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Kyasanur Forest Disease in India: innovative options for intervention
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ABSTRACT
Kyasanur Forest Disease (KFD) is a tick-borne hemorrhagic fever of human, caused by Kyasanur forest
disease virus (KFDV) in India. The tick, Haemaphysalis spinigera, has been incriminated as the vector of
KFDV. In human, KFD clinically presents with high fever, frontal headache, and severe myalgia, followed
by bleeding from the nasal cavity, throat, gingivae, and in some cases, gastrointestinal tract. The
mortality rate in KFDV infected cases is estimated to be 3–10%. Monkeys infected with the virus also
develop the disease and die. Though the incidence of KFD was found to be confined only to the sylvatic
area of Shimoga district in Karnataka state in India during 1967, recent reports indicate its expanding
potential to the neighboring states such as Kerala, Tamil Nadu, and Goa. The administration of an
indigenous, inactivated tissue culture vaccine was found to drastically decrease the percentage of
incidence; however, the recurrence of KFD in vaccinated subjects warrants innovative strategies for
effective control of the infection. The present communication proposes and discusses innovative
intervention strategies for the effective prevention and control of KFD in India.
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Kyasanur Forest Disease (KFD), a tick-borne hemorrhagic
fever of man, is caused by KFD virus (KFDV) belonging to
the family Flaviviridae. Haemaphysalis spinigera, a highly
anthropophagic tick, is the vector of KFDV. KFD in humans
presents with high fever, frontal headache, and severe myalgia,
followed by bleeding from the nasal cavity, throat, gingivae,
and in some cases, gastrointestinal tract. Humans are dead-end
hosts of the virus. Earlier, the incidence of KFD was limited
only to Shimoga forest, Karnataka state but now, new cases
have recently been detected in the neighboring districts of the
Western Ghats, namely Chamarajanagar district in Karnataka,
Nilgiri district in Tamil Nadu, Wayanad and Malappuram
districts in Kerala, and Pali village in Goa (Figure 1).1 The
widespread circulation of KFDV through serological evidence
has already been documented in many Indian provinces
(Gujarat, Rajasthan, Maharashtra, West Bengal, Tamil Nadu,
and Andaman and Nicobar Islands).2 In the enzootic cycle,
KFDV circulates through small mammals (rodents, shrews,
ground birds, etc.) and ticks. KFDV was also isolated from
the insectivorous bat, Rhinolophus rouxi. Monkeys, predomi-
nantly, the black-faced langur (Presbytis entellus) and the red-
faced bonnet monkey (Macaca radiata) are also susceptible to
KFDV, similar to humans. After the death of the infected
monkeys, ticks droop down and feed on carrion and form
a potential hotspot for further transmission to human. A man
encounters KFDV infection by entering the hotspot area or
while clearing the moribund monkeys in the forest.3 The mor-
tality rate in KFD infected cases is about 3–10%. The expanding
potential of KFDV indicates the possibility of becoming
a potential public health threat in India as well as the neighbor-
ing countries.

KFDV virus is a single-stranded, positive-sense RNA virus
belonging to the family Flaviviridae. The virus genome is 11 kb
in size and encodes for three structural, namely, capsid,
envelop, and membrane (C, E, and M) and seven non-
structural proteins (NS1, NS2a, 2b, NS3, NS4a, 4b, and NS5).
KFDV, though antigenically related to the tick-borne encepha-
litis virus sero-complex, has been shown genetically to have
97% homology with Alkhurma Hemorrhagic fever virus, recov-
ered in Jeddah, Saudi Arabia.4 The virus can be isolated from
clinical specimens, i.e., from serum of virus-infected man and
monkeys or from the infected vector ticks by inoculating in
infant mice or Vero E6, BHK–21 or Chick embryo cells.

KFDV is controlled by the application of pesticides, such as
acaricides, which are effective against ticks and mites. In the
KFD affected area, acaricides are applied around the 5-meter
circle of the spot where infected and dead monkeys are found
or reported to have been found. Additionally, intramuscular
administration of formalin-inactivated indigenous tissue-
culture KFD vaccine to the susceptible population has been
found to drastically reduce the percentage of incidences. The
vaccination schedule includes administration of two doses to
7–65 year age group in one month apart. As the vaccine-
induced immunity is short-lived, the first booster dose is
recommended in about 6–9 months after the primary vaccina-
tion; thereafter, administration of annual booster dose is
recommended for five years after the last confirmed case in
the area.5 However, recent data show recurrence of KFD cases
even in the vaccinated subjects, which may probably be due to
the sub-optimal efficacy of the current vaccine or vaccination
protocol.5,6 Possible variants of the circulating virus and low
acceptance of vaccine by the community, due to adverse effects,
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could also lead to recurrence. Additionally, the vaccine-
associated side effects, such as pain, and administration of
booster doses for five years are also believed to be some of
the potential discouraging factors that might affect the vaccine
acceptability. The current vaccination strategy covers the
administration of the vaccine to the susceptible group in
5 km radius of the KFD reported area. However, the appear-
ance of the cases at locations more than 5 km apart from the
affected area indicates the need for revising the ongoing vacci-
nation strategy. Moreover, the movement of KFDV infected
monkeys to the nearby areas in the forest may spread the virus
to the unvaccinated population and render them susceptible to
KFDV infection. Hence, there is an urgent need for developing
innovative next generation KFD control strategies.

Under the genera Haemaphysalis, a total of 167 species
have been recorded around the world and about 40 of them
exist in India. Though Haemaphysalis turturis and
H. spinigera both are the main vectors of KFDV, around
95% of virus isolations have been done from H. spinigera
ticks. The vector H. spinigera is distributed in India, Sri
Lanka, and Vietnam. The adult stages of the vector
H. spinigera is multi-host and usually feed on large animals
like cattle, monkeys, birds, etc., and are not involved in virus
transmission to humans due to low viremia. Human gets an
infection mostly by the bite of virus-infected nymphs. Small
mammals such as rodents and shrews have been considered as
the reservoir of the virus since they are also susceptible to

KFDV infection and capable of developing low-level viremia
and transmitting the pathogen to bloodsucking ticks. Though
KFDV had been in circulation through “enzootic cycle”
among ticks and small mammals, infection in monkeys and
their subsequent death started before the appearance of
human cases. Monkeys were found to show a high titer of
KFDV which facilitated further transmission to man. The
studies undertaken in the past have clearly shown the signifi-
cant role played by the nymphal stage of the tick in the
transmission of the virus to humans, as epidemics of KFD
and high nymphal activity have been reported to occur simul-
taneously. The high nymphal activity of the vector is recorded
during January–May. Human cases of KFD appear during the
post-monsoon season in the affected areas and such inci-
dences can be correlated with the death of infected monkeys
and the appearance of human KFD cases. This also explains
the essential role of monkeys in triggering KFD in humans in
the affected areas. Among the KFDV infected clinical cases,
80% of them recover with no consequences and around 20%
develop biphasic symptoms. In some cases, few patients also
suffer from hemorrhagic manifestations or neurological
sequelae.7 Among the recovered patients, long term or per-
manent sequelae are rare. The incidence of confirmed cases of
KFD in humans, the death of infected monkeys, and virus
activity in the vector are reported every year in Karnataka and
are also being reported recently from the adjoining States of
Kerala and Tamil Nadu.1 The attack rate from different out-
breaks has been found to range from 2–20% and estimated
400–500 cases of KFD occur every year.8 The case fatality rate
is estimated to be 3–10%.9 Hence, it is appropriate to design
prevention and control strategies by targeting the monkey-
tick contact that usually precedes human infections.

The available options for the intervention of KFD are
shown in Figure 2.

Following are the possible strategies:
Strategy 1: to intervene at the monkey-vector contact.
Strategy 2: to intervene at the man-vector contacts.
or
A common prevention strategy targeting both man and

monkey to curtail KFDV transmission.
By careful analysis of the epidemiology, it is obvious that

the option available for prevention and control of KFDV is to
ultimately interrupt the man-vector contact. Recent reports
also indicate the requirement of a highly effective anti-KFD
vaccine for human use.

As tick vector gets sufficient KFDV load from monkeys,
the intervention of monkey-tick contact could be a potential
point for targeting and implementing prevention and control
strategies. Therefore, new interventions could be planned to
prevent ticks from receiving high KFDV titer from monkeys
for further transmission to human. At the same time, to be on
the safer side humans should also be vaccinated against KFDV
as they stride through the forest. However, the development
of two sets of vaccines would be an expensive process.

The present communication proposes two strategies for the
prevention and control of ticks and tick-borne infections. The
first strategy proposes the development of a common and
safe, preferably an edible KFDV vaccine for vaccinating both
man and the non-human primates. The aim of proposing

Figure 1. Map showing the expanding potential of Kyasanur forest disease
along the Western Ghats, India.
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administration of an edible vaccine to monkeys through
appropriate baits in the hot spot areas before the onset of
nymphal activity (August to October) is to decrease the trans-
mission of the pathogen from the infected and vaccinated
monkeys to humans.

The concept of immunizing wild animals such as red fox,
raccoons, grey foxes, and coyotesetc through baited rabies
vaccine is already in practice in the Americas and Europe.10

The success story documents dropping of chicken head baited
with rabies vaccine in the areas covering about 2.36 million
km2 in nine countries in Western and Central Europe for the
rabies elimination in wild animals.11

Therefore, targeting the area of the Western Ghats of about
60,000 km2 (62,000 sq mi) for dropping oral KFD vaccine is

practically possible.12 However, the areas for dropping the
vaccine will need to be precisely determined. The administra-
tion of the vaccine to monkeys once a year would be suffi-
cient. At the same time, mopping up exercise may also be
carried out as and when required in the areas where KFD
cases are detected. The proposal of edible vaccine develop-
ment for KFD control seems to be a practical long term
strategy. Though the development of such a vaccine will
probably take more than a decade, if possible. The develop-
ment of an effective rabies vaccine from an injectable to an
edible form took long term inputs of R&D activities.
Meanwhile, the efforts on the development of an effective
vaccine using other feasible technologies may be encouraged.
Strategy 1 of dual vaccination is shown in Figure 3a.

Figure 2. Schematic description of KFD control targets for the proposed strategies.

Figure 3. a. Schematic illustration showing KFD control Statergy 1.
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A combined approach for vaccinating human and monkeys
with an edible anti-KFD vaccine could be expected to protect
them against KFD infection. The vaccine can protect monkeys
from KFDV infection and curtail its further transmission to
human through ticks. At the same time, an edible vaccine can
also be used to immunize humans against KFDV.

On the other hand, Strategy 2 of developing an edible
chimeric vaccine (anti KFDV and anti-tick multi antigenic
epitope peptides) for monkeys only could be a better option.
This, in addition, will also reduce ticks as well as tick-borne
infections. However, the chimeric vaccine with anti-tick anti-
genic peptide will not be suitable for the human purpose and
a separate potential KFDV vaccine will need to be developed.
Strategy 2 is illustrated in Figure 3b. Similar to the develop-
ment of an edible KFD vaccine, developing a successful anti-
tick vaccine against KFDV vector will be a challenging and
time-consuming venture. Since discovering the anti-tick anti-
gens is difficult and needs a long time. The successful anti-tick
vaccine could also be advantageous in controlling other
potential tick-borne rickettsial and viral infections. As the
application of multiple vaccines has already been proved to
be effective for several infectious diseases, the exploitation of
the proposed strategy cannot be overruled.

The advantages of immunizing monkeys and man with
a common edible vaccine are as follows:

(1) The wild population of susceptible monkeys will be
protected from the transmission of KFDV through
tick bites,

(2) KFD transmission to human from virus infected
monkeys via ticks will be curtailed.

(3) Vaccinated susceptible humans will acquire immu-
nity against KFDV by the common vaccine as
a personal protection measure.

(4) As an edible vaccine, its acceptance and compliance
are expected to be higher.

There is an argument that how to vaccinate monkeys
which are freely living in the forest and are habitually moving
from one place to other frequently in the forest. Vaccinating
monkeys with an edible vaccine through bait is expected to be
advantageous in the long run as the average life span of
monkeys (Presbytis entellus and Macaca radiata) is above
30 years, which is an advantage for vaccination as the immu-
nity of the vaccinated herd would sustain for a considerable
long period. Along with this, a well-designed model of KFD
spread in the Western Ghats needs to be developed.

Alkhurma hemorrhagic fever virus causes clinical symptoms
in humans that include gastroenteric as well as CNS manifesta-
tions with an estimated case fatality rate of less than 0.5%.13 On
the other hand, no clinical severity or case fatality due to
Nanjianyin virus, a variant of KFDV, has been documented,
except the single isolation from a patient with fever in Yunnan
Province, China, in 1989. Moreover, its distribution was
demonstrated by the serological evidence in residents of the
Hengduan Mountain region of Yunnan Province, China.14

Though the problems of closely related variants such as
Alkhurma and Nanjianyin virus have been documented in
Saudi Arabia and China, respectively, KFD is largely restricted
to India. Hence, a KFD consortium on “MISSION MODE”
needs to be urgently constituted in order to conduct research
for developing an intervention strategy for KFD in India.

The broad priority research areas are as follows (Figure 4);

1. Development of safer diagnostics enabling
detection of the infected human subjects and vectors
for routine surveillance

Innovative approaches such as exploitation of synthetic multi
antigenic peptides for virus-based diagnostics should be
attempted for developing a safer and rapid point of care assay.
Such a safer assay may be helpful in routine surveillance of KFD
in vectors as well as in humans in India at the hotspots of the

Figure 3. b. Schematic illustration showing KFD control Strategy 2.
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disease. The availability of diagnostic assays will be helpful in
mapping the extent of pathogen distribution, diversity if any, by
conducting a large scale screening in the country.

2. Development of an effective vaccine for the
prevention and control of KFD

As KFDV vaccinated subjects have been observed to experi-
ence the occurrence of the disease, the effectiveness of
existing vaccine needs to be re-looked. This may be due to
the circulation of virus variants or low coverage or less
vaccine acceptance by the community due to the adverse
effects such as severe pain. Hence, efforts should be under-
taken for developing better vaccines and the innovative
approaches, such as using recombinant subunit or chimeric
strategy, may be attempted as suggested by Pattnaik
(2006).15 However, the most promising approaches could
be the cell culture-based live attenuated virus similar to
the successful 17 D Yellow fever vaccine. The successful
flavivirus vaccines currently available on the market are
summarized in Table 1. Many of the flavivirus vaccines

using novel strategies are in pipeline.16 Hence, efforts for
developing an effective vaccine for a human with novel
strategies should be encouraged.

3. Vector control strategies

The emerging symbiotic organism based biocontrol system for
ticks could also be explored. Multi tick peptide-based vaccines
could be a potential strategy for controlling ticks by immunizing
monkeys and cattle, which will help in reducing the tick infes-
tation of monkeys and cattle thereby reducing the risk of trans-
porting and transmission of zoonotic pathogen infected ticks.
The reverse vaccinological approaches may be attempted by
exploring the valuable genomic information available for ticks
in order to identify highly immunogenic multiple antigenic
peptides, as the promising efforts are already underway.17

The proposed strategy of developing a common edible
KFD vaccine with a dual-purpose, i.e., immunizing non-
human primates and humans would be advantageous over
the conventional strategy of a vaccine targeting human only
in the view of the cost, and time required. The combined

Kyasanur Forest Disease
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Figure 4. The broad priority research areas to control KFD.

Table 1. List of successful flavivirus vaccines commercially available on the market.

Disease Commercial Name of Vaccine Vaccine Type Manufacturer Countries available

Yellow Fever 17DD Live attenuated Bio-Manguinhos, Brazil Brazil
17D–204 (Stamaril® in
Senegal)

Sanofi Pasteur France France
Chumakov Institute of
Poliomyelitis and Viral
Encephalitides (IPVE), Moscow

Russia

17D–204
YF-VAX®

Sanofi Pasteur, USA USA

17D–204
Yellow Fever Vaccine (live)

Beijing Tiantan Biological
Products, China

China

Japanese encephalitis IXIARO®
(SA14–14–2)

Inactivated Valneva SE (France), Biological
E (India)

Europe, USA, Canada, Hong Kong,
Singapore, and Israel,
Norway, Liechtenstein, and Iceland.

JESPECT® Inactivated Australia and New Zealand
CD. JEVAXTM (SA14–14–2) Live attenuated Chengdu Institute of Biological

Products (China)
China, Cambodia, North Korea, India,
Laos, Myanmar, Nepal, South Korea, Sri
Lanka, and Thailand.

IMOJEV® Live attenuated Chimeric
vaccine
(prM/E genes replaced YFV–
17D genes)

Sanofi Pasteur (France) Australia
THAIJEV® Thailand

Tick-borne
encephalitis

FSME-IMMUNE Inactivated Pfizer Vienna and Austria
Encepur GlaxoSmithKline Germany
TBE-MOSCOW Chumakov Institute of

Poliomyelitis and Viral
Encephalitides (IPVE),Moscow

Russia

EnceVir Microgen, Tomsk, Russia Russia
CIBP Changchun Institute of

Biological Products, China
China
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effect of vaccinating non-human primates would also help in
decreasing the death of monkeys as well as curtailing further
KFDV transmission to humans. The proposed strategy would
complement the ongoing prevention and control measures
against KFD in the country, as integrated control approach
would always be required along with the proposed strategy for
the effective prevention and control of KFD in India.
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