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Executive Summary

Due to endemic plague foci, Madagascar has developed mechanisms to fight plague, particularly in
terms of plague surveillance, outbreak management, clinical diagnosis and patient treatment. In many
ways, Madagascar is leading the world in global experisiege management of plague. However, we
argue that new innovations are required to address plague prevention efforts in the country. A much
stronger emphasis should be given et management, and this requires policy changes aed
programme development

There is widespread agreement among all stakeholorekdadagascathat more need to be
done to controlrats, not only because of their reservoir status for plague, but also because of the
many other impactpestrodentshave? y LIS 2ivedf sGcR asthe damage they caus® crop
production contaminationloss of stored food and damage to personal property and infrastructure.
Reducing the density gt populations is a key element to plague prevention, and there is strong
evidence that lowering theat population below a threshold density can stop plague transmission.

Although live trappingats works well for plague surveillance, it is generally not efficient in
terms of population reduction strategiekive traps generally have much lower trapcss rates than
kill traps due to inherent neophobic behavioursrafs, which are particularly observed in tRattus
gerus. Policy must consider the use of kill trapping as an environmentally sustainable and cost
effective means of reducingat populations.We believe that kill trapping can be done safely by
carrying out arat population reduction campaign outside of the plague endemic season when there
is little risk of plague occurrindlot all kill traps are the same, and newer designs bfrkjs are more
sensitive, efficient and easier to set and ud®olicy must consider the importation or local
manufacture of such traps to ensure thedt populations can be sustainably and cesfectively
reduced.

Kill trapping in combination with flepowder spread around Kill trapwill reduce riskof
promoting free rat fleasHowever, policy must consider that using flea powder outside of the endemic
period may exacerbate the development of insecticide resistance. Policy should actively consider the
rotation of three different insecticides for flea control to help prevent the development of insecticide
resistance.

In order to reduce therat population at an ecologically relevant scale, the people of
Madagascar must be empowered to take control of tlat control campaign.Communities must
receive training on how to usgew design kill traps, including how they are baited, set and positioned
as well as how to safely handle and dispose of capttaied The trapping campaign will require every
househotl in a community to be provided with a single kill trap which is set by the household every
night inside their house in an appropriate location. Intensive trapping on a daily basis at this
communitylevel scale has been shown to be effective in dramatycedducing therat population in
a number of countries and context$he trapping campaign should staftiring the norendemic
season to reduce the rodent densand maintain low density during thendemic seasonf successful
in reducing therat population below the transmission threshold, human cases of plague should be
greatly reduced or entirely prevented in the subsequent season. During the implementationraf the
control campaign, regular monitoring activities will recaridanges imat abundance, flea abundance
and livelihood impacts.

Recommendations

1. Itis recommended that one insecticide active ingredient is used during thendemic season
and that a different insecticide is used during the endemic season, alternating each year.

2. Introduction of intensive communitpased kill trapping of rodents, providing one modekith
trap to every householdThe Wl trapping programme should start in the n@mdemic season.
Community training will be required as part of the distribution programme.

3. Distribution of a shaker box of flea powder to every househitéeé powderto be placedaround
kill traps.
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Background

Rodent pests are arguably one of the most neglected problems the world old@mage and
contamination of food by rodents is problematic across food value chains, @ddnts attackng and
damagingcrops grown in the field, as well as damaging stored crops in howeghouses and
factories[1] We can add tahesethe problems rodents cause in our cities, where rodents feeding on
our refuse go on to damage sewage and drainage systems, undermine foundations, damage electrical
wires and gas suppli¢®] Zoonotic diseases such as Lassa fever and plague are endemic problems in
rural Africa. However, more often than not, many roddmirne diseases are not recognised or
diagnosed and poorly treatel@] with many thousands of poor rural people dying from rodéotne
diseases across Africa each ypAWith rodents transmitting more than 60 diseases to people and
domestic animals, damaging food production systems, and exacerbating sanitation problems, few
g2dzf R I NHdzS a20ASGeQa NIG LINRofSya KFE@S 0SSy azf

Most African countries will acknowledge rodents asproblem across the agricultural
environmengland health sectors, but few have drafted strategies and action pl2@spitethe multi-
sectoral problems caused by rodentesearch on rodent pest management is entirely absent in many
African countrieg1] This low capacity for innovation has led to a sitoatwhereby low investment
in rodent research results in limited awareness and documentation of the scale of rodent pest
problems, making the matter easy to ignoBespite being a wetecognised problem throughout the
world, there has been relatively ¢ research on rodent pest management since the advent of
FYyGAO2F 3dzA | yi NP R Y5 Corénk RiSri pedt ynandgkntent preetica ety
depends on the use of rodenticide pois@#is Although some of these poisons can work very well,
their usage is increasingly challenged because of their damage to human health and the environment.
The commercial private seatoontinues to advocate the use of poisons and is currently doing little to
develop alternative rodent management technology. As many small holder farmesawithatrat
poisons are ineffective, unaffordable or unavailable, African families often rasdighly toxic and
illegal substances for rat control. For example, the nematicide, Aldicarb (carbamoyloxime), is not
licensed as a rodenticide but is illegally sold for killing rats, dogs and even people throughout
Africa[7,8] Furthermore, indiscriminate large scale use of rat poisofk®dvn to drive biodiversity
loss which can down regulate ecosystem functions like predation (e.g. avian, mammalian and reptilian
predators) and ecosystem resilience (e.g. increased invasion potential due to reduced biodif@rsity).
Such changes in ecosystem function and diversity can trigger ecosystem cascading effects that can
lead to outbreaks of zoonotic diseaqdd€]

The poor application and adaptation of rodent control measures to particular situatiters o
results in treatment failures, leading to apathy and widespread acceptance of rodent pests in the
environment. Many rural farmers suffer from low awareness, ingrained defeatism when trying to
control rodents and acquiesce to rodent damage. In a glotadext, rodent pests are a clear poverty
indicator; those households most exposed and proximal to rodents are usually the poorest of the poor
who lack rodent management tools and knowled#&] Thus, educing rodent pest numbers can have
a much larger impact on reducing poverty thanyasther single pest problenThis is because in
agriculture, rodents are both a piearvest and posharvest pest problem, causing major impacts on
food security, nutrition, food safety and human health. In the paestvest sector, small holder farmer
grain stores are subject to high levels of urine and faecal contamination that can lead to many
bacterial, viral and parasitic diseases transmitted to people. Rodents also selectively eat the germ of
stored grain, which reduces its nutritive content. On topcoftamination and nutritional damage,
post-harvest loss due to rodents for many African farmers is typice@%12], whilst crop losses in
the field are documented to be much higher {20% anl frequently >50%][13]

Many of the 60+ diseases transmitted by rodents are directly linked to unsustainable
agricultural practices carried out by rural farming communifie®;16] Clinical and public awareness
is often very low for mostoonotic diseases transmittdaly rodents, wherdrequently rodent-borne
diseases are midiagnosed or remain undiagnosg®]. Diseases such as leptospirosis may have
relatively lower mortality, but can have major impacts due to prolonged recovery times during key
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agricultural production eventfl7,18]Communicable rodenborne diseases such as plague and Lassa
fever tendto have greater awareness in chronically endemic zohkesvever, in even these contexts
most rodent control is carried out after outbreaks have already occurred, were rodent control
protocols have not been designed and delivered to prevent disease oktbfeam starting in the first
place.lt is widely accepted in zoonotic disease prevention programmes that reducing the reservoir
population is crucialThere have been many documented succesgasre such population reduction
strategies have led to longta declines in disease transmissi®esearch on the control of theetse

fly in southern Africa has enabled the elimination of human sleeping sickness and Nagana in livestock
in some countrie$19] Similar efforts to control mosquitos has eliminated malaria from parts of
southern Africa and in the Americf0,21]Other zoonotic diseasesuch as leishmaniasis aradbies

have also beensuccessfully managed through reducing the density of reservoir animal
populations[22,23]The importance of rodent density on the transmission of plague has been reliably
established24,25] Based on this bod of evidence, we can be confident that reducing rodent
populations before the plague endemic season normally commences should significantly reduce the
risk of plague transmission occurring.
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The new paradigm of Ecologicdlggsed Rodent Management

Ecologicallbased rodent management (EBRM) is a term coined 22 years ago following a workshop in
1996 in Morogoro, Tanzania at the Pest Management Centre, Sokoine University of Agriculture. The
theme of ecologicalfpased rodent research was emphasizedtlas future of rodent research,
particularly in Africa and Asia. Further discussions led to the first international conference on rodent
biology and management held in Beijing in October 1998 and the seminal book Ecold@ssallly
Rodent Management pulsihed the following yedi26]

EBRM shares many principles with the more familiar term of Integrated Pest Management
(IPM) commonly used in agriculture to describe how different strategies for insect pest management
are integrated to sustainably control pests. EBRMtaémachieve similar goals to reduce the impact
of rodent pests using knowledge about rodent species behaviour, physiology and their phenology of
damage to sustainably manage rodent pests. EBRM proceeds on the basis that integrated strategies
can be devilmped that reduce the economic and social impact of rodent pests inlm®tficial ways
that do not adversely affect the environmengEvidence on the successful development and use of
EBRM practices is now very strong, particularly in Asia and ffrZ#35]

Although effective rodent control methods exist, their poor application and adaptation to
particular situations often results in treatment failures, leading to apathy and widespread acceptance
of rodent pests irthe environment. Generally, there is a poor perception about the impact of rodents
2y LIS2LX SQa fAQPStAK22Ra gKAOK Aa LI NILfe RdzS G2
difficulty to assess some of the problems (e.g. crop loss) and low pawdceness (e.g. disease
transmission) about the damage caused by rodents.

Current rodent control practices are often based on the use of rodenticides. Misuse of these
poisons is unfortunately common in many African countries, which poses a threat tonhinezdth
and environmental contamination by killing néarget species such as predatory birds and using
highly dangerous poisons which are often banned. More importantly, misused rodenticides may not
significantly reduce the rodent population, thereforaing little impact on reducing the damage
caused by rodents. When correctly used, rodenticides can be a highly effective tool, but they are most
appropriate in largescale, intensive, highalue situations where safety and accuracy can be assured.
The sucess of anticoagulant rodenticide baits in controlling rodents in developed countries has
inadvertently stifled research on other aspects of rodent behaviour and ecology that could help
develop more sustainable methods of control in the small holder alyi@l situations found in Africa.
Because rodenticides can be expensive and difficult to use safely, other rodent management methods
involving trapping and environmental management are more appropriate for the rural agricultural
situations found in AfricaResearch in Africa to develop appropriate tools and strategies for rodent
pest management for different agrecological conditions, particularly targeting small holder farming,
has made significant progress largely through research funding providec isuttopean UniofB6¢
38] The most recent Efunded project in this series the StopRats project
(http://projects.nri.org/stopraty collaborated with institutions based in Madagascar and worked with
Madagascan communities to understand the problems they had with rodent pests as well as build
capacity amondy/ialagasyscientists to develop ecologicalbased rodent management strategies.

Through these muklhational and multidisciplinary research projects, community based
intensive trapping has been repeatedly shown to be effective in reducing rodent pest
populations[1,29,34,35,3842] Scaling out this research has also been succegsigl5] The basic
principles in common with these EBRM strategies 1) scourage the use of denticides as they
are too expensive for small holder farmers and often misusieas have limited efficacy) Enpower
communities to work togethethrough kill trapping Communities are familiar with the concept of
trapping but do not coordinate their &eities or trap at the community scale. Enabling communities
with the tools and knowledge makes all the difference in their success rate. 3) Monitor the impacts
2T GKS AyGSyaAiro@dsS GNYLIWAYy3A 2y (GKS NBRSW4) U Lddz | )
the success and community enthusiasm to tackle other community level problems such as sanitation
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proofing and habitat conservation which are important to permanently reduce rodent numbers
sustained by environmental conditions.

Rodents continugo be neglected in comparison to other fields of research, and there is much
we still do not know due to the diversity of different pest species and the multiple pest problems they
cause acrosthe agriculture, health and environment sectors. Greater eem@ss about rodent pest
problems and that there really are sustainable solutign& - & OFy YI 1S LIS2LX SQ&a ¢ ;
harming the environment can help overcome the ingrained acceptance of rodent pests found at all
levels of society. Developing invetive and ecologically based rodent management solutions could
be one of the most important interventions ofthe2® Sy (i dzNB (G2 NBRdzOS L2 GSNI &
livelihoods.



Training communities is an imp'ortan
part of any rodent controlcampaign.
By working together, communities
can be empowered to tackle a rang
of community-based issues such &
sanitation and habitat conservation.
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Qurrent rat control strategyn Madagascar

The history of plague in Madagascar and its current contexe Haeenexpertly reviewed[46¢50]
Current plague management efforts in the country ldyg&arget the flea vector.Current rat
management officially relies on live trapping, mainly using single capture live(Wwhpsh is the main
trap used in plague surveillangeome multiple capture live traps as well as the Kartman bait box
trap. The Kartman bait box contains flea powded an anticoagulant rodenticideRas entering the
Kartman are exposetb the flea powder and eat the bait which kills theg only after the fleas have
been killed. Sometimes the Kartman is used only with flea powder, temporarily disinfestinat the
but otherwise leaving theat unharmed. Ratcontrol carried out by local public health authorities is
generally only implemented during the plague endemic season as part of surveillance programmes
when staff observe high numbers i@fts and when human plagucases occur in the are&urrently,

rat control is not systematically carried out by public health authorities and most of the effort is
focussed on controlling the flea vector as opposed tordtaeservoir.

This approach is acceptable in terms oftbeak management. However, it is not designed
with a view to prevent plague outbreaks. To prevent plague, more effort must be made outside of
the plague endemic season before outbreaks occur. Currently the official strategy is to provide the
public with advice and knowledge aat controlto be carried out by their own initiativeThis strategy
focusses on telling people what do to, such as improving sanitation, proofing granaries, stopping bush
fires, using indigenous live capture traps, using bioagtlants with repellent properties against fleas
removing harbourage forats, maintaiing domestic cats, encouragingild predators and other
strategies aimed at reducing the carry capacity of the environment to susthipopulationsand
reducingthe proximity ofrats and peopleUnfortunately, the uptake of this official advice is extremely
limited. Most of these actions require significant labour and time inputs, which if uncoordinated at
the community level are unlikely to have much impactatpopulations. Individuals following these
actions will not observe any clear benefit to their livelihoods and will thus be unwilling to invest their
GAYS yR f I 02dzNW hyS YI 22N OKIffSy3asS Ay GKS RS
public has never really experienced what life can be like in the absencafindividual actions to
control rats invariably fail as they anmeot coordinated at the community level, and thus people
become apathetic and resigned to theat pest problems.Thug NBf @Ay 3 2y |y AGAYyTF;
campaign results in a very higisk perception byindividuals, withuncertain benefits from high
investmentcosts.

The commercial supply @dt control tools and technology is extremely limited in Madagascar,
and even if people want to buy poisons or traps, they are often not available. Anticoagulant poison
baits are available in some large market areas. Ad hoc use of poisons is unlikelyutzégstil in
reducingrat populations, as their use will not be coordinated at the appropriate scale. Furthermore,
most rural communities do not have easy access to poisons, would consider them to be too expensive
and currently do not have the knowledga évow to use poisons in safe and effective ways. Some
kinds of live and kill traps are commercially available in large market areas. The Kill traps currently
available in markets are of an old design, making them difficult to set and are generally yot ver
sensitive.There is also a large diversity of indigenous rat trap designs found throughout Madagascar
than can be made from local material&lthough the costs of production are low, indigenous traps
are not particularly effective, durable or easy td,sghich makes them difficult to use at a large scale.

Summary of problematic issues with currerdit control strategyin Madagascar

Offiaal policy of live trapping and no rat killing

Focus on flea vector control insteadrat reservoircontrol

Focus on contrabf human caseduring plague outbreaks crisis management
Preventative management lackiagho coordinated action outside of endemic season
Lack of community empowerment ams provision of appropriate tool communities

arpwNE
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Livecapture rat traps currently used in Madagascar are excellent for plac
surveillance programmes. However, live capture traps are not efficien
the objective is to sustainably reduce the rodent population densit
Reducing the number of rodents is crutia stop plague transmission.




Proposed innovations for reducirg density in Madagascar and

stopping plague outbreaks

The mainpolicy changeaequired is to use kill trapt reduce the rat population at a large scale,
particularly using nevdesign Kil traps that are more sensitiveeffectiveand easy to setThis is
because theuse of live capture rat traps is not sufficient to redue¢ population densities due to
their lower trap success rates than kill trgpd.¢53] Live traps are also more expensive to produce
than kill traps.Furthermore high trapping intensity is required at the community leaid it will be
necessary to empowend coordinatecommunities to carry out theat population reduction strategy
through Kill trapping Through this intensive trapping programme, knowledge associatedrat
managemenmctivities e.g. increased sanitation, rat proofing and preventiobush fires which are
already promoted by the Ministry of Public Healtlan be more successfully coordinated and
implemented

The intensive trapping campaigould be started during the neendemic plague season.
The primary reason for this is that thésecologically the correct time to carry out preventative actions
aimed at reducingat density. Reducing theat population to a low density should prevent plague
transmissior[24,25] Rat trapping should continue to capture rats at they migrate to houses in
response to agricultural practices, bush fires and crop harvest periods

To prevent Kill trapping promoting freetréleas, the kill trapshouldbe used in conjunction
with flea powder, which is sprinkled around the trap such that when the rat dies, the fleas are killed
when they leave the corpsélowever, the use of flea powder does need to be considered in terms of
wider implications of promoting insecticide resistance. Encouraging communities to use flea powder
could speed up resistance development, making it more difficult to control fleas during plague
outbreaks.The solution used in many contexts is to rotdifferent insecticide products with different
active ingredients Research by the Pasteur Institute recommends the rotatiormafathion,
fenitrothion and cyfluthrifd7] to help reduce the development of insecticide resistan&s.luman
fleas are in much higher abundance in households, are a major nuisance and implicated in plague
transmissior[48,54,55]community access tilea powder coulanuchimprove their quality of lifand
further reduce the risk of plague transmission. It is also worth noting titehsiverat trapping will
naturally reduce flea abundance as there will be fewer hosts.

The proposed trapping campaign involves giving every household in a community a single kill
trap, with households instructed to bait and set the trap every night in an appreppiace inside
their house. The number oéts killed will need to be documented every day against the number of
traps set in each community. To enable thisisengcommunity healthoutreach teams aré¢o be
used to provide training and monitorinBepesentatives of each household must foained on

1. How to bait and position the traps in a good location in their house

2. To set the trap every day, even if they do not catch a rat for some time, moving the trap to
different locations inside their houskoking for evidence of rats such as droppings or holes.

3. How to set and release the trapsid ensure children and chickens are not exposed to them

4. How to place the flea powder around the traps

5. How to secure the traps in case catsother ratsattempt to eat the dead ratsand take the
trap away

6. How to safely remove and dispose of the captured rats

7. How to safely wash the tramnd hands after handling traps and rats

Intensive trapping should reduce the rat population densi{g most zoonotic disease transmission
requires a threshold density of the reservoir to promote disease, the objective is to reducatthe
population density to below this threshold densiQurrently we do not know what this threshold
density will be in Mdagascan contexts and we can only discover this by concerted efforts to reduce
the rat population as far as is possible @adnonitor the impacts.
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Controlling fleas leaving deadts shoud be carried outs follows Each household will need
to be provded with a shaker box containing flea powder. The flea powder will need to be sprinkled
around the trap 2680 cm in all directions. This is based on existing evidence on how far rat fleas are
able to jump[56¢59] Currently, fenitrothion is the main product used to control fleas in Madagascar;
however,relying on a single active ingredient isaidlvisedas it will promote resistancelnsecticide
rotation must be implemented as part of the rat trapping campaign, using one insecticide during the
non-endemic season and switching to a differextive ingedient during the endemic season. Thus
communities will need to be rprovisioned with a different flea powder as the seasons change.
Monitoring the impact of the intensive trappirgampaignis extremely important and there
are a number of activities whicshould be done in a stget of involved communitieand subsets of
householdsThese activities will require data collection by experts working together with communities
to obtain systematic evidence.
1) Daily trap success
For each community it is necesgdo know the number of households and thus the number of
rat traps in the communityAll households in the community need to be visited each morning to
record the number ofats captured.This must be done every dayd works best if community
representatives are trained to do thi$rap success is calculated by dividing the numbeatsf
captured each day by the total number of traps that were set each @hig number is then
multiplied by 100 to obtan a percentage trap succe3se trap success rate should go down over
time if the rat population is reducing.
2) Passive monitoring aft activity through the use of tracking tiles
This activity provides another means to observe relative changes irathmpulation. It helps
confirm that any changes in trap success are indeed due to changes in rat numbers as opposed
to potential behavioural resistance to trappifgonly needs to be done in a subset of households
in any given community. Ten householdsaircommunity is usually enougfihis is done by
recording rat footprints on blackeneazkramictiles or metal sheeting?lain white ceramic glossy
wall tilesare held closely to the flame of an oil lamp so that soot from the flame blackens the
surface of tle tile. The tile is moved over the flame until the entire surface of the tile is evenly
blackenedHolding the blackened tiles by the edges, the tiles are then placed in houses in areas
where one would normally put a rat trap. Rats will walk over the tdaying their footprints
behind by removing the soot.ots of footprints means lots of rats whereas few/no footprints
means less rats. A transparency sheet marked with a grid is held over the tracking tile to enable
the number of grid cells with rat footmts to be recorded.The tiles are then wiped clean,
reblackened and placed in the same spot for three consecutive nights.is repeated every
month to document changes imt activity rates.Therat activity rate should correlate with the
rat trap sucess rate.
3) Household flea abundance
This can be done using the same protocols used during flea surveillance operations. This is most
easily done using candle water trap®. stick a candle in the middle of a shallow plate, fill with
water and light the candle overnighEleas will be attracted to the candle and land in the water.
Staff collect the fleas in the morning into labelled vials and bring to the lab for quantification and
identification.
4) Household and community level surveys
Using semistructured questionnaires and focus group discussions, data should be collected from
household and communities on their observatiofhis should include incidencesraf damage
to personal property (clothes, utensils, blankets, mosquito nets)etamily members bitten by
rats, observations ofats in their house (seeing themat droppings, sound of them). These
surveys need to be repeated over time to capture changes in knowledge and attasdesl as
to understand challenges in programrdelivery.
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Conclusions

Madagascar has developed strong expertise and protocols for managing plague outbreaks including
surveillance, diagnostics, clinical treatment and outbreak management. However, plague prevention
efforts need strengthening. Greater emphasis should be plagereducing theat reservoir. This

will require the use of kill trapping and community empowerment operations that are facilitated by
public health staff outside of the plague endemic season. Every household in a community will need
to be provided wih a single kill trapnd flea powdeand instructed on how to use this on a daily basis
Household level intensive kill trapping through commuitiised programmes has been shown to be
highly effective in a number of African and Asian countries and wéeeannfident that communities

in Madagascar will benefit in many ways, e.g. reduced food contamination/loss, fewer people bitten
by rats whilst sleeping, less damage to clothes, blankets and personal possessions. Reduaing the
population should have aimpact onrat density, andrat density is known to be the main driver of
plague transmission. If effectively delivered, this proposed innovation could mean the end of plague
outbreaks in Madagascar.
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