therapy of CCHF.
Country Treated/total cases Study type Prophylaxis or treatment Reference
South Africa 6/9 Observational Prophylaxis van de Wal et al. (1985)
Pakistan 3/3 Treatment Fisher-Hoch et al. (1995)
Pakistan 2/2 Treatment Athar et al. (2003)
Pakistan 12/12 Prophylaxis Bangash and Khan (2003)
Pakistan 9/9 Treatment Smego et al. (2004)
Iran 6/6 Treatment Jabbari et al. (2006)
Turkey 10/10 Treatment Midilli et al. (2007)
Iran 61/69 Treatment Mardani et al. (2003)
Iran 236/255 Historical comparison Treatment Alavi-Naini et al. (2006)
Turkey 22/60 Treatment Ozkurt et al. (2006)
Turkey 126/218 Treatment Elaldi et al. (2009)
Turkey 10/50 Treatment Bodur et al. (2011)
Turkey 8/30 Non-randomized clinical trial Treatment Ergonul et al. (2004)
Turkey 9/25 Treatment Cevik et al. (2008)
Turkey 41/52 Treatment Tasdelen Fisgin et al. (2009)
Iran 184/184 Comparison to evaluate timing Treatment Metanat et al. (2006)
Iran 63/63 Treatment Izadi and Salehi (2009)
Iran 155/155 Treatment Sharifi-Mood et al. (2009)
Turkey 64/136 Randomized clinical trial Treatment Koksal et al. (2010)

patients were untreated. At days 5-10 after disease onset, the mean
platelet counts of the patients who were treated early in their illness
were significantly higher than those of patients treated late, and at
days 7-9, they were significantly higher than those of the untreated
patients. The case fatality rate among early treated patients (5%)
was lower than late treated (10%) and untreated patients (27%),
but the difference was not statistically significant.

In one of the few studies to evaluate the efficacy of intravenous
ribavirin, Cevik and colleagues compared outcomes in 9 severely
ill patients, compared to 16 untreated controls (Cevik et al., 2008).
They found no statistically significant differences between the 2
groups in terms of case fatality rate, mean duration of hospitaliza-
tion or the need for blood products, and they accordingly concluded
that treatment had no beneficial effect. However, as in the case
of the study by Tasdelen Fisgin et al., this report should be inter-
preted cautiously, as it lacks the statistical power to reach a definite
conclusion.

Turkish scientists recently published a retrospective
case-control study of the effect of oral ribavirin on viral load
and disease progression, which included 10 patients who received
the drug for 10 days and 40 who received only supportive therapy
(Bodur et al., 2011). There was no significant difference in viral
load between the case and control groups at the time of hospital
admission. During follow-up, no statistically significant differences
were found in the decrease in viral load, reduction in liver enzyme
concentrations, increase in platelet count or the case fatality rate.
These results suggest that oral ribavirin had no positive effect, but
one should note that the number of treated patients was small.

4.2.2.4. Efficacy at different time points. In a case-control study in
2006 in Iran, 84% of the 89 patients who were treated with oral
ribavirin beginning within the first 72 h of illness onset recovered
from the disease, whereas the survival rate of the 95 patients whose
treatment began after 72h was 74.8% (Metanat et al., 2006). In
another Iranian study, in which 47 of 63 treated patients survived,
those treated individuals who survived infection received their ini-
tial therapy 24 h earlier on average than treated patients who died
(Izadi, 2009). The interval between the onset of disease or hemor-
rhage and the initiation of ribavirin administration was the most
important variable correlated with survival (Izadi and Salehi, 2009).

In 2009, researchers in the Sistan and Baluchistan Provinces
of Iran described a significant difference in recovery among 32

people treated with ribavirin between 2005 and 2007, compared
to 123 people treated in 1999-2004 (Sharifi-Mood et al., 2009).
All patients from 2005 to 2007 were treated within the first 72 h
of illness onset, whereas only 79% of those from 1999 to 2004
were treated within that time frame. The case fatality rate among
the 2005-2007 cases (3%) was significantly lower than in the
1999-2004 group (22%) (p=0.001). Although these data support
the early administration of ribavirin, other confounding variables,
such as the time of diagnosis and the type of supportive clinical
measures should be considered when evaluating the efficacy of
therapy.

4.2.2.5. Randomized clinical trials. One hundred thirty-six Turk-
ish CCHF patients were randomized, such that Group A (n=64)
received oral ribavirin and supportive therapy, while group B
(n=72) received only supportive therapy (Koksal et al., 2010). The
two groups were matched for baseline demographic features. There
was no statistically significant difference between the two groups
in the incubation period, clinical presentation, laboratory findings,
time of hospitalization, requirement for platelet infusions, time
needed for normalization of platelet counts or survival. Not only
did the ribavirin-treated patients not survive longer than the con-
trol group, but also their leukocyte counts remained abnormal for
a longer period of time.

4.2.3. Ribavirin therapy: conclusions

As the variety of conclusions reached by the publications
summarized above has shown, the efficacy of ribavirin for the
prophylaxis and therapy of CCHF is still an open question. Early
anecdotal reports described the recovery of severely ill patients
treated with the drug, but more recent studies, including a large
randomized clinical trial, have found few or no differences in the
course and outcome of illness of treated and untreated patients.
Unfortunately, underlying variation in patient populations and the
failure of investigators to match cases and controls for disease
severity, stage of illness at initiation of treatment and other factors
have limited the value of many studies. Because the use of ribavirin
is now well established in most countries where CCHF is endemic,
there may be ethical objections to performing placebo-controlled
trials. Researchers should therefore consider how ribavirin therapy
might be further evaluated without violating ethical guidelines. In
the meantime, it appears justifiable to continue to administer the
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drug to suspected cases of CCHF in endemic areas until its efficacy
has been definitively determined.

4.3. Specific immunoglobulin

4.3.1. Intramuscular anti-CCHF immunoglobulin

The idea of treating CCHF patients with specific immunoglob-
ulin was first proposed by Chumakov in 1944 (Chumakov, 1945).
In 1967, however, Leshchinskaya reported the lack of efficacy of
intramuscular injections of convalescent serum in Soviet CCHF
patients (Leshchinskaya, 1967). In 1970, the same researchers
treated 61 patients with 80 mL of convalescent serum injected
intramuscularly once or twice daily up to day 4 following the
onset of hemorrhagic symptoms, and compared them to 88
untreated patients matched in disease severity (Leshchinskaya and
Martinenko, 1970). No statistically significant differences in fever
duration or lethality were observed, and virus was isolated from the
blood even in patients who had received sera for 2 or 3 days. For
future studies, the researchers recommended administering con-
valescent sera by the intravenous route, at earlier time points, for
longer duration, in volumes greater than 200 mL and with higher
immunoglobulin titers. Between 1964 and 1968, 98 patients were
inoculated with convalescent sera during the first 2-3 days of dis-
ease, resulting in a better outcome compared to treatment after the
4th day (Lazarev, 1969).

In 1980, a CCHF patient in a nosocomial outbreak in Dubai who
was treated with 300 mL of convalescent serum survived his ill-
ness, and his convalescent period was shorter than that of other
survivors (Suleiman et al., 1980). During another nosocomial out-
break in South Africa in 1985, hyperimmune serum was used to
treat 5 patients (van Eeden et al., 1985). Two patients received
1, and 3 patients received 2 injections of 250 mL of serum intra-
venously, in addition to supportive therapy. Four patients showed
symptomatic improvement for at least 12 h after the first dose, and
again after the second dose. The five patients who received serum
all survived. In contrast, two untreated patients who died showed
no antibody response at the time of death, suggesting that immune
serum therapy could be of decisive importance for survival. The
authors suggested that massive and continuous infusion of hyper-
immune serum, continuing for 48-72h, would more effectively
influence the disease outcome.

In Bulgaria, specific intramuscular human immunoglobulin
(CCHF-Bulin), derived from the plasma of convalescent patients, has
been used since 1975 for the post-exposure prophylaxis of persons
who have been in contact with suspected CCHF cases. Such indi-
viduals receive 3 mL of immunoglobulin, whereas patients with
suspected CCHF receive 6 mL, and confirmed cases receive 6-9 mL
on days 1-5, or until a therapeutic effect is achieved (Anon., 2008).
Case-control studies of the efficacy ofimmunoglobulin prophylaxis
and therapy have not been published.

4.3.2. Intravenous anti-CCHF immunoglobulin

Intravenous anti-CCHF immunoglobulin (CCHF-Venin) was
tested in 1989 in 7 CCHF patients with severe hemorrhagic manifes-
tations in Bulgaria (Vassilenko et al., 1990). Thirty milliliters were
administered together with 30 mL of CCHF-Bulin and other general
supportive measures. All 7 patients recovered quickly, without side
effects, and their leukocyte, platelet, and coagulation abnormalities
returned to normal. Unfortunately, this study did notinclude a con-
trol group, and as for CCHF-Bulin, data on the efficacy of CCHF-venin
based on case—control studies are lacking.

4.3.3. Conclusions: immunoglobulin therapy

None of the studies described above have proven the efficacy
of specific immunoglobulin for the post-exposure prophylaxis or
treatment of CCHF, so these products should be further evalu-

ated in well designed clinical trials. To avoid depriving patients of
potentially beneficial therapy, one study group might receive rib-
avirin, while a second group would receive ribavirin plus immune
globulin. Such an investigation might be carried out collabo-
ratively between countries that have supplies of CCHF-specific
immunoglobulin, such as Bulgaria, and those that experience a
higher incidence of disease, such as Turkey or Iran. Alternatively,
countries with a higher incidence of CCHF might prepare their
own stocks of immune serum and evaluate them as described
above.

4.3.4. Monoclonal antibodies

Monoclonal antibodies (mAbs) were first used for CCHFV iden-
tification in 1987 (Blackburn et al., 1987). Scientists are now
attempting to develop anti-CCHFV mAbs for the treatment of
patients. mAbs specific to both the Gn and Gc surface glycoproteins
were generated to evaluate their neutralization and protection
properties; mAbs to Gc, but not Gn, neutralized CCHFV in SW-
13 cell cultures (Bertolotti-Ciarlet et al., 2005). However, only a
subset protected mice after passive immunization, whereas some
non-neutralizing mAbs to Gn protected mice from lethal CCHFV
challenge. It was concluded that neutralization depends not only on
the properties of the antibody, but also on host factors and mech-
anisms such as antibody-dependent, cell-mediated cytotoxicity.

5. Summary

The only available and probably somewhat efficacious CCHF
vaccine is an inactivated antigen preparation currently used in
Bulgaria. More modern vaccines are under development, but the
sporadic nature of the disease even in endemic countries suggests
that large trials of vaccine efficacy will be difficult to perform.
Finding volunteers may prove challenging, given the growing resis-
tance of populations to vaccines against contagious diseases such
as measles or poliomyelitis. The number of people to be vacci-
nated and the length of time they would have to be followed to
confirm protection would have to be carefully defined. Alterna-
tively, many scientists appear to believe that treatment of CCHF
with ribavirin is more practical than prevention, but some recently
conducted clinical trials appear to counter assumptions of drug effi-
cacy. Immunoglobulin preparations have been used for more than
30 years to prevent and treat CCHF in Bulgaria, but few data have
been published, and their efficacy remains unproven. Although
recent developments in antibody engineering have raised hopes for
novel mAb therapies, this approach remains in its infancy. Research
now relies on two recently developed mouse models for the eval-
uation of antibodies, antivirals and other forms of prophylaxis and
therapy, but the predictive value of testing in these immunodefi-
cient animals has not been defined. Given these many obstacles to
progress, CCHF will clearly remain a major challenge to the infec-
tious disease community for the foreseeable future.
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