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ABSTRACT

Ticks are distributed worldwide and transmit the pathogenic microorganisms that affect humans. Most of the
tick borne diseases are caused by tick borne viruses. Two main tick borne diseases Kyasanur forest disease
(KFD) and Crimean-congo haemorrhagic fever (CCHF) are found in India with high mortality rate. KFD is a
tick born disease caused by a vector Haemaphysalis spinigera. It was first observed in 1957 Karnataka state,
India which also affects nonhuman primates. The newer cases were reported from the areas of Kerala, Tamil
Nadu and Goa state. No specific treatment of KFD is available; but the supportive therapy is important to
minimize the symptoms and formalin inactivated KFDV vaccine is currently in use to prevent KFD infection.
CCHF is distributed in Asia, Africa and some part of Europe, but the existence of CCHF in India was first
confirmed in 2011 in Gujarat state. Hyolomma spp. ticks are the vector for the transmission of CCHF. There is
a need for improved diagnostic facilities, more containment laboratories, better public awareness, and
implementation of thorough tick control in affected areas during epidemics.

Keywords: Crimean-Congo hemorrhagic fever, India, Kyasanur forest disease, Tick borne

diseases.

I. INTRODUCTION

Globally, the arthropod vectors like ticks are important for transmission of numerous infectious agents and are
responsible for causing human and animal diseases [1]. Ticks are essential bloodsucking ectoparasites that infest
mammals, birds, reptiles and amphibians [2]. Considering the total world’s tick fauna 80% of are hard ticks and
the remaining 20% are soft ticks. In the transmission of disease to domestic animals and humans only 10% of
the total hard and soft tick species are known to be involved [3]. Tick-borne diseases are prevalent only in

specific risk areas where favorable environmental conditions exist for individual tick species [4]. The tick-borne
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viral diseases generally manifest three different clinical conditions such as encephalitis, haemorrhagic fevers,
and acute febrile illness [5].

Haemaphysalis spinigera and Hyalomma anatolicum are the two important species of ticks present in India,
which is responsible for causing the fatal tick-borne viral diseases Kyasanur forest disease and Crimean-Congo
hemorrhagic fever respectively [6, 7]. The highly infectious nature of KFD and CCHF causes the outbreak of
these diseases to newer areas. This paper focuses particularly on the Indian scenario of KFD infection, clinical
and epidemiological features of the disease, and current policies for management of their control and for raising

public awareness.

I1. TICK BORNE VIRAL DISEASES IN INDIA

2.1 Kyasanur forest disease

KFD is a historically understudied tick-borne disease that affects hundreds of people each year in India. KFDV
was first isolated during an outbreak of febrile disease in 1957 in people living in the Kyasanur forest area of the
Shimoga district in the Karnataka (then Mysore) state of India [8, 9]. The KFD virus is a member of the genus
Flavivirus and family Flaviviridae. The virus was initially suspected as a Russian spring—summer (RSS)

complex of viruses, since isolates from monkeys and human showed relatedness to this virus [10].

2.1.1 Mode of transmission

KFDV is transmitted to the wild monkeys Presbytis entellus (black faced langur) and the red faced bonnet
(Macaca radiate), through the bites of infected H. spinigera ticks [8]. After infection, KFDV is transmitted to
other ticks feeding on the infected animals. Infection causes severe febrile illness in some monkeys. When
infected monkeys die, the ticks drop from their body, thereby generating hotspots of infectious ticks that further
spread the virus. The genus Haemaphysalis includes 177 species. All Haemaphysalis spp. are three-host ticks.
H. spinigera is the main vector of KFD, which is endemic in Karnataka state, India [11]. Humans become
infected through the bite of infected unfed nymphs, which appear to be more anthropophilic than mature ticks
[12]. Ticks have also been found to transmit this virus, thus also acting as a reservoir for the virus. The Fig. 1
represents the life cycle of vector and mode of transmission of KFD.

2.1.2 Geological distribution of KFDV in India

In the forest area of Shimoga district Karnataka, India during 1956 large number of monkey mortality were
reported followed by acute, febrile haemorrhagic disease in humans nearby [13]. The name Kyasanur Forest
disease was given after the forest where the first viral isolate was obtained [14]. After the discovery of KFD it is
confined to three talukas Sagar, Shikaripur and Sorab of the Shimoga district of Karnataka, until 1972.
Thereafter, it was reported from four additional areas, namely Chikmagalur, Dakshina Kannada, Udipi and Uttar
Kanada districts of Karnataka state [15]. Around 400-500 cases of KFD are reporting from India every year [9].

In every season of epidemic, around 500 cases are reporting from these areas [15, 16].
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Figure 1: Mode of transmission of KFD virus
Between 2003 and March 2012, there were 3263 reported human cases and, of these, 823 were laboratory
confirmed. Large numbers of human infections were reported in 2003—-2004, but a significant decline occurred
in 2007 and again in 2010-2011 [17, 18]. In 2013, KFDV was detected in autopsy of dead monkeys in Nilgiris
District, Tamil Nadu and in a one incidence of human case from Wayanad district, Kerala [19]. Serological
evidences are there for the probable existence of KFDV in different states of India [20]. The KFD is placed in
the biosafety risk group-4 category as per the guidelines of the Center for Disease Control and Prevention [21].
2.1.3 Clinical signs and symptoms
In humans, the incubation period of KFD is estimated to be about 2 to 7 days after tick bites or exposure [8].
The onset is sudden and followed by headache and fever which rapidly rises to 104°F. The initial prodomal
stage lasts for around one week, with sudden onset of fever, chills, headache, gastro intestinal disturbances,
insomnia, sore throat, decreased blood pressure and heart rate, pain in muscles, extremities and conjunctivitis.
Humans infected with KFDV have low platelet, white blood cells and red blood cells count. Ophthalmic
manifestations of KFD are haemorrhages in conjunctiva, retina and vitreous humour, Kkeratitis, opacity of lens,
mild iritis [22, 23].
The next haemorrhagic stage is characterised by irregular epistaxis with blood in vomitus and faeces, blisters on
mouth, haemorrhages from the gum and nose. The haemorragic stage is followed by a long convalescent stage.
The fever last for 2-12 days. Frequently, a second febrile stage of around 2 weeks with same clinical
manifestations of first phase along with various neurological complications was reported. Abnormal reflexes,
confusion and tremors noticed as neurological complication [24-26].
2.1.4 Diagnosis
The clinical signs of KFD are similar to many other viral/ haemorrhagic fevers. There should be a reliable and
fast differential diagnostic test for confirmation of KFD. Earlier for KFD detection, virus isolation and some

antibody based detection methods such as hemagglutination inhibition (HI), complement fixation (CF) and
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neutralization test (NT) were used [27]. With advancement of technologies, laboratories developed various
molecular diagnostic methods for diagnosis. After establishment of the first BSL-3 laboratory of India at NIV,
Pune, real-time RT-PCR, RT-PCR and detection of IgM and IgG antibodies by ELISA were developed and
standardized [8].

Virus isolation of KFDV can be done by in vitro using BHK-21, Vero E6 cell lines and embryonated chick cell
or in mice [28, 29]. KFD anti-lgM antibodies can be detected using ELISA during the acute phase [21]. RT—
PCR and real time PCR provides a very rapid and accurate diagnosis [30]. The RT-PCR reactions are highly
specific and sensitive compared to other conventional methods [31-33].

2.1.5 Treatment

Currently, no specific antiviral treatment exists for KFDV in humans; early hospitalization and supportive
treatment becomes more essential. Supportive therapy includes the maintenance of normal blood cell counts,
blood pressure and hydration [34]. Also the pain relief drugs like antipyretics, blood transfusion, and
antimicrobial therapy for secondary infections, corticosteroids and anticonvulsants for nervous disorders [24].
2.1.6 Prevention and control

Tick borne diseases are emerging as a result of changes in public health policy, acaricide resistance, climatic
changes, and emergence of new variant of pathogen. Measures need to be taken for reversal of these conditions
[35]. Prevention strategies such as quarantine, vaccination, early diagnosis, tick control will restrict the entry of
virus to new areas. Vaccination is one of the main control strategies for KFD. Formalin inactivated tissue culture
vaccines are available for immunization against KFDV in endemic areas. Other control strategy includes
wearing protective clothing while handling infectious materials and tick control.

Use of tick repellent should be advised to the local villagers, forest camp workers and staff, tourist and wild-life
photographers. Benzenehexachloride (BHC) spraying may be carried out in areas where monkey deaths have
been reported. Strictly prohibit the visit to affected forest areas during outbreak time [5, 36-37]. An inactivated
or killed tissue culture vaccine has been used in endemic areas of Karnataka, India since 1990. Initially 2 doses
were used in persons of 7— 65 years of age, in an interval of 4 weeks. Revaccination is required after 6-9 months
for five years [17]. The efficiency of vaccine was around 62% in individuals received initial 2 doses and 83% in

individuals who received further boosters.

2.2 Crimean-Congo haemorrhagic fever

CCHF was predictable for the first time in 1944, in the West Crimean region of the former Soviet Union, during
a large outbreak, and the virus was afterward isolated in 1956 from a human case [38, 39]. The Crimean—Congo
haemorrhagic fever virus (CCHFV) is also considered as an important zoonotic virus, owing to its wide
distribution and ability to cause disease in humans, with high mortality rate [40]. It is a member of the genus
Nairovirus of the family Bunyaviridae and having average case-fatality rate is 30-50% [41, 42].

2.2.1 Mode of transmission

Humans were infected through the bite of ticks, by contact with a CCHF-infected patient during the acute phase

of infection, or by contact with secretions, blood or tissues from viraemic livestock. Individuals exposed to ticks
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and persons who come in close contact with CCHF patients are include in risk groups [43]. In India it was
mainly nosocomial and started with case history of tick bites and close contact with animals during 2011 [43].
The infected Hyalomma ticks infested on domestic animals were the main reason for transmission of virus. Once
a human was contaminated, the disease was transferred to other close family relatives who go along with the
infected individual to hospital, lived in the same house, and attended the funeral of a person who had died due to
CCHEF, or came in contact with infected body fluids [44].

Ticks of the Hyalomma genus have been reported to be associated with the incidence of the disease and found to
play a key role in transmission of CCHFV to mammals [45-48]. High tick activity is associated with warm
winters and hot summers. The preponderance of tick species as vectors of CCHFV differs geographically and
includes H. anatolicum subspecies, which are distributed throughout Eurasia, while in the northern half of
Africa H. marginatum subspecies predominate. Of the 25 known Hyalomma spp., 15 are important vectors of
infectious agents of veterinary and public health importance [49]. Among these, Hyalomma anatolicum
anatolicum is important, and this species has wide distribution in India [50]. They effectively withstand diverse
habitats ranging from warm, arid and semi-arid, harsh lowland, and long dry seasons [49]. H. anatolicum
anatolicum is known to transmit virus to humans [51].

A transient viraemia in many wild, domesticated and laboratory mammals were caused by CCHFV which
having a wide host range. The antibodies against CCHFV have been detected in the sera of variety of animals
[52, 53]. Viraemia does not develop in birds however; migratory species could carry infected ticks and play a
role in disseminating the virus over long distances [54].

2.2.2 Geographical distribution of CCHFV in India

The geographic distribution of CCHF is closely related to the global distribution of Hyalomma spp. ticks.
CCHFV has been reported in over 30 countries covering Africa, South-Eastern Europe, the Middle East and
Western Asia [55-57]. India has always been considered at high risk for CCHF, owing to its borders with
affected countries such as China and Pakistan. In the 1960, the virus was first isolated from ticks in Pakistan and
first reported human case occurred in Rawalpindi in 1976 [58, 59]. An outbreak with 19 cases and 12 deaths was
reported from Takhar Province in the northern part of Afghanistan in March 1998 [60]. In Iran, CCHF was first
isolated in 1978 and the disease re-emerged in 1999, with high case fatality [61, 62]. In China, CCHF was first
isolated in 1965 from a human case and later, in 1984, from H. asiaticum ticks from the same region of Xinjiang
province in north-western China, which is considered to be the most CCHF-affected area in the country [63].
Until 2011, the existence of CCHF was not known in India, apart from some serological evidence recorded in
the past [64]. Serological evidence of the presence of CCHF in India was reported by screening for HlI
antibodies in animal sera from Jammu and Kashmir, the western border districts, southern regions and
Maharashtra state [64, 65]. During December 2010, just prior to the CCHF outbreak, blood samples were
collected by NIV, Pune, to examine livestock from abattoirs in the northern adjoining state of Rajasthan and
some more distant areas of Maharashtra and West Bengal states [43].

The presence of CCHF disease was confirmed for the first time in India during a nosocomial outbreak, in

Ahmadabad district, Gujarat state [43]. After its confirmation in India, sporadic cases of CCHF were reported in
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2011-2012 [44]. During the period of 23 June to 25 July 2013, a cluster of suspected VHF cases were reported
in Karyana village, Amreli district and, simultaneously, sporadic cases were recorded from Surendra Nagar,
Patan district and Kutch district, Gujarat state [44].

2.2.3 Signs and symptoms

The incubation period is 3-7 days. The signs and symptoms may be seen from 5 to 6 days later the direct
contact with viraemic livestock or CCHF patients. Typically, the disease pursues a four phase course incubation,
pre-haemorrhagic and haemorrhagic phases, and convalescence phase

The CCHF mostly show leukopenia, thrombocytopenia, elevated liver enzymes and prolonged blood
coagulation times [42, 43]. High viral load is also associated with a fatal outcome [66]. Approximately 5 to 7
days after the onset of the disease, haemorrhagic manifestations are observed mainly petechiae, epistaxis,
haematomas and vaginal bleeding. Death usually occurs between 5 and 7 day of illness. The first phase includes
a few days of fever, tiredness, headache and muscle pain, followed by a long asymptomatic period.

After that phase, the first signs that the central nervous system has been start appearing including meningitis,
encephalitis and myelitis, which can lead to neurological sequel and in a few cases even death may occurred.
Patients with serious illness can show signs of shock or coma, involving neurological symptoms like delirium
and convulsions [42, 43]. The haemorrhagic period is short but rapidly progresses and typically begins at the
third to fifth day of the illness. Bleeding commonly from the nose, gastrointestinal system, urinary tract,
respiratory tract and other sites including the vagina, gingival bleeding, cerebral haemorrhage and bleeding from
unexpected sites has been reported.

The convalescence period begins 10-20 days after the onset of disease. It is characterized by labile pulse,
tachycardia, temporary complete loss of hair, polyneuritis, difficulty in breathing, poor vision, loss of hearing
and loss of memory [66, 67].

2.2.4 Diagnosis

Laboratory diagnosis of the disease is recognized by molecular methods. Indirect immuno-fluorescence assay or
ELISA tests are carried out for the detection of IgM and IgG antibodies [68-70]. For the rapid diagnosis of
CCHFYV infections real-time RT-PCR is the test of choice in the acute phase [42]. The isolation of CCHFV
requires a high-containment BSL-4 laboratory. The Gujarat Government has planned to upgrade laboratories to
provide CCHF diagnosis, with proper biosafety precautions and handling of these samples, after training and
acquisition of all the required biosafety equipment.

2.2.5 Treatment

There is no specific treatment for CCHF. A vaccine based on formalin-inactivated suckling mouse brain, which
is not yet approved by the Food and Drug Administration of the USA (FDA) , has been used in Bulgaria and the
former Soviet Union [71]. Since no specific treatment is available, supportive treatment includes careful fluid
and electrolyte balance, monitoring and replacement with platelets, fresh frozen plasma and erythrocyte
preparations [72]. The effect of ribavirin is still controversial but is at present the only antiviral agent with
promising effect this drug has not been approved for the treatment of CCHF by the FDA [52, 73, 74]. It was
observed that CCHF cases in India supported the use of ribavirin [75].
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2.2.6 Prevention and control
2.2.6.1 In the hospital setting

7

+¢ Isolate the patient in a room that is separate from other patients in the hospital.

>

-

*,

» Medical staff handling the patient should wear gloves and a gown, to avoid direct contact with the patient.

0

+¢ Clinical procedures that are likely to cause spraying of bodily fluids should be avoided, or only performed by

>

>

medical staff wearing a face shield, or a mask and eye goggles.

.

D)

» Bleach can be used for disinfection. Alternatively, 5% Lysol may be used.

>

2.2.6.2 In the family/community setting

+«+ Family members and friends who had direct contact with the patient should be monitored for 14 days, for
onset of a febrile illness.

2.2.6.3 Dead body disposal

¢ Rubber gloves or double surgical gloves should be used for handling the dead body. The persons handling
the dead body in hospitals should also wear a mask and use personal protective equipment.

+¢+ The dead body should be sprayed with 1:10 liquid bleach. It should then be wrapped with a winding sheet,
which is then sprayed with bleach solution.

+«+ The wrapped and bleached body should be placed in a plastic bag, which is then sealed with adhesive tape
before transport.

++ The ambulance/transport vehicle should also be disinfected after use.
Thus, control measures should be mainly focused on tick control in outbreak areas and on personal protective

measures for persons caring for CCHF patients [75-77].

I11. DISCUSSION

Vector-borne diseases have emerged as a serious public health problem in countries of the South-East Asia,
including India. Many emerging tick born disease have spread globally at the human—animal interface [78].
India has a high-risk area for outbreaks of emerging and new diseases due to the increased population,
urbanization, international travel, and change in agricultural practices, environmental factors, change in lifestyle,
deforestation, close contact of animals, and a porous international border [79].

Vector-borne diseases now occur in epidemic form on an almost annual basis, causing considerable morbidity
and mortality [37]. All these have impact not only on public health but also on the livelihood and economy of
affected countries. To deal with this kind of emergency situation a network of laboratories, trained laboratory
staff, more high containment diagnostic laboratories, surveillance programmes, modern equipment and trained
medical professionals are required. KFD was originally assumed to be limited only to Karnataka state, but there
is now evidence of its spread. Similarly, CCHF is not restricted to one district but human positivity has now
been recorded in seven districts [44]. To deal with these deadly diseases, strengthening of public health system
networking for reporting and circulating information, with participation and education of the general public in

the country is required.
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IV. CONCLUSION

KFD and CCHF are both of high importance disease and observed almost every year in Karnataka and Gujarat

states, respectively. Internationally, KFDV is ranked as one of the highest risk categories of pathogens

belonging to Bio Safety Level-4 and has thus serious biosafety concern. Future research priorities for the control

of KFD include understanding reasons for the vaccine’s low coverage, studying the long-term protection offered

by booster doses, and evaluating the appropriateness of the vaccination strategy. Future research also needs to

focus on further refining what constitutes a vaccine candidate in order to make the vaccine more effective and

avoid the need for periodic boosters. Further, more molecular studies are needed to understand the mechanism

of evolution of virulence in KFDV and CCHFV. Such understanding will go a long way towards development

of more efficacious KFD vaccines and control of KFD and CCHF disease.
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