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Introduction and objective:
Leptospirosis is a worldwide distributed zoonosis caused by Leptospira spp. The bacteria infeet the renal tubules of
mammals and are exereted in the urine, contaminating the environment, Its transmission to humans can be
direct, through contact with infoeted animal, or indirect, through contaminated soils or water. The pathogens
enter to the blood siream via cuts, skin abrasions or mucous membranes, Until 1960, more than 200
deaths of leptospirosis wore reporied every year in Japan. After 1960, this number decreased rapidly due
to mechanization of agriculture and use of rubber boots during farming, Since 2003, leptospirosia has
been classified as o notifiable infectious disense in Japan (e, the Infectious Diseases Control Law),
5 From 2003 to 2005 the annual number of reported cases was less than 20. In 2006, 2007
and 2008 the number of human cazes waz 24, 36 and 43, respectively. In 2009 the
numbers fell to 16 and then increased to 21 in 2010, In dapan, a large proportion of
cases are reported among individuals who engage in water sports such as swimming
and kayaking. The high risk of leptospirosis in people partaking in water sports is likely
_ due to consumption of or contact with water that has been contaminated by urine from
infected wildlife, Several studies in Japan have reported finding Leptospira spp. serovars
in eats, eattle, deer, dogs, horses, Japanese serows, pigs, raccoons, rats, sows, and wild
boars. In rural Japan the high risk is farming, for 31 of the 93 cases
- during 2003-2007, Bayesian Belief Nets (BBN) can be used to model the dynamic and
non-linear relationship between pathogen, environment and host. We demonstrate the capacity of BBN
through a case study focused on deses for i i

bing exposure path

# 3 fomn

. Methods:

BBN is a probabilistic graphical model, a type of statistieal model that ropresents a set of random variables and their
conditional dependencies vin directed acyclic graph, whose nodes represent random variables in the Bayesian sense.
Each node is d with a p vy function. For Je, a Bayesian network could represent the probabilistic
relationships between diseases and symptoms, Given symptoms, the notwork can be used to compute the probabilities of
the presence of various diseases. A BBN model was constructed to describe one or more of the exposure routes. The
second stage was to ‘solve’ the BBN with a series of different hypothetical input values.

Resulis and discussion:

In Japan the most common routes for human infection related to contact with urine from infected animals either

directly or through contact with contaminated soil or water (Figurel). When using these values the probability an
agricultural worker is exposed to leptaspirorsis is 0,46% and the probability they develop clinical symptoms is 0.31%.
When the soil temperature and water content in the soil are perfect for the growth the probability the worker develops
clinical symptoms increases to 0.64%. The probability that the work develops clinical will be even higher if
the person has a wound (1.5%) and if the wound occurs at a time rats are known to be present in the field (2.34%)
(Table ; Figure 2), It is important to note that the model selected for advancement is only one possible version of reality.
We considered the inclusion of nodes that account for regional and seasonal difference but decided that it would be
better to begin with a simple model because it should be easier to parameterise and interpret. However, there is no
reason that these and other nodes (e.g. factors influencing host susceptibility) could not be added at a later date.

Conclusions:
This new technique will provide public health officials with new tools that can be used when trying to develop control
strategies for emerging or re-emerging infectious diseases,

Table :

Description of nodes, states and data sources for a BBN to describe factors i

result of contact with infected soil,

e 7

L

{1 ing i ion with 1

e

; Expert
The proportion of workers who have open No
Wound cuts on their hands or feet Yes g:'s ?ionn or

Agriculture

Crop The type of crop that is being grown (H)ice statistics for
ther Japan

* Describes ntin the field. The

 Describ rat s pres -The
.~ value is conditional on the type of crop being grown | Absent
. 3 Infected Field
Infected Rat Proportion of rats that carries Leptospira spp. Not infected | studies®

- Existing '

ield is NG
: - literature or

* Infected - | Conditional probabilly that the

Field L [nfgcjled‘wbe(\’l’nfected 7ra;ts’, are pre sent  xpert:
Soil Describes the probability that the soil Published
Temperature | temperature is a given value literature
. Water | Describss the probabilly that the moisture Published -

literature

 contentin. the soil is a given value

Published
literature

Probability that the number of colony forming
units of Leptospiraspp. bacteria is a given value

Expert:
opinion,
case reports

Probability that clinical symptoms will ocour
conditional on the level of Leptospira spp. in
: . the soil; exposure and host susceptibility
? Design probability is the term we are using to describe a situation when the preferred state is determined by

the modeller.

b Field studies have already been conducted by researchers at the National Institute for Infectious Disease but
not all results have been published.

Sympfoms

24 Prefeclures 187 cases
Imported cases 13 cases

4

Figure 1:
A hypothetical BBN showing the factors that influence the likelibood a human will be exposed to leptospirorsis
either directly or indirectly through contact with contaminated soil, water or flood water.

Rice
| Other

400
0.0

1

! RatPres:

ent ]

4

T Symptom HostSusceptib
Yes 0
iNo

| High 10

Figure 70

A Bayesian Belief Network showing the factorshat affect the
likelihood that an agriculture worker involved in production of rice
and other crops will exhibit clinical symptoms for infection
Leptospirosis. Boxes in (D indicate those that influence the likelihood
the organism is present in the soil, boxes in @are those relating to
the likelihood that the worker will contact with soil in a way that
would allow exposure to leptospirosis, @ indicates the nodes related
to host susceptibility and boxes in @are the outcome nodes.
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Livestock and wild animals have been shown to be
infected with rotavirus and toxoplasma.

Salmonelia isolated from raccoons in Tokachi was
similar to the genotype from cow isolates. This
suggests that raccoons may become infected with cow
strains. Since raccoons are often seen close to
livestock, it is feared that raccoons may transmit these
pathogens. The distribution of raccoons in Tokachi has
increased since 2008. Farms have been shown to be
nesting, delivery and feeding sites for raccoons, so
farms may accommodate raccoon populations in the
area.

Landscape structure affects the population dynamics of raccoons. Factors include forest
area, presence of fruits, rivers containing fruit & aquatic organisms, and nesting sites like
city-produced home kitchen waste. Moreover, measuring nutritional conditions and litter size
has become an important index of raccoon population dynamics.

We investigated the prevalence of livestock pathogens and all of these factors for their
relationship in the expansion of raccoons in Tokachi to evaluate the risk of transmission of
livestock pathogens. We feel it is necessary to investigate the actual conditions for the safety
of livestock in Tokachi, where the agriculture serves as a vital part of the economy.

Research Questions

(D What is the prevalence of livestock pathogens in raccoons in Tokachi and
the risk of transmission to livestock?

(2 What are the factors affecting raccoon population via association of
landscape structure with the nutritional conditions & litter size? Is a farm
an important factor?

& al
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1 Prevalence of livestock pathogens in
Facooons
Rectal swabs - detection of salmonella
Blood samples - analysis of antibodies to
rotavirus & toxoplasma
% Investigated relationship between prevalence of
these pathogens and raccoon gender & age.

2) fissociation of landscape factors with
nutritional conditions and litter size

Nutritional conditions - determined by
weight / body length? (BMI)

Litter size - calculated based on no. of fetus or
placental scars

Landscape factors:

» Density of livestock farms
« Distance from mountains
= Length of nearby river

« Area of forest
« Area of city

river : city
forest @  sampling site
towns where no raccoons
were captured

Two generalized linear models (below) were designed with all combinations of independent
variables for gender and two seasons (Apr - Aug : breeding season + Sep - Nov :
non-breeding season).

# Factors determined 200-1500 m from sites.

Model 1 : BMI(gaussian distribution) =B, (area of forest)+B,(river length)+
B3(area of city)+B,(distance from Mt area)+ﬁs(denstty of livestock farms)+e
Model 2 : Litter size (poisson distribution) =B, (area of forest)+,(river length)+
B,(area of city)+p,(distance from Mt area)+B5(densnty of livestock farms)+e

Best fit regression models were selected based on Akaike’s Information Criterion (AIC) or
AlCc. Low AIC or AICc models are considered to be fitted.

) Pravalence of livestock pathogens in raccoons

2 Association of landscape factors with fitter size & nup

itional conditions

- <lLitter size> < Nutritional conditions> % Bolds texts shows independent Ygriables !h_at
Total Male Female Juvenile Adult increase (+) or decrease (-) nutrition conditions.
14.1% 9.5% 19.4% 15.4% 13.5% 2y Male Female
. 104
Toxoplasma (11,78)0 (4/42)  (7/36)  (4126)  (7/52) _ . A .
= = Breeding
p=0.21 p=1.0 ., 3 @ anson @ 3
1100 10-3% 11.8% 7.7% 12.8% 2 <124 =z
Rotavirus (g (489) _(164) _(220) _(6HT) e 2z
. p=1.0 p=0.51 % 2T 00 700 1000 1300 %0 700 1600 1300
8.3% 14.0% 17.4% 7.0% 5  fadius (m) ) radius (m) ~
Sal i 11.1% (5/60) (8/57) (846)  (5/71) Density of farms (+) City area & density of farms (-)
almonetia  (13/117) 0,33 p=0.08 e e ) ‘ 102
No of fetuses or placental scars 100 @ l‘!ol}\;ﬁbﬁrﬁgﬁmg w
o sea 8
No significant difference in prevalence were detected Landscape factors not g %8 < g%
between male & female or juvenile & adult associated with litter size =16 =22
% 400 700 1000 1300 987350 700 1000 1300
radius (m) radius (m)

Distance from Mt area (+) River length & forest area (+)

{2) Association of landscape fac

<lLitter size>
@ Litter size was not related to landscape structure.

@ Prevalence of livestock
pathogen in raccoons
< Raccoons were shown to be infected

with rotavirus and toxoplasma in

' However, litter size varies with age of a
addition to salmonelia.

landscape structure.

< Nutritional condition>
- Important factors for nutritional conditi

Therefore, expansion of raccoons in
Tokachi poses a potential risk to exposing
livestock and wild animals to these pathogens.

tors with litter slze & nuiritional conditions

dults (Fritzell et al., 1985)

@ So, including adult age in model 2 might show refationship between litter size and

In the future...

on - Further investigate association of landscape

Since landscape structure affects Breeding season

Non-breeding seaseon structure & incidence of diseases in livestock

prevalence of pathogens in raccoons Livestock farm (+)

with the prevalence of livestock pathogens in

Forest edge (*) raccoons. We aim to discuss the probability

(Samson et al., 2012), landscape structure with

that raccoons are infected with pathogens from
livestock.

Study the influencing landscape factors on

D - ' & Eating high-calorie livestock feed Fruits ripening in autumn are food
high risk may be critical for livestock health. may improve nutritional conditions. source.
City, Livestock farm (=) River, Forest (+)
© If environments where pathogens are Unknown Fruits arowin iverside forest
fransmitied frequently can be identified, ? growing on riverside forest are

Delivery & rearing in these areas may

effective disease control practice might be cause energy loss.

put into effect.

raccoon litter size considering other raccoon
ages to investigate the environments that make
raccoons population grow.

food source.
« Expansion of home range may
enlarge buffer affected.
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