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Table A: Details of the current management practices recommended for preventing human cases of KFD in the Western Ghats area of India. Current
management practices undertaken to prevent human cases of KFD were identified based on a number of guidance documents and sources originating
from the National Centre for Disease Control and the Department of Health and Family Welfare Services: a guidance bulletin (1), a manual of KFD
(2). The management type indicates whether the measure targets reservoir hosts, vectors or human hosts and which barrier to human spillover the
management addresses (see Figure 1 in the main paper). We detail the main assumptions underpinning the management advice in terms of how such
practice would reduce human transmission via infected tick bites, review the empirical support for the assumptions made. We detail responses from
key informant interviews undertaken within the KFD endemic area, relating to how the current management recommendations for preventing human
cases of KFD are being applied in the field in order to illustrate challenges or misconceptions associated with management practices. Finally, based on

the balance of supporting empirical evidence, we recommend whether the current management practice is justified or could be improved.
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Management | Current Assumptions and Empirical evidence Exemplar quotations from key informant Is management justified? Can
Type (barrier | management rationale behind interviews with disease managers on how management be refined and improved
to spill-over) | recommendation | management management recommendations are
guidance currently being applied in the field

Tick bite Personal Covering up the body | Yes, this is a well-endorsed practice for “...Nobody [affected groups] wears shoes or Yes but further education is needed
prevention protection will prevent tick bites | tick prevention. The World Health anything and you apply the oil also, it is only as this strategy alone will not prevent
through measures should Organisation (WHO) recommend that going to be protective for 3 to 4 hours but tick bites. The advice needs to be
protective be taken (long clothing provides some protection if, for these people go in the morning and come in updated to highlight the need to cover
measures clothes covering example, trousers are tucked into boots the night, so, no oil is going to work...” the feet and ankles, and that clothing

neck, chest, or socks and if shirts are tucked into needs to form a continuous protective
(Human back, and legs) trousers. However, there is strong barrier by e.g. tucking trousers into
hosts: before going to evidence that clothes and clothing socks, shirts into trousers. We
human the forest. impregnated with repellents provide recommend an integrated approach-
activities in more protection than simply covering up use of protective clothing and tick
ecosystems (3). repellents, checking the entire body
and spill- daily after having been in tick-infested
over host habitats, and prompt and effective
exposure to removal of any attached ticks.
vectors)
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Management
Type (barrier
to spill-over)

Current
management
recommendation

Assumptions and
rationale behind
management
guidance

Empirical evidence

Exemplar quotations from key informant
interviews with disease managers on how
management recommendations are
currently being applied in the field

Is management justified? Can
management be refined and improved

Tick bite
prevention
through
protective
measures

(Human
hosts:
human
activities in
ecosystems
and spill-
over host
exposure to
vectors)

People living in
the forest or
visiting forest
areas should use
tick repellents
(DMP oil, DEET,
local herbs)
before going to
the forest.
Permethrin-
based repellents
should be used
on clothing

Applying repellents
will prevent tick bites

Yes, the use of repellents is well
established and endorsed. The WHO
recommend effective repellents that
prevent ticks from attaching to the body
include DEET, dimethyl phthalate, benzyl
benzoate, dimethyl carbamate and
indalone (3); and the U.S. Centres for
Disease Control and Prevention
recommend permethrin based repellents
on clothing and 220% DEET on skin (4).
Repellents may last longer if applied to
clothing. However, both permethrin and
DEET-based repellents are not be widely
available in India and are prohibitively
expensive. Local repellents vary in
efficacy and there is currently no local
guidance on when and how often to
apply. DMP oil is distributed in areas
where KFDV has previously been
reported but is not very effective (5). Use
of natural repellents has been reported
in some areas of the Western Ghats (6)
but efficacy is unknown. Repellents do
not last more than a few hours when
applied directly to the skin due to
sweating, absorption and abrasion.

“..We ask them to apply DMP oil whenever
they go to forest; | think few people... hardly
20% follow the precautions we suggest during
outbreaks.”

“...Nobody [affected groups] wears shoes or
anything and you apply the oil also, it is only
going to be protective for 3 to 4 hours but
these people go in the morning and come in
the night, so, no oil is going to work...”

“We are also trying to create habits on that
but why should we do pressurise so much on
them, we know that it is tick repellent and
even mosquito repellent..., it is good if it is
used regularly, even if you say all this, they
don’t use it. So, we have not understood why
that gap still exists.”

Yes but further education is needed
as this strategy alone will not prevent
tick bites and the provided repellents
are not very effective (DMP oil). We
recommend an integrated approach-
use of protective clothing and tick
repellents, checking the entire body
daily after having been in risky
habitats, and prompt and effective
removal of any attached ticks.
Although there is evidence that
forests have high tick densities, there
is risk of tick-bites in other habitats
too and this needs to be made clear.
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current guidance is misleading because it
leads to the widespread belief that taking
a shower will remove ticks and hence
reduce the need for other protective
measures such as daily body checks, or
use of repellents.

Management | Current Assumptions and Empirical evidence Exemplar quotations from key informant Is management justified? Can
Type (barrier | management rationale behind interviews with disease managers on how management be refined and improved
to spill-over) | recommendation | management management recommendations are
guidance currently being applied in the field

Tick bite People should Washing clothes and Yes, the removal and washing of Yes regarding washing of clothes but
prevention wash their body will remove potentially contaminated clothes is a well this will not be completely effective.
through clothes and body | ticks endorsed recommendation. The WHO Need to also warn people not to bring
protective with hot water recommends that clothing should be potentially contaminated clothes
measures and soap after removed and examined for the presence inside their homes and to have clear

returning from of ticks after a tick-infested area has recommendations on how long
(Human the forest. been visited (3). However, there is clothes should be hung up outside to
hosts: evidence that ticks can survive even after ensure they are tick-free. Is important
human washing clothes using washing machines to quantify how far any surviving ticks
activities in and dryers (7,8). Most households in are able to move if they drop off
ecosystems rural India hand-wash clothes in cold contaminated laundry. Thereis a
and spill- water, which will be ineffective at need to educate people in how to
over host removing ticks. Washing the body may check their bodies for ticks and safely
exposure to remove unattached ticks but will not remove them after having entered
vectors) remove attached ones. Moreover, tick-infested habitats, and to warn

them that showering will not remove
attached ticks. Health centres
recommended to distribute tools for
safe removal of ticks.
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Management
Type (barrier
to spill-over)

Current
management
recommendation

Assumptions and
rationale behind
management
guidance

Empirical evidence

Exemplar quotations from key informant
interviews with disease managers on how
management recommendations are
currently being applied in the field

Is management justified? Can
management be refined and improved

Reduction of
ticks in
habitat

(vectors:
vector host
associations
and contact
rates with
reservoirs)

The application
of insecticide
(Malathion) may
be carried out in
areas where
monkey deaths
have been
reported within
a radius of 50
feet around the
spot of the
monkey death. It
is also effective
on forest tracks
frequently
visited by people
for various
activities.

Assumes that the
main risk for humans
in being bitten by
infected ticks arises at
a hotspot where ticks
may leave a dying or
dead monkey with
high KFDV viraemia.
The purpose of
insecticide application
is to kill both partially
fed and fully fed ticks
(which may moult
into infected nymph).

KFDV-infected monkeys are known to
have high titres of virus (9) and so are
likely to bear infected ticks. There is
evidence that engorged ticks can move
up to 30cm (10) but no empirical data
exists on whether and how successfully
interrupted feeding occurs in the species
of tick most commonly found to transmit
KFDV.

Partially-fed ticks infected with KFDV
have been found at sites of monkey-
deaths, but experimental transmission
studies suggest that these have limited
potential to transmit virus by feeding on
a second host (11). Indeed, such
interrupted feeding (intra-stadial
feeding) has only rarely been recorded in
other tick-borne disease systems and
most often under laboratory conditions,
for example in Rhipicephalus spp.
(12,13). There is therefore no direct
empirical evidence that locations of
monkey deaths are hotspots of host-
seeking infected ticks capable of
transmitting the virus to humans.

Intervention is not currently justified,
further empirical evidence is needed
to address whether this is a valid
management practice. Humans are
mainly infected by nymphal ticks (14).
For the dead monkey to constitute an
infection risk to humans, either
infected partially-fed nymphs must be
leaving the dead monkey and
searching for a new host (which
assumes that intra-stadial feeding is
occurring) or infected larvae, infected
either by co-feeding or systemically,
leave the dead monkey and then pose
a risk to humans after they have
moulted to become nymphs and seek
new hosts. Management currently
assumes that the focal risk arises from
ticks leaving the dead monkey- if no
questing behaviour is occurring in
partially-fed nymphs then the likely
rate of potentially infected and viable
ticks arising from the host is no
greater than for any suitable habitat
where the monkey has spent time.
Additionally, there is evidence from
tick populations in other parts of India
that malathion resistance can be an
issue in tick control and also that
malathion can have implications for
human and animal health, such as
limited evidence it can increase cancer
risk (15).
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Management | Current Assumptions and Empirical evidence Exemplar quotations from key informant Is management justified? Can
Type (barrier | management rationale behind interviews with disease managers on how management be refined and improved
to spill-over) | recommendation | management management recommendations are
guidance currently being applied in the field

Prevention Application of Cattle have high tick Cattle are known to have high tick loads, “...When pet animals visit the forest, not only | No, because it is currently unknown
of tick bites insecticide on loads and are capable | including high loads of feeding adults and | buffalo, rat and dog also, they have a chance | whether cattle may be acting as tick
on livestock cattle can of moving infected including H. spinigera, although the to carry ticks on their body, those nymph (and indirectly disease) amplifiers or

prevent ticks from high-risk most common tick species found on stage ticks become adult. In this situation, whether they are acting to dilute
(vectors: transportation of | habitats such as cattle have not been incriminated in the veterinary department helps to control the infection risk. Cattle may be moving
vector ticks from forests into the KFDV transmission cycle (16,17). Hence, adult tick by applying chemical [acaricides] infected ticks to human habitations.
density, forests to vicinity of human cattle may act both as an amplifier of tick | on the animal body.” Cattle have high tick infestation levels
distributions, | dwelling habitation. Tick loads | numbers and as a disperser of ticks (particularly adults, with fully fed
habitats and premises. on cattle will be between habitats. “We said to people that do not leave the | females capable of laying thousands of

behaviour)

reduced by the
application of
appropriate
acaricides.

Handling of cattle was also identified as a
significant risk factor associated with
human KFD infection in a case-control
study from the 2011-12 outbreak (18).

However, conversely cattle may act to
dilute KFDV infection. Cattle themselves
do not show systemic infection with
KFDV (19). There is evidence from other
systems that increased density of
ungulate hosts which can amplify ticks
but don’t have systemic infection, may
dilute pathogen transmission by diverting
tick bites from competent hosts (20,21).

Acaricides are used widely globally to
reduce tick loads on cattle, however,
effectiveness depends on the substance
used, the species of ticks being targeted
and on whether there is acaricide-
resistance in tick populations (see review
by (22)).

cattle to the forest because they carry ticks to
home so that leads to disease. Though it
[KFDV] does not come from adult ticks still
that is a carrier, that lie egg, that multiply and
increase in their count. Fodder shortage
problem happen because animals did not
leave to the forest.”

“See, now animals go to forest for grazing and
comes back to home, for that anti tick
measures should be taken because ticks
might come from cattle also...”

eggs and giving rise to hotspots of
larval ticks) and large activity ranges.
They may be maintaining high tick
densities in habitats around villages,
leading to higher vector availability for
hosts that can potentially transmit
KFDV.

Although acaricides can reduce tick
burdens on cattle, there may be issues
with resistance to these pesticides
(22). There is also a need for clear
guidance on the choice of appropriate
acaricide and/or repellent for
livestock, and frequency of
application.
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Management
Type (barrier
to spill-over)

Current
management
recommendation

Assumptions and
rationale behind
management
guidance

Empirical evidence

Exemplar quotations from key informant
interviews with disease managers on how
management recommendations are
currently being applied in the field

Is management justified? Can
management be refined and improved

Reduction of
ticks in
habitat

(vectors:
vector
density,
distributions,
habitats and
behaviour)

Controlled
burning of the
dry leaves and
bushes in the
forest
boundaries,
premises of
human habitats.

Assumes burning of
vegetation will reduce
tick densities and
prevent human
transmission of KFDV.

Evidence on whether burning reduces
tick densities in other systems is mixed.
In general, there is evidence that
repeated burning can reduce tick
densities in the long-term. For example,
(23) found that repeated burning does
not reduce pathogen prevalence but did
reduce tick encounter rates and thus
lower risk of pathogen transmission in
the USA. However, vector and host
responses to fire may be complex and
difficult to predict. A study of natural
wildfires in California found that questing
tick densities were higher in the year
following the fire with declines in
subsequent years (24). There is a risk
that burning may increase tick density in
the short-term, or could potentially lead
to altered host movements that may
increase infection risk.

Management is not justified as is not
supported by empirical evidence, with
no robust studies of the impacts of
burning regimes on tick species
implicated in KFDV transmission
having been undertaken in India. The
outcomes of prescribed burning can
be difficult to predict and could
potentially increase human infection
risk in the short-term. Burning may
also alter vegetation structure and
proportion of invasive plant species,
and has been used in some areas to
remove local forest and make areas
easier to convert to agricultural land,
potentially increasing tick densities in
the longer-term. Moreover, it has
been suggested that increased
frequency of fires represents a
persistent conservation threat to
forest ecosystems in the Western
Ghats (25)
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Management | Current Assumptions and Empirical evidence Exemplar quotations from key informant Is management justified? Can
Type (barrier | management rationale behind interviews with disease managers on how management be refined and improved
to spill-over) | recommendation | management management recommendations are

guidance currently being applied in the field

Reduction of
ticks in
habitat

(vectors:
vector
density,
distributions,
habitats and
behaviour)

Burning of
monkey carcass

Assumes that the
main risk for humans
being bitten by
infected ticks arises at
a hotspot where ticks
may leave a dying or
dead monkey with
high viraemia for
KFDV and that
burning of the
monkey carcass will
kill and thus prevent
ticks from leaving the
host. Also reduces
the likelihood for
transmission of other
potential pathogens
via contamination
from bodily fluids.

Monkeys are known to have high titres of
virus and so are likely to have infected
ticks and systemic infection (see above).

Yes, controlled burning is an effective
way of removing a potentially infected
carcass. However, there is a need for
robust, prompt and effective post-
mortem studies on freshly dead
monkeys in order to confirm infection
status and to collect ticks in order to
address empirical knowledge gaps
(see above), so co-ordination between
health and forest departments,
surveillance teams and locals is
necessary to establish best practice.
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Vaccination

(Human
hosts:
susceptibility
and
infection)

Vaccination is
conducted
within a 5km
radius of an area
which has
reported either a
positive human
or monkey case
of KFD or a
positive KFDV-
infected tick in
the past 5 years.
It is discontinued
if that area has
not reported any
KFDV positivity
for the past 5
years

Vaccination of people
in areas where KFD is
known to be a risk
will prevent human
cases of the disease.

Yes. The vaccine is known to give
protection against KFD if the correct dose
procedure is followed (26,27). However,
in recent outbreaks there is some
evidence that vaccine efficacy was
reduced compared to previous outbreaks
and there have been problems with poor
uptake of the vaccine in some areas
(27,28).

“...And vaccine, first dose immunity is only
33% of immunity, second dose you get
around 60%, booster dose you get around
80, after 5 doses, 5 years, you get about 90%
immunity.”

“As far as KFD is concerned, no definite
proper research has happened. We are
struggling with the age-old vaccine, which
was prepared in the 90s | think. We are going
with the same. We don’t know about the
strain change...the virus... Even the research
has not done. Even the cases which (who
were) vaccinated fully, also were
[relinfected. So, for that we need to do some
research on whether the prevalence has
changed it or not.”

“Only problem is with, in my view, the
vaccine... vaccine is the main hitches.
Because the acceptance of that vaccine is not
so... welcoming sign is not seen.” One more
point is the doses also. We need to give
multiple doses to get what we need. To get
some protection he/she needs to take full
course. After that every year he/she needs to
get booster dose for five years. Those are all
hitches. | think one single injection that can
protect the person for five years is needed. If
we invent such vaccines then we can contain
these measures, in my view.”

“..Where the vaccination is good, there
should be less number of cases... but still we
are seeing cases so... There that time we had
a doubt whether the vaccination is working
properly but | think it is not about the
vaccine only — the timing of the vaccine is
also important — like they have to take the
vaccine at the specified time otherwise the
potency of the vaccine would be decreased.”

Yes but targeting of areas could be
improved beyond responding to
outbreaks. Modelling ecological and
social factors linked to human disease
cases and barriers to vaccine uptake
can provide more tailored risk maps
and help target vaccination strategies.
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Management | Current Assumptions and Empirical evidence Exemplar quotations from key informant Is management justified? Can
Type (barrier | management rationale behind interviews with disease managers on how management be refined and improved
to spill-over) | recommendation | management management recommendations are
guidance currently being applied in the field
Education Educate villagers | This assumes that There is modelling evidence that forests “Sir, advising people to not go to forest is the | The current recommendation implies
to avoid the forests are the most may have high tick densities relative to most difficult part. Because their life is that forests are only risky if monkey
(Human forests areas risky habitats for other habitats (29) and evidence that dependent on going to the forest, so we are deaths are known to have occurred.
hosts: where monkeys ticks, particularly if human disease emergence was unable to prevent or change that behaviour. There is a need for further clarification
human have died. Don’t | they have been the associated with deforestation (30), but to educate people that forests may be
activities in visit the area location of monkey robust empirical systematic studies of “Awareness about KFD, they were aware risky habitats with or without monkey
ecosystems where recent deaths. Assumes that | tick habitat associations across a broad there is monkey disease, but very less people | deaths due to the high suitability of
and spill- monkey death the main risk for suite of habitat classes are lacking for the | were aware that this disease comes from tick | forests for supporting dense tick
over host has been humans being bitten Western Ghats. bite. That kind of awareness, even when we populations.
exposure to reported, by infected ticks surveyed in 2013 and 14, it was around only
vectors) especially an arises at a hotspot 48% or 52% awareness that it is transferred Recommendations to avoid forests
area where case | where ticks may leave by tick-bite. Otherwise others were telling need to be balanced with the fact that
of KFD has a dying or dead like it [KFDV] transmits by mosquito bite, it people depend on the forests for their

occurred in the
past.

monkey with high
KFDV viraemia.

comes from water, air and others.”

livelihoods and animal health through
the provision of animal fodder,
fertiliser and other forest products.
Thus, there is a requirement to find
effective personal protective
measures for humans and to
understand the role of livestock in the
KFDV cycle.

10
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Management | Current Assumptions and Empirical evidence Exemplar quotations from key informant Is management justified? Can
Type (barrier | management rationale behind interviews with disease managers on how management be refined and improved
to spill-over) | recommendation | management management recommendations are
guidance currently being applied in the field

Reduce Don’t bring the This assumes that See above. No empirical evidence testing | “Whatever you tell like don’t bring dry Yes, because there is some empirical
exposure leaves of trees forests are the most whether ticks can survive in leaf litter for | leaves, fodder, plants and produce from evidence that leaf litter used as
through from KFD risky habitats for a long enough period to be brought back | forest... | think few people as few follow the bedding in cattle barns can harbour
avoidance of | infected area to ticks, and that to the home and reach susceptible hosts. | precautions we suggest during outbreaks.” ticks (MonkeyFeverRisk project,
human the village for gathering of leaves is Unpublished data). There is a need for
activities cattle bedding a risky activity. Risks Having piles of leaves close to dwelling “Sir, advising people to not go to forest is the | robust systematic empirical evidence

material. arises through risk of places was identified as a significant risk most difficult part. Because their life is assessing whether forests have the
(Human tick bites from forest factor associated with human KFD dependent on going to the forest, so we are highest prevalence of ticks infected
hosts: vegetation during the | infection in a case-control study from the | unable to prevent or change that behaviour. with KFDV (and see above).
human leaf gathering 2011-12 outbreak (18).
activities in process, and also Such recommendations need to be
ecosystems because the leaves balanced with the fact that people
and spill- themselves can may depend on the use of such leaves
over host harbour tick for services such as animal bedding,
exposure to populations, leading fertiliser and fodder, and that
vectors) to increased risk of alternative sources may not be

transferring infected
ticks around the
home.

available. Thus, there is a requirement
to find effective personal protective
measures for humans and to
understand the role of livestock in the
KFDV cycle.

11
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Management | Current Assumptions and Empirical evidence Exemplar quotations from key informant Is management justified? Can
Type (barrier | management rationale behind interviews with disease managers on how management be refined and improved
to spill-over) | recommendation | management management recommendations are
guidance currently being applied in the field

Tick bite Don’t handle the | Assumes that monkey | Monkeys are known to have high titres of | “...Even while burning monkey carcass, they Yes, although the likelihood of intra-
prevention infected monkey | carcasses are a KFDV virus and so are likely to have handle with bare hands without proper PPE stadial transmission seems unlikely

carcass by bare potential source of infected ticks and systemic infection (see | and precautions. They also won’t be having (see above), monkeys can have high
(Human hand without infected ticks that above). Risk of handling infected bodily precautions...” titres of virus and there is a risk of
hosts: personal may transmit KFDV to | fluids is unknown. transmission via inhalation of aerosols
human protective human hosts during “...There used to be one group D, health or direct transmission via infected
activities in equipment. the handling of inspector and medical officer and together blood. Human cases of KFD in
ecosystems monkey carcasses. they were supposed to do it. This was from laboratory workers infected via
and spill- Also assumes that the KFD unit...Before that we used to close inhalation of aerosols has been
over host there may be with a local plastic sheet until they come, reported (31). Moreover, monkeys
exposure to potential infection via and after they come, they used to perform potentially harbour other zoonotic
vectors) contamination from autopsy in the open and take it and burn it. infections, and adopting effective

bodily fluids. With bare hands!” personal protection is justified and
appropriate.
Reduce Highlighting risky | Assumes that Yes. Risk of getting bitten by ticks will “Difficulties, they don’t follow strictly Yes, although a more integrated
exposure activities: for particular habitats increase with time spent in habitats with | whatever we say and we know that, it is approach is needed. People need
through example to not (forests) and high tick densities and activities which difficult to follow because if we advise them educating to make them aware of
avoidance of | sit on the ground | particular activities expose humans to ticks. However, there not to go to forest, it is not possible as their risky habitats and behaviours, and
human or in bushy areas | carry a higher risk of is currently a lack of robust empirical livelihood depends on it...” why it is important to use protective
activities of the forest getting tick bites assessment of how social factors such as clothing, repellents and undertake
through livelihoods and behaviour influence “...0ne is the gap between acceptance of our | prompt removal of any attached ticks.
education infection and tick-bite rates. services offered by health department and
acceptance level of the beneficiaries, there is

(Human big gap, they are not ready to accept us, we
hosts: are not able to make it out why it is so0.”
human
activities in
ecosystems
and spill-
over host
exposure to
vectors)

12
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Management
Type (barrier
to spill-over)

Current
management
recommendation

Assumptions and
rationale behind
management
guidance

Empirical evidence

Exemplar quotations from key informant
interviews with disease managers on how
management recommendations are
currently being applied in the field

Is management justified? Can
management be refined and improved

Surveillance

(Human
hosts:
susceptibility
and

Human disease
surveillance of
fever cases (
November to
June) with sera
screened for

Assumes that human
cases are likely to be
clustered in the
environment and
hence that screening
may allow targeted

Yes, human cases tend to be clustered
and identification of cases has been used
to target vaccination (28).

“...The handicap thing is, this season, so, it is
rainy or it is very cold or there is no road,
there is no vehicle to go and one house you
visit and come back, it takes one day. So, the
whole team, manpower is wasted to save
one person, the one house, the other person

Yes, this is justified.

infection) KFDV prevention strategies affected and die and you can’t identify
such as vaccination them...”
Surveillance Tick surveillance- | Ticks are the known Yes, many species of ticks, primarily “Mainly the lack of trained and experienced | Yes, tick surveillance is important and

(potential to
inform
multiple
barriers)

surveillance is
undertaken
within 5km of
areas where
human cases
were recorded in
the previous
year (for up to
five years) or
within 5km of
areas with
current monkey
deaths.
Surveillance is
not undertaken
if current human
cases are
recorded.

vectors for KFDV and
hence surveillance of
infection levels is
useful for predicting
the severity and
locations of
outbreaks.

Haemaphysalis species, are known to be
vectors for KFDV and surveillance is used
to predict spill-over in other systems
(32,33).

entomologists is the challenge. There is only
one person (for the district possibly), for some
people training has been given and there is a
need to supervise them. So, they tell us to
train to ASHA (health) workers and male
health worker, but that is risky now. How can
they with minimum training and precautions
do tick surveillance? That was not their
original training or their role.

“Even if the surveillance is there, the quality
should be important. So, if tick surveillance is
there then they (health workers) have to be
trained properly. They don’t know which
species — so that also they have to be trained
for different aspects of tick collection like
what are the different methods that can be
done and what are the better methods for
collection of ticks. It depends on the
landscape that is there because different
landscapes require different methods for
collection | feel.”

justified. Identifying areas with
infected ticks would facilitate
responses such as vaccination drives.
However, current surveillance does
not identify ticks to species level,
reducing the effectiveness of
surveillance at identifying vector hosts
and habitat associations responsible
for spill-over risk
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Surveillance

(potential to
inform
multiple
barriers)

Monkey disease
surveillance

Currently, monkeys
are thought to be
important in the
transmission cycle of
KFDV to humans and
therefore surveillance
of monkey deaths is
important.

It is currently unclear, due to a lack of
robust empirical data, whether monkeys
are involved in the transmission of KFD
to humans or whether they act as
sentinels for high prevalence of infection
in ticks that may have been infected from
other hosts.

“...Lack of prompt reporting with monkey
death occurring outside the forest reserves
going unnoticed.”

“First is monkey deaths are not immediately
reported so there is a chance of KFD
spreading there. So, focus is not known first.
Even in Aralagudu what happened is we
never had monkey deaths reported. Actually,
they had monkey deaths but none of them
were reported. So, we didn’t know there was
a focus of KFD over there. Until unless the
cases started appearing. That is very
important | feel that the monkey deaths
need to be reported immediately.

“As per norm, we are not going to conduct
the post mortem in that PHC area if suddenly
positive case reports. Once positive report in
human, ticks, or monkey within 5km PHC
area, there is no question of repeated post-
mortem because we have to dispose the
carcasses as early as possible. Important is
health and forest, who burn it and health
department spread the malathion.”

“Staff shortage affecting surveillance
efforts.”

“It is a challenge. If, there is a monkey death,
they (the vets or forest department or
others) tell some other reason and burn it
and dispose it but every monkey death
should go to post mortem examination for
cause of death and tissue analysis should be
done and should be followed up for whether
it is KFD or not...”

“...0ur group consist of 10 members in this
taluk. If monkey death reported within 12

Yes, regardless of the role of monkeys
in transmission of KFDV to humans,
they are susceptible to KFDV and may
indicate risk of human infection in an
area.
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Management
Type (barrier
to spill-over)

Current
management
recommendation

Assumptions and
rationale behind
management
guidance

Empirical evidence

Exemplar quotations from key informant
interviews with disease managers on how
management recommendations are
currently being applied in the field

Is management justified? Can
management be refined and improved

hour of death, we used to reach the spot
within 2 to 3 hour, conducting the post
mortem and used to do sample collection.
Our role was very important in disease
diagnosis in term of monkey death.”

“...Even in taluka level also, coordination
meeting is happening from last year [2018].
So, from last year there is little coordination
but still in my opinion, it should go to down,
not only taluka level, if it goes to PHC
[primary health centre] level and if it works,
there everyone like forest guard comes,
veterinary helpers will come, local PDOs
should come, then better activities will
happen | think.”

“In future, if we cannot control monkey, we
cannot control ticks...”
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Table B: Main thematic analysis results summaries based on interviews with district and taluka managers regarding their experiences and perceptions

about current KFD management in the Western Ghats area of India.

Main Themes

Sub-themes and frequency cited

I. Human activities in ecosystems

i. Complex trade-off between restricting forest access to minimise risk of exposure and safeguarding local livelihoods
interviewees)

(9 out 11

Il. Prevention of tick-bites on people through of
personal protection measures

i. Limited usage of DMP oil and uptake of other recommended personal protection measures (11 out of 10 interviewees)

lIl.Social and cultural barriers to uptake of current and
future potential vaccine technologies

i. Pain and discomfort concerns with existing vaccine (11 out of 11 interviewees)

ii.Underlying religio-cultural sentiments and practices (7 out of 11 interviewees)

ii. Anxiety caused by lack of knowledge about KFD and its transmission pathways (7 out of 11 interviewees)

iv.Trust and legitimacy concerns (8 out of 11 interviewees)

IV.Techno-administrative barriers to uptake of
current vaccine and improvement considerations

i. Vaccination coverage and availability (4 out of 11 interviewees)

ii. Concerns about the efficacy of existing vaccine(7 out of 11 interviewees)

V. Inter-sectoral action for KFD surveillance and
management

i. Increasing (district level) inter-departmental coordination during and post-outbreak situations (9 out of 11 interviewees)

ii. Increasing policy and media attention on KFD and attendant issues (3 out of 11 interviewees)

iii.Staffing, infrastructural and logistical challenges hampering effective coordination (6 out of 11 interviewees)

iv. Training and capacity building of personnel in tick surveillance (6 out of 11 interviewees)
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Table C: Details of the designation of participants in the key informant interviews used to provide key quotes on the current application of management

practices for KFD in the field.

Department Designation of participants Number of Level of operation
participants (District /Taluk/ Local)
Animal Husbandry District officers 2 District
Animal health services manager 1 Taluk
Taluk official 1 Taluk
Health & Family Welfare District health officials 5 District
Senior health worker 1 Taluk
Medical officer 1 Local
Total 11
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Table D: Examples of key ecological questions posed to researchers by practitioners in the 2018-19 and 2019-20 seasons for human KFD cases. We

highlight the current knowledge gap that needs to be addressed in order to address each question and whether empirical data are currently being

collected as part of the MonkeyFeverRisk project to provide evidence to fill this knowledge gap.

Key Questions identified via Whatsapp

Research that is needed to answer question and address
knowledge gap

Details of relevant data collection from MonkeyFeverRisk
project

Dry leaves are transported from forest areas to be used as crop
fertilizer 12 km distant: is there any evidence that such leaf
litter harbours ticks and what alternatives would be advised?

Dry leaves is a organic fertilizer villagers use, what alternative
you advise. Is there any scientific work on this fertilizer having
ticks? Villagers are already under lots of stress. If you really has
done tick collection from this fertilizer it's okay

(Need to) quantify abundance and infection rates of ticks found
in different types of dry leaf litter used for animal fodder and
bedding, under different treatments in villages (Research
Priority 6, Table 2).

Tick sampling (by dragging and flagging) was undertaken from
leaf litter collected as fodder, animal bedding and fertilizer for
both fresh leaf litter and leaf litter that had been stored for
varying lengths of time. Taxonomic identification and
assessment of KFDV infection of tick samples is currently being
undertaken.

A monkey sanctuary was planned to be set up within the
Shimogga district, within endemic KFD area, to deal with
problem monkeys (destroying crops and buildings): what if
monkeys were infected with KFDV? What adverse effects could
the monkey sanctuary have on other primates in the area?

Determine the role of dead and dying monkeys in generating
hotspots of transmission. Need to determine role of live
monkeys in KFDV transmission through infection of larvae via
systemic circulation and/or supporting co-feeding between
nymphs and larvae: quantify burdens, age structure, feeding
history, and infection rates of ticks found on live monkeys,
small mammals, and nearby habitats and people at the same
time as measuring host infection levels. If monkeys are
confirmed as important amplifying hosts for KFDV and
contributing to transmission to humans, quantify their habitat
associations, movement rates and interactions with people
across agro-forest landscapes (Research Priorities 10, 11 and
13, Table 2).

Ticks were sampled in a robust, stratified way across habitats,
including areas close to the sites of monkey deaths in order to
ascertain whether monkeys represent hot-spots of infection
risk or whether they may be acting as sentinels of risk across a
broader area of habitat. Laboratory processing of samples
(species identification and KFDV-testing of ticks) is currently
being undertaken.
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Key Questions identified via Whatsapp

Research that is needed to answer question and address
knowledge gap

Details of relevant data collection from MonkeyFeverRisk
project

Guidelines for Malathion dusting

Determine the role of dead and dying monkeys in generating
hotspots of transmission. Need to determine role of live
monkeys in KFDV transmission through infection of larvae via
systemic circulation and/or supporting co-feeding between
nymphs and larvae: quantify burdens, age structure, feeding
history, and infection rates of ticks found on live monkeys,
small mammals, and nearby habitats and people at the same
time as measuring host infection levels. If monkeys are
confirmed as important amplifying hosts for KFDV and
contributing to transmission to humans, quantify their habitat
associations, movement rates and interactions with people
across agro-forest landscapes (Research Priorities 10, 11 and
13, Table 2).

We did not produce guidelines for this. Current management
guidelines stipulate that malathion dusting should be
undertaken within 50 feet of an area where a monkey has died.
However, this is predicated on the assumption that the area
close to monkey deaths is the main focus of risk from infected
tick bites, whereas it is possible that the scale of risk is broader.
In order to address this ticks were sampled in a robust, stratified
way across habitats, including areas close to the sites of monkey
deaths in order to ascertain whether monkeys represent hot-
spots of infection risk or whether they may be acting as
sentinels of risk across a broader area of habitat. Laboratory
processing of samples (species identification and KFDV-testing
of ticks) is currently being undertaken.

Request for certain Standard Operating Procedures from the
stakeholders, for clinical management of KFD, for outbreak
investigation, for monkey autopsy, for drag and flag for tick
surveillance were requested.

NA

We have developed videos illustrating good practice for
sampling ticks from the environment via dragging and flagging
in order to provide guidance for tick surveillance. It is
imperative to engage with stakeholders in order to establish the
purposes of surveillance before devising clear protocols and
surveillance strategies. For example, if the purpose of
surveillance is to maximise the chances of finding an infected
tick then should focus sampling within habitats with the
greatest density of infected ticks. If the purpose is to better
understand scale of risk and better understand disease-vector-
habitat associations then need stratified sampling across
habitats and across a broader spatial scale than at the village
level.
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