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Welcome to the ILS Conference 2017

On behalf of Organising Commi ee, I have the great pleasure to welcome you
all to Palmerston North, New Zealand, for the 10th Scien fic Mee ng of the
Interna onal Leptospirosis Society ILS2017! It is exci ng and we are honoured
to host such a dis nguished audience of specialists who all share a common
interest, that of reducing the burden of leptospirosis through interna onal
exchange and collabora on!
Our world is changing. Human popula on growth is predicted to increase nearly
50% to 11 billion by 2050, and climate change and changing land use will have
an impact on local and global food systems, and the way humans interact with
wildlife and domes c animals. We have to find new approaches to deal with
local, regional, and global public health alerts. The impact of leptospirosis on
people and animals depends on all of these factors. How can we reduce the risk,
how can we interact with communi es, media and poli cians to achieve more
eﬀec ve disease control at the frontline? These are ques ons that we want to
address at this conference in sessions about one‐health, extension and
popula on health.
For the first me, ILS is oﬀering three prac cal 3‐day workshops designed to
provide training and hands‐on experience in the epidemiology, microbiology
and genomics of leptospirosis research. The response of 38 par cipants who
already signed up for them demonstrates the interest and need for such extra
events around the conference.
Over 200 delegates from 34 countries have signed up for this event. While we as
hosts are extremely pleased about this response, it demonstrates a strong
global concern about this disease and that this concern is being met with a keen
and probably growing research interest.
This event is for you to meet, exchange ideas, refine your scien fic approach
and develop new concepts. I therefore wish that you will enjoy this week at the
conference and further on in New Zealand if you have any more travel plans –
so again to everyone a warm welcome to Palmerston North!
November, 2017
Cord Heuer
Chair Organising and Scien fic Commi ees ILS2017
Massey University
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Welcome from ILS President

It is my great pleasure to welcome you to the 10th Scien fic Mee ng of the
Interna onal Leptospirosis Society (ILS) in Palmerston North, New Zealand.
Leptospirosis touches many disciplines, so it is essen al to bring together
scien sts, microbiologists, epidemiologists, veterinarians, physicians, and public
health workers who share a common goal of addressing the problem of
leptospirosis.

We’re excited to be here with you to con nue the ILS tradi on of open
communica on and collabora on. We know that the best way to address the
challenge of leptospirosis is to join forces with colleagues whose background
and approaches are very diﬀerent from your own. There has never been a
be er me to translate the power of science into prac cal solu ons for
reducing the impacts of leptospirosis on people and animals. Let’s work
together to make a diﬀerence!

This is a wonderful opportunity both to reconnect with old friends and also to
establish new rela onships. Whether this is your first ILS mee ng or the 10th
me that you have par cipated, my advice is to say hello to as many people as
you can each day of the conference. Prac ce your listening skills, learn about
new concepts and approaches, consider new ways of addressing old problems,
share your ideas and ask ques ons!

Make the most of your visit to New Zealand!

November, 2017
David Haake
President, Interna onal Leptospirosis Society

6

INTERNATIONAL LEPTOSPIROSIS
SOCIETY 2017 INFORMATION
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Committees
CONFERENCE
ORGANISING COMMITTEE

SCIENTIFIC COMMITTEE
Cord Heuer (New Zealand)

Chairman:
Cord Heuer

David Haake (US)
Colleen Lau (Australia)
Professor Michael Reichel (Hong Kong)

Members :
David Haake

Claudia Munoz‐Zanzi (Chile)

Roger Marchant

Peter Wilson (New Zealand)

Peter Wilson

Roderick Chappel (Australia)

Jackie Benschop

Ben Adler (Australia)

Julie‐Collins‐Emerson

David Wilkinson (New Zealand)

David Wilkinson

Julie Collins‐Emerson (New Zealand)

Emilie Vallee

Bibiana Brihuega (Argen na)

Supatsak Subharat

Mathieu Picardeau (France)

Chris ne Cunningham

Kathryn Allan (Scotland)

Simon Verschaﬀelt

Supatsak Subharat (New Zealand)

Yuni Yupiana

WORKSHOP COMMITTEE

Marie Moinet
David Wilkinson

Ahmed Fayaz

Julie Collins Emerson

Nicky Vallender

Emilie Vallee
Cord Heuer
Shahista Nisa
Neville Haack
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Conference Information
CATERING
Morning tea, lunch and a ernoon tea
will be available during the Conference
and is included in your registra on fee.
It will be served upstairs alongside the
conference room.
INTERNET
To connect at ILS conference Wi‐Fi
please select :
Wi‐Fi : VenuesPN
Password: Venues17

without no ce. Please note that this
program was accurate at the me of
prin ng.
REGISTRATION DESK
The registra on desk is located in the
Gallery at the top of the stairs. The
registra on desk will be open daily
from 8am—5pm.
SECURITY
Please ensure that you take all items
of value with you at all mes when
leaving a room. Do not leave bags or
laptop computers una ended.

LOST AND FOUND
Any found item may be turned into the
Registra on Desk located in the
SPEAKERS
Gallery at the top of the stairs.
Please ensure that you go to the
Board Room to upload your
NAME BADGES
presenta on at least 2 hours before
you are due to present your
For security purposes, delegates,
speakers and exhibitors asked to wear presenta on. The Board room is
located at the top of the stairs. Please
their name badges to the sessions.
Entrance into sessions is restricted to go to the registra on desk if you need
assistance.
registered delegates only.
PARKING
Come to the registra on desk to
collected a Parking Ticket , which will
allow you to park free in Town at
Council pay parking areas while the ILS
conference is on. Please note that
George Street is an excep on.

VENUE
Palmerston North Conven on &
Func on Centre, Palmerston North
354 Main Street, Palmerston North.

FOOT WEAR
You will need covered sensible shoes
for the farm visit.
Covered shoes are a requirement for
PROGRAM
The Conference Organising Commi ee microbiology workshop.
reserves the right to change the
Conference program at any me
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General Information
ELECTRICITY
New Zealand's electricity supply runs
at 230/240 volts, and we use angled
two or three pin plugs (the same as
Australia and parts of Asia).

ROUNDING MONEY
Due to the discon nua on of 1c, 2c
and 5c pieces, purchases made in
New Zealand are subject to "rounding"
of amounts either up or down.

EMERGENCY DETAILS
The emergency (Police, Fire Service,
Ambulance or Search and Rescue)
telephone number in New Zealand is
111. It is a free phone call.

TAXES
A Goods and Services Tax (GST) of 15%
applies to all consumer goods and is
included in retail prices.

MOBILE PHONES
New Zealand operates on a 3G and
4G/LTE digital network. There are
three main cell phone companies in
New Zealand. All three of them own
and operate their own network of
towers:




Spark
Vodafone
2Degrees

Delegates are asked to switch oﬀ their
mobile phones , set them to silent
when in sessions.

TIPPING
Tipping is not the general custom in
New Zealand and service charges are
not added to accounts by hotels and
restaurants. However, you may p
hotel porters and food and drink
waiters in restaurants (up to 10% of
the bill) for special service. At any
me, pping is at your discre on.
TAXI & BUSES
Taxi Numbers :
 (06) 3 555 333
 (06) 3 512 345
Buses are cheap and are usually on
me but are in‐frequent especially in
the weekends.

SHOPPING
Shops open from 0900 to 1730 during
Local metable can be found here
the week with late night shopping on
Thursdays. Saturdays and Sunday most www.horizons.govt.nz
shops are open with ‘ The Plaza
shopping complex ’ open ll 1700 on
the weekend.
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CLIMATE & WEATHER AVERAGES IN
PALMERSTON NORTH
High Temp: 22 °C
Low Temp: 11 °C
Mean Temp: 16 °C
Precipita on: 87.9 mm
Humidity: 74%
Sunrise 6:06 a.m. (110°)
Sunset 7:56 p.m. (250°)
New Zealand sunlight can have high
levels of ultraviolet (UV) radia on. Sun
hats and sun screen are recommended
when outside .

TOURIST INFORMATION
New Zealand is represented at the
i‐SITE at the opposite end of the
square. You can get useful informa on
and book any organised tour or
individual travel including
accommoda on there.
SMOKING

It is recommended to apply Insect
repellent in the early evenings at this
me of year.

All indoor workplaces must be
smokefree. NO smoking in buildings,
this includes the Conven on Centre,
Massey University,oﬃces, restaurants,
bars, warehouses, factories, break
rooms, taxis, internal areas of trains
and ships, travel terminals and
passenger lounges etc

MEDICINE CENTRES
The Palms : 06 354 7737
Open 8am‐8pm everyday
445 Ferguson Street .

Palmerston North Council supports
the government's Smokefree 2025
goal. This means:

City Doctors : 06 355 3300
Open 8am – 10pm everyday
22 Victoria Avenue
P.N. Hospital : 06 356 9169
Open 24 hours
50 Ruahine Street.
Visitors to New Zealand are covered
under the local Accident
Compensa on Scheme for personal
injury by accident. Benefits include
some medical and hospital expenses,
but do not include loss of earnings
outside New Zealand. We therefore
recommend your travel insurance
policy also covers accidents.






smokefree streets in the City
smokefree cafes and retailers
smokefree events
smokefree parks and playgrounds

DRIVING
You can legally drive in New Zealand
for up to 12 months if you have either
a current driver's licence from your
home country or an Interna onal
Driving Permit (IDP).
In New Zealand all motorists drive on
the le ‐hand side of the road.
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Conference Venue
Palmerston North Conference & Func on Centre,
Palmerston North, New Zealand
354 Main Street, Palmerston North
Extensively redeveloped in 2001, the Palmerston North Conference & Func on
Centre features sophis cated audio visual, communica ons and informa on
technology which helps organisers to produce professional events with ease and
significantly reduces addi onal costs.
Over the past three decades the Palmerston North Conven on Centre has built
an enviable reputa on for professionalism and service excellence that sets us
apart from the compe on. Our high rate of repeat business is testament to the
fact that our clients’ expecta ons have been met or exceeded. With a versa le
range of func on spaces available to accommodate from six to over 600 guests.
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Palmerston North
Palmerston North City oﬀers the sophis ca on and diversity of a major city,
surrounded by an outdoor enthusiasts dream. Heritage collec ons, art galleries
and urban street art are prominent in Palmerston North, and go hand in hand
with the colourful array of cafes and dinning op ons that will take your taste
buds on a tour of the world.
Located 2 hours drive from Wellington and 70mins flight from Auckland,
Palmerston North is well located to all major transport links.
The weather in Palmerston North in November/December is late spring early
summer. Temperatures vary from 18 ‐ 25OC / 64 ‐ 770 F .
It is home to Massey University. Massey University con nues to be the leader in
land‐based sciences, the development, produc on and packaging of food,
educa on, sports exercise and management, business, social work and social
policy, Maori development, IT and engineering. It is also home to the newly
launched WH Oliver Humani es Research Academy, and New Zealand’s only
veterinary science programme, which is one of a few vet schools outside of
North America that have received American veterinary medical associa on
accredita on.
More detailed informa on on Palmerston North can be found
at www.manawatunz.co.nz/visit
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The following are some of the things that you can see and do in Palmerston
North
NEW ZEALAND RUGBY MUSEUM
The New Zealand Rugby Museum contains New Zealands biggest and most
comprehensive collec on of rugby memorabilia and records, including some of
the world's rarest rugby artefacts.
TE MANAWA
The cultural heart of the city, Te Manawa is a museum of art, science and
history. Learn about the Manawatu regions na onally significant Taonga, as
well as contemport art, science and heritage collec ons.
COACHHOUSE MUSEUM
Feilding's coach House Museum is home to an outstanding collec ons of New
Zealand's rural heritage, showcasing over 140 years of history. Visit the
coachhouse and a fascina ng historical journey through the lives of early se ers
and the development of the region.
VICTORIA ESPLANADE
Victoria Esplanade comprises of 19 hectares of stunning gardens and features
including bird aviaries, nature trails and a number of walks and a large duck
pond. The onsite cafe oﬀers tasty treats, ice cream and drinks, while a minature
railway oﬀers rides on weekends. Within the esplanade is the Dougal McKenzie
rose garden which 5,500 vari es and incorporates the Interna onal Rose Trial
Grounds.
LOCAL WALKS
Palmerston North is surrounded by beau ful countryside. A great way to
experience this is by trying one of our local walking trails.






Manawatu Gorge
Manawatu River
Sledge Track
Limestone Creek Reserve Glow Worm Caves
Iron Gates Gorge

RESTAURANTS AND SHOPPING
Palmerston North has a fantas c selec on of shopping ranging from bou ques
to malls and restaurants. We enjoy a culturally diverse city. This is reflected in
our fantas c selec on of local restaurants.
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SUPPORTERS

Mount Ngauruhoe, Central Plateau, North Island, New Zealand
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EpiCentre
The EpiCentre at Massey University, New Zealand, is the largest veterinary
epidemiology training and research centre in Australasia, and is widely
considered to be one of the leading groups in the world. It is lead by Professor
Cord Heuer.
The Centre’s research areas cover a number of animal species and diseases both
in New Zealand and overseas.
The EpiCentre provides quality postgraduate educa on and training in
epidemiology and data analysis at both master’s and PhD level.
We are leading the OIE Collabora ng Centre for Veterinary Epidemiology and
Public Health and are a member of the OIE Collabora ng Centre for Diagnos c
Test Evalua on Science
The EpiCentre and mEpiLab were awarded the Massey University Research
Medal 2013, for Dis nc on in Research.
The EpiCentre is a world leader in veterinary epidemiology training and
research.
The group has a commitment to using epidemiology to develop prac cal
solu ons to complex real‐world problems.
Visit our website and see what we have to oﬀer you ‐
epicentre.massey.ac.nz
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mEpiLab

Massey University’s Molecular Epidemiology and Public Health Laboratory
(mEpiLab) is located within the Hopkirk Research Ins tute on the Palmerston
North campus and is jointly led by Associate Professor David Hayman and
Dr. Jackie Benschop. Professor Nigel French is the execu ve director.
m

EpiLab mission is to improve the health of New Zealanders by developing and
applying new techniques to inform decision making and guide the preven on
and control of infec ous disease .
m

EpiLab and the EpiCentre form an OIE collabora ng Centre for Veterinary
Epidemiology and Public Health.
Our research has improved our understanding of the epidemiology, evolu on
and control of agents of infec ous disease and contributed to major reduc ons
in the rates of foodborne disease in New Zealand.
Research areas:

Cryptosporidium
and Giardia

Campylobacter

E. coli

Leptospira

Salmonella

To find out more about our ac vi es
mepilab.massey.ac.nz
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Massey University

We embrace diversity, talent and performance, and provide staﬀ and students
with an extensive range of opportuni es to develop intellectually,
professionally and personally.
Massey is known for:








Ground breaking research
The applied nature of many of our teaching and research programmes
Contribu on to land‐based industries
Dis nc ve mix of campus‐based, distance and interna onal teaching
Commitment to innova on
Close links with the community
An 80‐year tradi on of academic excellence

New Zealand itself is truly beau ful. New Zealand is renowned for its natural
resources, its breath taking scenery, its peacefulness, and the friendliness and
hospitality of its people.
The country is conveniently close to Asia, Australia and the South Pacific and
has a reputa on for being a safe and relaxing environment to live in.
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SPONSORS

The Wanaka Tree : Lake Wanaka , South Island, New Zealand
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MAJOR SPONSOR

Founded in 1968 by a French veterinarian, Virbac is an independent
pharmaceu cal company dedicated to animal health. The name Virbac is a
combina on of virology and bacteriology, reflec ng the strong history of
researching, developing and manufacturing solu ons for infec ous diseases in
animals. Now present in more than 100 countries, Virbac oﬀers a
comprehensive and prac cal range of products and services covering the
majority of species and pathologies. Leptospirosis vaccines and treatments for
both companion and produc on animals are produced and marketed in many of
Virbac’s subsidiaries.
Virbac innova on, based on both technological advances and listening to the
customers, relies on reac ve produc on facili es which meet the highest
interna onal quality standards. For nearly fi y years, these specific features
have allowed the company to build a personalised rela onship with
veterinarians and farmers in every country. Through this privileged partnership,
in which social, health and environmental issues come together, Virbac
con nues, day a er day, to shape the future of animal health.
nz.virbac.com
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MAJOR SPONSOR

The Agricultural and Marke ng Research and Development Trust, be er known
as AGMARDT, invests millions each year aimed at exploring market
opportuni es, encouraging innova ve ideas and developing future leaders
within the agribusiness sectors.
AGMARDT is an independent charitable Trust set up by the Government in 1987
with ini al funding of $32m from the wind up of the Bri sh, Christmas Island
and New Zealand Phosphate Commissions. Now with a fund of approximately
$90m we invest around $3‐4m annually back into the Agribusiness sector. Over
$70m has already been reinvested since incep on.
AGMARDT has a proven track record of making targeted investments that aim to
make a posi ve contribu on to the agricultural, hor cultural and forestry
sectors by:
·
Suppor ng business and industry groups to gain a deeper understanding
of their markets and iden fy and exploit poten al opportuni es, as well as
providing funding assistance to industry groups and businesses for interna onal
keynote speakers and experts to come to New Zealand and speak at
conferences and forums.
·
Encouraging and suppor ng industry sectors and businesses to develop
and implement innova ve solu ons to assist with transforma onal change
within agribusiness value chains
·
Building research capabili es within New Zealand science community in
new and expanding areas of research
·
Suppor ng ini a ves that develop future leaders and improve the
leadership and governance skills of individuals involved in agribusiness
With a vision “to catalyse and enable compelling innova on and leadership”, it
is impera ve that we have capable and talented people to take the industry
forward to meet the challenges of tomorrows markets successfully.
www.agmardt.org.nz
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MAJOR SPONSOR

At the Ministry for Primary Industries, we are working towards New Zealand
being the most trusted source of high‐value natural products in the world
through sustainable and growth, protec on from biological risk, and the
par cipa on of all New Zealanders.
As part of achieving this, MPI is commi ed to assis ng with opportuni es, like
this conference, for the interna onal community to share knowledge on animal
health issues. We are proud to be part of this event to support agriculture,
op mum animal health, eﬃcient produc on and science ini a ves here in New
Zealand.
The cost of Leptospirosis to the livestock sector in New Zealand is significant.
Awareness and adop on of the latest interna onal research applied to
management of leptospirosis on farms in New Zealand contributes significantly
to improving sector produc vity and in turns, contributes to heathy rural
communi es.
Thank you for a ending the conference and we look forward to sharing
knowledge and discussing prac cal applica on of Leptospirosis awareness and
preven on in our respec ve countries.
www.mpi.govt.nz
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WELCOME FUNCTION SPONSOR

www.svslabs.nz
The ILS Conference Commi ee would like to thank SVS Laboratories for their
support of our Welcome func on.

CONFERENCE SATCHEL SPONSOR

www.giltspurscien fic.com
The ILS Conference Commi ee would like to thank Linnodee Diagnos cs for
supplying the Conference satchels.
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KEYNOTE SPONSORS

www.zoe s.com

au.virbac.com

Kindly sponsoring the
’ One Health ‘
Session

Kindly sponsoring the
’ Economics and
Popula on Health ‘
Session

www.msd‐animal‐health.co.nz

www.simcro.com

Kindly sponsoring the
’ Leptospirosis in animals and
diagnos cs ‘
Session

Kindly sponsoring the
’ Immunity and vaccines ‘
Session
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FARM VISIT & BUS SPONSOR

au.virbac.com

SUPPORTING SPONSORS

founda on.massey.ac.nz

www.paykeltrust.co.nz
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lhvc.co.nz

CONFERENCE PROGRAMME

Sunrise : Taranaki , New Zealand

31
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Pre ‐ Programme
Monday 27th November
Start

Details
CONFERENCE & FUNCTION CENTRE
354 Main Street, Palmerston North.

16:00

Registra on desk opens and Poster moun ng Group 1

17:30

Tradi onal welcome (Powhiri)

18:00

Recep on ‐ Welcome func on
Drinks and Finger food

Welcome func on provided by
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Session Chairpersons
Session 1 :

Renee Galloway

Jackie Benschop

Session 2 :

Colleen Lau

Roderick Chappel

Session 3 :

John Crump

Michael Reichel

Session 4 :

Bibiana Brihuega

Marga Goris

Session 5 :

Peter Wilson

Emilie Vallee

Session 6 :

Julie Collins‐Emerson

Ben Adler

Session 7 :

David Haake

Caroline Cameron
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Programme ‐ "Life on the frontline"
Tuesday 28th November (Morning Session)
Start

Speaker

Details

8:00

Registra on desk opens and Poster moun ng Group 1

8:30

Opening ceremony

9:00

Julie Collins
Emerson

KEYNOTE: The History of Leptospirosis in New
Zealand
Session 1 : One Health

9:30

Colleen Lau

10:00

Cyrille Goarant Of soils, Leptospira and humans

10:15

Chandika
Gamage

10:30

KEYNOTE: Leptospirosis and Precision One Health

Control of Human Leptospirosis in Sri Lanka Diversity of
pathogenic leptospires among humans and animal
reservoirs
TEA BREAK

11:00

Vanina
Guernier

Eco‐epidemiology of Leptospirosis in the Pacific Islands
Countries and Territories: A Systema c Review

11:30

Vasantha
Kumari Neela

Pathogenic Leptospira In Rodents And Environment as
Poten al Source of Human Leptospirosis In Malaysia

11:45

Emilie Vallee

The role of domes c animals and rodents in human
leptospirosis in Fiji: a case‐control study

12:00

Renee
Galloway

Canine Leptospirosis Outbreak with No Iden fied
Symptoma c or Asymptoma c Zoono c Transmission

12:15

Marie Moinet

Is mammalian wildlife a source of Leptospira infec on
in livestock in New Zealand?

12:30

LUNCH
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Programme ‐ "Life on the frontline"
Tuesday 28th November (A ernoon Session )
Start Speaker

Details

Session 2 : Outbreak response, control, extension and community work
13:30 Jackie Benschop KEYNOTE: Communica ng leptospirosis outbreaks – it
takes a village.
14:00 Fiona Gower

Community and Science Working Together Against
Leptospirosis

14:15 Rukman Awang
Hamat

Knowledge, a tude and belief on leptospirosis among
rural residents in Hulu Langat areas, Selangor

14:30 Aziah Daud

Community's Knowledge, A tude, Prac ce and Health
Belief towards Leptospirosis

14:45 Muhammad
Gasem

Challenges of diagnosing leptospirosis in Indonesia:
atypical manifesta ons and lack of diagnos c methods

15:00

TEA BREAK

15:30 Tim Scotland

On‐farm and within veterinary prac ce risk management
in response to a leptospirosis infec on in a dairy herd

15:45 Kanchana
Bandara

Modified Faine's Criteria; A Useful Diagnos c Tool in
Resource Poor Se ng

16:00 Roman Thibeaux Biofilm of pathogenic Leptospira a compromise between
virulence and environmental survival?
16:15 Miguel Salgado

Detec on and molecular characteriza on of pathogenic
Leptospira isolated from alien American mink (Neovison
vison) kidney ssue

16:30 Kanae Shiokawa Leptospira infec on in rats, mice and mongooses on the
island of Saint Ki s
16:45 Nipun de Silva

17:00

Can Peripheral Blood Smear Discriminate between
leptospirosis, dengue and sepsis; A preliminary
compara ve study
End of day 1

17:00 Symposium
Richard Hilson

Scien fic Symposium (VIRBAC)
Clinical experience with leptospirosis in the paddock in
New Zealand

Robert Dempster How to develop a leptospiral vaccine for ca le – A primer
John Moniga

Leptospirosis Claims Management in ACC
36
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Programme ‐ "One for all and all for one"
Wednesday 29th November
Start Speaker

Details

8:00

Registra on desk opens
Session 3 : Economics and Popula on Health

8:30

Michael
Baker

KEYNOTE: Responding to Leptospirosis: A Public Health and
One Health Approach

9:00

Surian
Sukeri

Economic Assessment of Leptospirosis Preven on and Health
Promo on

9:15

Pablo
Tortosa

Overview of Leptospiroses in southwestern Indian Ocean
islands

9:30

Janith
Leptospirosis Mortality of Sri Lanka from 1959 to 2017; a
Warnasekara systema c review

9:45

Pandji
The Changing Epidemiology and Burden of Human
Dhewantara Leptospirosis in China

10:00 Shahista
Nisa

Descrip ve Epidemiology of Human Leptospirosis in New
Zealand: 1999 to 2016

10:15 Gustavo
Mon

A Structured‐Age Mul Host System for Modelling the
Transmission of pathogenic Leptospira

10:30

TEA BREAK—Taxonomic Sub‐Commi ee Mee ng

11:00 John Lowry

Using Geographically‐Weighted Regression to Understand
Spa al Varia on in the Influence of Environmental Drivers on
Leptospirosis Transmission in Fiji

11:15 Helen
Mayfield

Predic ve Risk Mapping of Human Leptospirosis in Fiji using
Spa al Bayesian Networks

11:30 Sudarat
Chadsuthi

Associa on between a remotely sensed flooding indicator and
buﬀaloes and ca le leptospirosis cases in Thailand 2011‐2013

11:45 Patrick
Pithua

Leptospirosis in Aba oir Workers in Uganda: A Risk
Assessment Pilot

12:00 Farida
Handayani

Distribu on of Leptospira Serovars among Rats as the Poten al
Reservoir of Leptospirosis in Indonesia

12:15 Eric Klaasen Importance of undetected serum an bodies for protec on
from leptospirosis, including an bodies against serovar Hardjo
in ca le
12.30

Farm Excursion & Workshop

17:30

End of day 2
37
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Programme ‐ "Clinicians and their pa ents"
Thursday 30th November (Morning Session)
Start

Speaker

8:00

Details
Registra on desk opens and Poster moun ng Group 2

Session 4 : Clinical disease and diagnosis in humans
8:30

Renee Galloway KEYNOTE: Clinical Disease and Diagnosis of
Leptospirosis in Humans

9:00

Padmakumar
Balasundaram

A study on the epidemiological, Clinical and Laboratory
profile of Leptospirosis with a view to develop a
predic on model

9:15

Roshan Niloofa

Real‐ me qPCR as a reference standard test for
diagnosis of leptospirosis

9:30

Indira Fonseka

Valida on of ELISA and Immunochromatography
methods with Microscopic Agglu na on Test in Early
Leptospirosis

9:45

Chamil
Marasinghe

Predictors of disease severity of leptosposis on
admission ‐ A Sri Lankan Study

10:00 Claudia Toma

Evalua on of a leptospiral enzyme for diagnosis of acute
leptospirosis

10:15 Sasipha
Tachaboon

Study of Diagnos c Accuracy Comparison of 3 Diagnos c
tests for Early Diagnosis Human Leptospirosis: Result
from Thai‐Lepto AKI study

10:30

TEA BREAK

11:00 John Crump

Three Species Of Leptospira Detected In Blood Of
Pa ents With Fever In Northern Tanzania

11:15 Michael Maze

The Global Distribu on and Host Range of Leptospira
Species and Serovars

11:30 Indika
Senavirathna

Cytokine response among pa ents with complicated
leptospirosis: a systema c review

11:45 Chintana
Chirathaworn

Immunoreac vity of Leptospira collagenase with sera
from Leptospira‐infected animals and humans.

12:00 Na achai
Srisawat

The Correla on of Leptospiremia and Organ Dysfunc on
in Leptospirosis: Result from Thai‐Lepto AKI study

12:15 Derren Ready

Cross‐reac vity of leptospirosis IgM EIA with other key
pathogens: retrospec ve review across 2 years at
Na onal Reference Laboratory, United Kingdom

12:30

LUNCH—Execu ve commi ee mee ng
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Programme ‐ "Clinicians and their pa ents"
Thursday 30th November (A ernoon Session)
Start

Speaker

Details

Session 5 : Leptospirosis in animals and diagnos cs
13:30 Kathryn Allan

KEYNOTE: Pa ent, host or reservoir? A mul ‐faceted
perspec ve on animal leptospirosis

14:00 Hui‐Yee Chee

Detec on of Leptospira spp. using tapered op cal fiber

14:15 Victor Montes

Assessment of urine shedding of pathogenic leptospira
in naturally infected dairy ca le

14:30 Lela Suut

Diversity and Prevalence of Leptospira sp. Serovars in
Wild Rodents in Sarawak, Malaysia

14:45 Stéphane Koﬃ

Reservoir of Leptospira sp in small mammal species in
Côte d’Ivoire, preliminary study

15:00

TEA BREAK

15:30 Luisa Olmo

Serological evidence of Leptospira interrogans serovar
Hardjo in smallholder ca le and buﬀalo in Lao PDR

15:45 Ariane
Schweighauser

Therapeu c plasma exchange in dogs suﬀering from
leptospirosis

16:00 Nadja Bier

Distribu on of Leptospira spp. sequence types in small
mammal popula ons in Germany

16:15 Be na
Wollanke

Laboratoy diagnosis of leptorspiral uvei s in horses

16:45 Yuni Yupiana

Shedding and Seroprevalence of Leptospira in Dairy
Ca le in New Zealand

17:00
19:00

End of day 3
GALA DINNER with cultural show
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Programme ‐ "From molecules to protec on
Friday 1st December (Morning Session)
Start

Speaker

Details
Registra on desk opens

8:00

Session 6 : Immunity and vaccines
8:30

Ben Adler

KEYNOTE: Immunity and vaccine development in
leptospirosis

9:00

Julie Cagliero

Ac va on of macrophages upon Leptospira exposure:
role of the an ‐inflammatory cytokine IL‐10

9:15

Syed Faisal

Innate immune response to Leptospira infec on:
Understanding is the key to developing improved
vaccines

9:30

Shen‐Hsing Hsu

Loa22 Interacted with Toll‐like Receptor 2 through
pep doglycan (PGN) in pathogenic Leptospira

10:00 Shijun Li

10:30

Leptospira interrogans infec on leads to IL‐1B and IL‐
18 secre on from human macrophages through an
NLRP3 inflammasome‐dependent pathway
TEA BREAK

11:00 Camilo
Tomckowiack

Applica on of an Immunomagne c Separa on‐PCR
Assay to Detect Pathogenic Leptospira in Ca le Urine
Samples

11:30 Ryo Ozuru

Adipose ssue is the first coloniza on site of
Leptospira interrogans in subcutaneously infected
hamsters

11:45 Maria Gomes‐
Solecki

Pre‐treatment with Lactobacillus plantarum prevents
severe pathogenesis in mice infected with Leptospira
interrogans serovar Copenhageni

12:00

AGM

12:30

LUNCH
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Programme ‐ "From molecules to protec on
Friday 1st December (A ernoon Session)
Start

Speaker

Details

Session 7 : Molecular typing and genomics
KEYNOTE: Insights from 15 years of genome
13:30 Mathieu
Picardeau
sequencing in Leptospira
Leptospira species molecular epidemiology in the
14:00 Karina Caimi
genomic era
14:15 Leslie Thian Lung Proteomic profile of human leptospirosis pa ents
Than
14:30 David Wilkinson Scalable compara ve genomics to address key
ques ons for modern leptospirosis research in New
Zealand
14:45 Keiko Sakakibara Characteriza on of Leptospira isolated from soil
collected in Japan
15:00
TEA BREAK
15:30 Si Roszilawa
Ramli
15:45 David Haake
16:00 Milagros
Zavaleta
16:15 Ai‐Hua Sun

16:30 Joana Ho
16:45 Paulo Ho
17:00
17:30

Whole Genome Sequences Analysis of Leptospira
interrogans from Clinical Source
Leptospira interrogans LIC12327 is an Adenylate
Cyclase Involved in Pathogenesis
Molecular characteriza on through WGS‐MLST and
gene c diversity analysis of Peruvian Leptospira
isolates
A FasL‐like outer membrane protein and
lipopolysaccharide of Leptospira interrogans induce
macrophage apoptosis through Fas/FasL‐caspase‐8/‐3
pathway
Characteriza on Of Possible Moonligh ng Func ons
Of GroEL Protein Of Leptospira spp.
Iden fica on and evalua on of new adhesins of
Leptospira interrogans by shotgun phage display
CLOSING CEREMONY
End of day 4
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Post Conference Excursion

Saturday December 2
I nerary
8.15 am
11.00 am
11.15am
11.45am
12.00 noon
1.15pm
1.45pm
2.45 ‐ 3.00pm
3.30pm

4.00pm
6.30pm

Depart Palmerston North from Conference & Func on Centre
Arrive at Mission Winery Estate, seated at table to place meal
orders and leave belongings, then moving to cellar door
Wine tas ng at Cellar Door (while meals are prepared – 30‐40
mins)
Breads served – followed by
Main Course served
Depart for Napier
Arrive Napier
Independent or arranged tour of waterfront/art deco.
Depart Napier
Clearview winery/restaurant
A ernoon tea/coﬀee and snack
Op onal wine tas ng (3 complimentary, >3 $6 charge at own
expense, refundable with purchase)
Depart for Palmerston North
Arrive Palmerston North Conference & Func on Centre

Total cost $120
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Conference Workshops
3rd — 5th December 2017
“Epidemiology, Microbiology & Genomics”

In 2017, for the first me, the ILS conference “Science for People” is oﬀering
prac cal workshops to delegates which are designed to provide training and
hands‐on experience in leptospirosis research.
In order to cover a variety of diﬀerent aspects of leptospirosis research ILS
workshop team leaders, Dr Emilie Vallee, Dr Julie Collins‐Emerson and Dr David
Wilkinson have put together three modern and unique three day crash‐courses:

ILS conference delegates have shown remarkable support for this ini a ve, with
approximately 40 individuals (about 20 % of delegates) signing up to one of
these courses.
We look forward to welcoming workshop a endees on the 3rd, 4th and 5th of
December, on the Massey University’s Palmerston North Campus.
Workshops will run from 9am—5pm each day. Lunch and refreshments are
provided. Please make your way to the main entrance of the Massey campus for
registra on, which starts at 8:30am on Sunday the 3rd.
Direc ons to the workshop venues are provided on the following page.
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Conference Workshops
3rd — 5th December 2017
“Epidemiology, Microbiology & Genomics”

This map shows direc ons from the ILS conference centre to Massey University,
where the workshops will be held

Star ng Registra on is 8:30 am—9 am on Sunday 3rd December
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Conference Workshops
3rd — 5th December 2017
“Epidemiology, Microbiology & Genomics”

This map shows the Massey campus

Morning welcome and registra on on Sunday— building 1.
Epidemiology Workshop—building 30, Level 2
Microbiology Workshop— building 24, Room 2.62
Genomics Workshop—building 3a, Room CLBSC1
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KEYNOTE SPEAKERS

Cape Kidnappers , Hawkes‐Bay , New Zealand
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Keynote Speakers

Tuesday 28th November 2017— Opening Ceremony

Dr Julie Collins Emerson
Massey University
Julie’s involvement in leptospirosis research began 25 years
ago as a post‐doc. in the Veterinary Ins tute at Massey
University and she has con nued to maintain ac ve in this
field of research. She is a founding member of the Leptospirosis Research Group
at Massey University which has grown in that me from a total of two people to
now around ten. The research covers the epidemiology of leptospirosis in
livestock, humans, wildlife and the environment as well as diagnos c tes ng for
leptospirosis, which is her par cular area of interest. She provides exper se and
training both na onally and interna onally.

Tuesday 28th November 2017— Session1

Dr Colleen Lau
Australian Na onal University
Dr Colleen Lau is a clinician with special interest in travel
medicine and tropical medicine. Colleen’s research interests
include infec ous disease epidemiology, emerging infec ous
diseases, environmental health, spa al epidemiology, travel
vaccina ons, malaria prophylaxis, tropical medicine, and the impact of global
environmental change on infec ous diseases. Her research projects focus on
answering prac cal ques ons in clinical management of infec ous diseases, and
opera onal ques ons on improving strategies to solve public health problems.
She is currently an NHMRC Fellow in the Department of Global Health at the
Research School of Popula on Health.
Dr Lau has a par cular interest in the eco‐epidemiology of leptospirosis, and the
impact of global environmental change (including climate change, flooding,
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popula on growth, urbanisa on, agricultural intensifica on, and biodiversity
loss) on the transmission dynamics of this disease. Her work has included eco‐
epidemiology studies and risk mapping of leptospirosis in American Samoa, Fiji,
and Queensland. She was also engaged as a WHO consultant to help develop
Fiji's Na onal Guidelines for Diagnosis and Management of Leptospirosis.
Another special research interest is lympha c filariasis elimina on, to
determine the most eﬀec ve strategies for managing the endgame of the global
disease elimina on program. Dr Lau is currently leading an opera onal research
project on lympha c filariasis elimina on in American Samoa, in collabora on
with the Taskforce for Global Health, CDC Atlanta, and the American Samoa
Department of Health.
Dr Lau is a regular guest lecturer in Tropical Medicine at James Cook University,
in Travel Medicine at the University of Otago, and at Con nuing Medical
Educa on (CME) events for General Prac oners.

Tuesday 28th November 2017— Session 2

Dr Jackie Benschop
Massey University ‐ Ins tute of Vet, Animal and Biomedical
Sciences
Jackie is a veterinary epidemiologist co‐direc ng an inter‐
disciplinary research group which answers ques ons about
a ribu on and
transmission of infec ous disease. She is passionate about relevant and ethical
public health research, teaching and mentoring,
community engagement with science and her family. Jackie’s research fields
include leptospirosis, food safety, an microbial resistance
and climate change.
Jackie is a founding member of the African Leptospirosis Network and an
execu ve commi ee member of the Global Leptospirosis Environmental Ac on
Network.
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Wednesday 29th November 2017— Session 3

Professor Michael Baker
University of Otago
Professor Michael Baker is public health physician and
professor of public health at the University of Otago in
Wellington. He has a long standing interest in all types of
infec ous diseases as well as environmental health more
generally, including the eﬀects of farming prac ces, climate change and housing
condi ons. He has published more than 250 peer‐reviewed papers on these
subjects.
His fascina on with infec ous diseases developed when he worked at New
Zealand’s na onal infec ous disease surveillance centre (now ESR) in the 1990s.
Leptospirosis became a par cular interest because of New Zealand’s high rates,
and because of its importance as an occupa onal infec ous disease and direct
zoonosis.
Michael was impressed by the strong history of collabora on between
veterinary and human health sectors in bringing down rates of leptospirosis
over past decades ‐ one of several ‘One Health’ success stories in New Zealand.
He con nued his interest in leptospirosis at the University of Otago clinical
school and has maintained a close working rela onship with veterinary
epidemiologists at Massey University.
Michael is leading and collabora ng on mul ple research projects concerned
with infec ous disease epidemiology and control, with a par cularly focus on
zoonoses, rheuma c fever and influenza. He is Director of the University’s
Health Environment Infec on Research Unit (HEIRU) and is a founding member
of One Health Aotearoa (OHA).
In 2013 Michael was awarded the Health Research Council’s Liley Medal for his
contribu on to the health and medical sciences. In 2014 he received the Prime
Minister’s Science Prize as a member of He Kainga Oranga/Housing and Health
Research Programme. Michael has worked interna onally for the World Health
Organisa on (WHO) and is currently a Member of the WHO Regional
Verifica on Commission for Measles Elimina on. He is a Chief Inves gator for
the Australian based Integrated Systems for Epidemic Response (ISER). Michael
has a strong interest in science communica on and is a member of the Advisory
Board of the Science Media Centre.
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Thursday 30th November 2017— Session 4

Renee Galloway
Centers for Disease Control and Preven on
Renee Galloway earned a Bachelor of Science degree in
Medical Technology from the University of Minnesota and a
Master of Public Health from Emory University. She spent five
years working as a bacteriologist with a state health
department and has since served in various laboratories at the Centers for
Disease Control and Preven on (CDC), including bioterrorism response, whole
genome sequencing, iden fica on of unknown bacteria causing systemic
infec on in humans, and influenza.
She currently holds a posi on as a microbiologist in the Zoonoses and Select
Agent Laboratory, Special Bacterial Pathogens Branch, at the CDC and serves as
the Subject Ma er Expert for leptospirosis at CDC. She is also a Commander in
the United States Public Health Service and has received awards for
bioterrorism and hurricane responses, influenza response and surveillance,
leptospirosis outbreak response, and for the development of an iden fica on
scheme for Leptospira.
Thursday 30th November 2017— Session 5

Kathryn Allan
University of Glasgow
Despite recent advances in disease control, many of zoono c
infec ons remain rela vely under‐diagnosed and neglected in
developing countries. Endemic bacterial zoono c infec ons
such as leptospirosis con nue to have a substan al impact on
human health and animal health and produc vity in impoverished communi es
where people live in close contact with wild and domes c animals.
As a veterinarian and infec ous disease researcher, I am par cularly interested
in understanding and controlling zoono c disease at the human‐animal
interface, especially for infec ons with wildlife reservoirs of infec on. My
current research focuses on exploring the epidemiology of leptospirosis and
other zoono c infec ons in people and animals in sub‐Saharan Africa. Current
projects include inves ga ng the role of rodents and livestock in the
epidemiology of leptospirosis in northern Tanzania, and exploring pa erns of
Leptospira infec on and diversity in people and animals on a larger scale across
the African con nent.
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Friday 1st December 2017— Session 6

Professor Ben Adler
Monash University
Professor Ben Adler is interested in the smallest things, which
also happen to be among the deadliest: microscopic bacteria
that can cause fatal infec ons in animals and humans. In his
world, where evolu on takes place at the cellular level, a new killer is
demanding more of his me ‐ an bio c‐resistant bacteria.
Ben is the Director of the Australian Research Council Centre of Excellence in
Structural and Func onal Microbial Genomics. He's been a microbiologist for 30
years but has never been quite so worried by a bug as the one now under his
microscope ‐ Acinetobacter baumannii, a poten ally deadly an bio c‐resistant
bacterium that has appeared in hospitals worldwide.
He and his team have been funded to inves gate how Leptospira causes disease
and iden fy which of its 3000 to 3500 genes are involved. He does this by
knocking out some genes to see if that stops or slows the bug's disease‐causing
ability. 'But Leptospira is a diﬃcult bug,' he says. 'It's only in the last five or six
years that we've been able to do that with it.'
Ben works with researchers in France, who developed a similar gene‐knockout
technique independently, to probe the bug. His team are also funded to work
on fowl cholera, which can devastate poultry farms, and the human disease,
melioidosis, a soil‐borne disease in northern Australia and South East Asia with a
mortality rate of 20 to 50 percent.

Friday 1st December 2017— Session 7

Dr Mathieu Picardeau
Ins tut Pasteur France
Dr Mathieu Picardeau is Head of the Laboratory of
Spirochetes, Dpt. Microbiology at the Ins tute Pasteur in
Paris/France, and Director of WHO‐Collabora ng Centre for
the Epidemiology of Leptospirosis which also is the French Reference Centre for
Leptospirosis. He also leads the Taxonomic group of the Interna onal
leptospirosis Society (ILS). Dr Picardeau published over 70 scien fic ar cles
about spirochete genomics, especially Leptospira.
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CONFERENCE DAY 1
TUESDAY 28TH NOVEMBER
"LIFE ON THE FRONTLINE"

Mount Ruapehu , Tongariro Na onal Park , New Zealand
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Opening Ceremony —Keynote Speaker
THE HISTORY OF LEPTOSPIROSIS IN NEW ZEALAND
Julie Collins‐Emerson
m

EpiLab OIE Collabora ng Centre, Infec ous Disease Research Centre, (IDReC), Hopkirk Research
Ins tute, Ins tute of Veterinary, Animal & Biomedical Sciences Massey University,
Palmerston North, New Zealand, 4410

Like many geographically isolated islands, New Zealand has an unusual fauna
composi on. It has only two na ve land mammals, both of which are bats. The
arrival of Māori in approximately 1300[1] brought the Kiore (Rat –R. exulans) and
Kurī, (the Polynesian dog) and, later colonisa on by Europeans in the 19th
century brought domes c livestock and other exo c mammals such as
hedgehogs (E. europaeus), mice (M. musculus), rats (R. ra us, R. norvegicus)
mustelids, cats and possums (T. vulpecula). The New Zealand economy has a
substan al agricultural base and large numbers of sheep and ca le were
imported in 1840s‐1860s, primarily from Australia[2]. It is thought that
pathogenic Leptospira entered New Zealand with these imported mammals and
that this is why the number of serovars known to be endemic is small and
distribu on restricted to exo c mammals.
The first field cases of leptospirosis in New Zealand were iden fied in 1951[3] in
an outbreak in calves on a farm in Kowhi rangi in the Westland region. This was
subsequently iden fied as a Pomona infec on. Human cases of the disease were
linked to this outbreak and confirmed by Kirschner et al.[4] at Otago Medical
School. Addi onally, leptospirosis was linked to 76 farms in Northland where
‘redwater’ was reported during the calving season in 1952[5]. Increasingly,
leptospirosis was recognised as a significant problem in the pig[6] and dairy
industries[7,8], and the farmers associated with, them hence the monikers
‘Swineherd’s Disease’ and ‘Dairy Farmer s’ Disease/Dairy Farm Fever’
respec vely, peaking at 875 human cases in 1971[9].
Research in New Zealand slowly gained momentum as the impact of the disease
began to be more fully appreciated. Solomon Faine inves gated the growth,
metabolism and virulence of Leptospira through Otago University, publishing his
MD thesis in 1958. The early ‘60s saw the opening of the Massey veterinary
school. The first wave of leptospirosis research to come out of this university
began in that decade with Roger Marshall’s personal interest in the subject and
which culminated in him publishing his PhD thesis in 1973 in which he
inves gated Pomona infec ons in New Zealand.
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Concurrently, the growing concern around the impact of this disease on both
animals and people in the farming sector, saw the start of a fund‐raising
campaign in the 1970s‐1980s by the Women’s Division of Federated Farmers
(now Rural Women NZ) that saw over $200,000 raised for research. Massey
University was most fortunate to benefit from their support as well as from
other groups such as the Pork Industry Council, Accident Corpora on
Commission NZ, and some pharmaceu cal companies. This eventuated in a very
exci ng, ac ve, research programme that extended for the next decade or so.
Researchers such as Brokie[10], Hellstrom[11], Hathaway[12], Ryan[13] , Mackintosh
[14]
, and Schollum[15] under the tutelage of Roger Marshall and David Blackmore,
built a fundamental knowledge base around the iden fica on of endemic
serovars, host species and prevalence in NZ. Early studies in the epidemiology of
leptospirosis in meat workers were also ini ated[16]. Ryan and Marshall
reported the first isola on in NZ[17] of a Tarassovi from a pig with Bolt
comple ng a PhD on the epidemiology of leptospirosis in pig herds in 1990[18].
The research tools were based on the Micro Agglu na on Test and culture. In
1981 Roger Marshall [19] pioneered the use of the rela vely new technique of
Restric on Endonuclease Analysis of genomic DNA to their research which
enabled the very closely related (both serologically and gene cally) Balcanica
(possum variety) and Hardjobovis serovars to be dis nguished. Towards the end
of the decade slot‐blot hybridisa on was also used to dis nguish between
Hardjoprajitno and Hardjobovis[20] and to further diﬀeren ate pathogenic
Leptospira into new species[21].
It was also in the early 1980s that a successful vaccina on programme for pigs
[22]
and dairy ca le[23] was introduced. The following 10 years saw a correla ve
drama c decrease in the incidence of leptospirosis in both humans[24] and
animals with no fied cases rela vely stable at about 100/year ll the late ‘90s.
More epidemiological data were collected on leptospirosis in deer[25], sheep[26],
calves[27] and pigs[18,28] in the ‘90s to early 2000s. (A valuable overview of that
industrious research period from 1951‐2001 was wri en by Roger Marshall and
Bill Manktelow[29]).
However, by the mid‐2000s leptospirosis was assumed by many to be largely
‘done and dusted’ resul ng in rela vely li le interest or funding for this area of
research and this le the few leptospirologists in NZ hanging‐on with grim
determina on to try and maintain research capability. Understanding the
consequences of losing this exper se, the Massey veterinary school had the
foresight to contract Roger Marshall and Julie Collins‐Emerson for a few hours a
week to keep the leptospirosis laboratory cking over during this very lean me.
This support was crucial to the survival of the laboratory.
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There have been many changes in the NZ farming sector in the last 50 years.
1969 saw the introduc on of commercially successful deer farming. The ini al
high income from deer farming brought about many farm conversions but in
later years, the lowering of profit margins drove many farmers into mixed stock
farming i.e. combina ons of sheep, beef and deer, likely resul ng in between‐
species transmission. Government agricultural sector subsidies were removed in
the 1980s. High dairy prices in the last couple of decades have seen the increase
in dairy stock numbers as well as large numbers of dairy herds being shipped
from the North Island to the South Island. Climate change has also been evident
in the last couple of decades. It is thought that these changes in farming
prac ce and climate may well have contributed to some of the shi s observed
in the epidemiology of leptospirosis in NZ since the early days of research.
Examples include, apart from ca le, sheep and deer now ac ng as reservoir/
maintenance hosts for Hardjobovis in this country. Two studies that formed the
founda on of our knowledge of leptospsirosis in deer were undertaken in the
early to mid‐2000s. Basic epidemiological informa on in commercially raised
deer was gathered. Key findings/informa on included serological prevalence
data for Pomona, Hardjobovis and Copenhageni in deer, valida on of vaccine
eﬃcacy in deer and the absence of maternal an body interference plus, the
improved reproduc on eﬀects (9%) as a response to vaccina on[30]. A follow‐on
project demonstrated significant posi ve eﬀects on produc on and growth in
deer herds when challenged by natural infec on[31] and also gathered
preliminary serological data on mixed‐species farms[32] that later led to a more
in‐depth evalua on of the eﬀects of leptospirosis on growth and reproduc on
in sheep[33] and beef.
By the late 1990s, human cases had started to creep upwards and leptospirosis
hit the news headlines. Although the disease was acquired overseas, the near
death in 1994 of Steve Gurney, a famous NZ extreme athlete, caught the
public’s a en on. In 1999 two farmers were prosecuted for not vaccina ng
their dairy herds when their workers contracted leptospirosis. Leptospirosis
featured in the news in 2001, when a fisherman in Northland died of the disease
and again in 2005, with the death of a meat worker at a sheep only aba oir in
the Hawkes Bay. These reports began to galvanise public concern. In response,
Rural Women NZ raised $107,000 dollars which was used to support a public
health focused PhD project[34] that studied exposure of sheep, beef and deer
aba oir workers on the slaughter board. This study iden fied risks associated
with work posi on on the slaughter chain[35,36] as well as diﬀerent risk profiles
according to what type of animal was being slaughtered. Rural Women NZ
funds also contributed towards another PhD[37] that looked at the eﬃcacy of
diﬀerent diagnos c tests for leptospirosis. So began a new, ac ve phase of
research. The core Massey team expanded in those years to comprise
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researchers with exper se in epidemiology, produc on animals, molecular
biology/diagnos cs and culture and this expanding skill set helped extend the
group’s research to now cover many areas of leptospirosis e.g. produc on
animals[38,39,40,41]/horses, companion/working animals[42], emergence of new
strains/host‐serovar interac ons[43], wildlife, veterinary public health[44,45,46], the
assessment of the economic impact to NZ[47,48], Leptospira in the environment,
assessment of vaccina on eﬃcacy/challenge trials[49,50] and the fine‐tuning
vaccina on programmes[22] diagnos cs[51], genomics[52,53,54], and
epidemiological modelling[48]. It is a mul ‐disciplinary and One Health approach.
Addi onally, the Massey group has been involved in the inves ga on and
management of local outbreaks[44] and is also ac vely engaged with overseas
colleagues/projects including WHO, OIE, GLEAN, and in training/advising and
spans both the veterinary and human public health spheres[45,55].
So, on reflec on, what are some our key learnings or salient points over the
years? Firstly, leptospirosis is a dynamic disease and complacency is the enemy.
Popula on growth and the associated increased interface between urban, rural
and wildlife habitats, altered farm prac ces, climate and environmental change
are all contribu ng to the evolving epidemiology of leptospirosis in NZ. Genomic
studies have already indicated some serovars in this country are undergoing
changes in genome structure and host species adapta on[54]. Another point is
that leptospirosis is possibly best treated as a collec on of diseases whose
presenta on and epidemiology should be considered within the context of the
serovar‐host combina on. There are also insights to be had from undertaking
research in this unusual ecosystem created by being geographically isolated
islands i.e. where there are a limited number of serovars that most likely all
entered the country through the importa on of mammals. Both the similari es
and contrasts with other situa ons around the world lend depth to our
understanding of this complex disease here and can shed light on other more
complicated situa ons overseas where teasing‐out confounding factors may be
more diﬃcult.
The obvious challenge NZ experiences in common with all researchers is that
around reliable funding streams and the associated diﬃcul es of planning and
maintaining skills and exper se in an uncertain financial climate. Massey’s
experience in the mid ‘90s also highlights the need to eﬀec vely communicate
to ins tu ons/government bodies/industry the risk associated with failing to
retain at least minimal research capability. It needs to be recognised that
working with Leptospira is a specialist area in microbiology and once lost, it can
take a very long me to rebuild exper se and research capability – this is from
personal experience. Surveillance and preven ng the unintended importa on of
exo c serovars is also a con nuous biosecurity challenge for this geographically
isolated na on.
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With regards to the posi ves, one of these is that New Zealand benefits from
being a small country, with a rela vely simple, two‐ ered government; that
being local government and the na onal government. This, plus the
compara ve informality of society, facilitates an access to policy makers/
ministerial bodies that are not so easy in some other countries that have
mul ple layers of government. The fact that New Zealand has only the one
veterinary school and two medical schools means that connec ons/networks
are readily made and maintained within the country. Making and growing the
collegial links between the veterinary and medical professions in the last couple
of decades has been extremely beneficial in progressing research and in the
management of this zoonosis in NZ.
Another area considered as a success, and one that has greatly facilitated
research and disease control, is the ac ve engagement and generous support by
many groups in the country that have a vested interest in this issue. These
include government departments over the years such as the Department/
Ministry of Health, Department of Labour and the Ministry of Primary
Industries; crown en es such as the Accident Corpora on Commission and the
Ins tute of Environmental Science and Research, regional public health unit
oﬃcers, nurses, doctors, meat workers and their unions, meat processing
companies, veterinarians and their representa ve body NZVA and, animal
health companies and industry organisa ons such as Deer Industry NZ, Beef and
Lamb NZ and DairyNZ. Extension work has been a very rewarding and useful
area of growth for the group in the last few years. There have been
opportuni es to provide advice to various organisa ons regarding protec on
and control of leptospirosis in the work place[56]. A successful forum that
brought representa ves from many of these organisa ons/professions
together, to present new findings and discuss problems, was held at Massey
University in March this year[57]. The ability of these groups to disseminate
per nent informa on/educate those at the ‘coalface’, marshal assistance and
gather informa on for research programmes has been invaluable and the team
is very indebted to them. The use of mul ‐media pla orms such as TV,
newspapers, profession‐based magazines, educa onal DVDs, a dedicated
website[58] and webinars have also proved very useful addi onal tools in
engaging and providing informa on to many diverse groups in NZ.
Finally, this broad‐based, mul ‐disciplined approach to research, along with the
ac ve engagement of stakeholders, is proving very eﬀec ve in furthering our
understanding of leptospirosis and for the development of more eﬀec ve
management strategies for this challenging and evolving disease in NZ.
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LEPTOSPIROSIS AND PRECISION ONE HEALTH
Dr Colleen Lau
Australian Na onal University

Leptospirosis is one of the most common bacterial zoonosis worldwide, with >1
million severe infec ons annually, and up to 30% case‐fatality. Humans can
become infected through direct contact with animals including rodents,
livestock, domes c pets and wildlife, or through contact with soil and water
that has been contaminated by the urine of infected animals.
Leptospirosis is an emerging infec ous disease in many contexts, with
increasing frequency and severity of epidemics; changing geographic
distribu on and serovar pa erns; and evolving clima c, socio‐demographic, and
environmental drivers of transmission. Recently, unprecedented outbreaks
have resulted from the combined driving forces of climate change, flooding,
urbanisa on, poverty, and agricultural intensifica on. These forces have in turn
been driven by popula on growth – planetary overload leading to climate
change, urbanisa on in developing countries invariably resul ng in peri‐urban
slums, and more intensive farming with the rising demand for food. A growing
concern is that with global environmental and demographic change, the driving
forces may independently, or poten ally synergis cally, further increase
leptospirosis transmission in the future.
Many of the environmental and ecological drivers are beyond the immediate
control of individuals or small communi es. Sustainable disease control will
therefore require eﬀec ve public health and environmental health
management from higher levels. One of the challenges with developing
eﬀec ve preven on and control strategies is that the risk factors and drivers of
leptospirosis transmission can vary significantly between places and
subpopula ons, even within small remote islands. To maximise the cost‐
eﬀec veness and impact of interven ons, public health and environmental
health eﬀorts should ideally be specifically targeted towards the most
important risk factors and drivers in each place and for each subpopula on.
Following the principles of the new movement of ‘Precision Public Health’, we
should explore novel approaches to using data and technology more eﬀec vely
to firstly improve our understanding of the very complex transmission dynamics
of leptospirosis, and then use this knowledge to op mise who, when, how, and
where to target preven on and control. It’s me to develop the science for
‘Precision One Health’.
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OF SOILS, LEPTOSPIRA AND HUMANS
Thibeaux R1, Iraola G2, Ferres I2, Bierque E1, Girault D1, Soupé‐Gilbert ME1,
Picardeau M3, Goarant C1*
1*
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3
Ins tut Pasteur, Biology of Spirochetes Unit, Paris, France
2

Background: Human leptospirosis mostly originates from environmental
contamina on via exposure to soil or water contaminated by pathogenic
leptospires. Here, we present the results of studies aimed at understanding the
environmental transmission of leptospirosis in New Caledonia.
Methods: A er evidencing live leptospires from a couple of contamina on areas
(Thibeaux et al, 2017), we a empted to re‐isolate the infec ve strain of index
human cases from the same areas. We used a combina on of an microbials
described earlier (Chakraborty et al, 2011), filtra ons and EMJH broth or agar
plates. Isolates were then iden fied and characterized by Whole Genome
Sequencing (WGS).
Results: We successfully isolated 26 Leptospira from soils sampled in areas of
human contamina ons. None of these isolates proved to be Leptospira
interrogans, the species involved in the human cases. Oppositely, the isolates
collected displayed a great diversity. Using WGS, we were able to confirm that
these isolates belonged to 15 diﬀerent Leptospira species, including a number of
novel species from all 3 clusters known as “pathogens”, “intermediates” and
“saprophytes”.
Conclusions: We found a high biodiversity given the limited number of samples
studied. In some soil samples, species from all three clusters were present. Our
results not only reveal an unexplored biodiversity of leptospires in tropical soils,
but also advocate for systema c WGS of all Leptospira isolates recovered from
atypical animal sources (Bats, non‐mammal animals) or the environment, in
order to be er embrace the diversity of Leptospira and in turn, improve our
understanding of evolu on and virulence in this complex bacterial genus.
References
Chakraborty A, Miyahara S, Villanueva SY, Saito M, Gloriani NG, Yoshida SI, 2011. A novel
combina on of selec ve agents for isola on of Leptospira species. Microbiol Immunol 55: 494‐501.
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CONTROL OF HUMAN LEPTOSPIROSIS IN SRI LANKA: DIVERSITY OF
PATHOGENIC LEPTOSPIRES AMONG HUMANS AND ANIMAL RESERVOIRS
Chandika Gamage1*, Devinda Muthusinghe2, Shashika Nawarathne3, Nishadi
Perera2, Manoharan Jagatheesan3, Kanae Shiokawa4,.5, Kumiko Yoshimatsu5, Jiro
Arikawa5 and Nobuo Koizumi6
1

Department of Microbiology, Faculty of Medicine, University of Peradeniya, Sri Lanka
Postgraduate Ins tute of Science, University of Peradeniya, Sri Lanka
3
Faculty of Veterinary Medicine and Animal Science, University of Peradeniya, Sri Lanka
4
Department of Biomedical Sciences, Ross University School of Veterinary Medicine, Basseterre, St.
Ki s, West Indies
5
Laboratory of Infec ous Diseases, Department of Microbiology, Graduate School of Medicine,
Hokkaido University, Japan
6
Department of Bacteriology I, Na onal Ins tute of Infec ous Diseases, Tokyo, Japan
2

Background: Leptospirosis is a no fiable zoono c disease in Sri Lanka. Although
human leptospirosis is endemic, the informa on on animal reservoirs
responsible for human infec on is lacking in this country. The objec ves of this
study were to reveal the diversity of pathogenic leptospires among animal
reservoirs and their associa on with human leptospirosis using a simple and
aﬀordable phylogene c analysis.
Methods: Seventy‐eight par al nucleo de sequences of pathogenic Leptospira
flaB gene obtained in this study and from our previous studies (1,2,3,4) were
analyzed. The sequences were aligned using CLUSTALW, and phylogene c
distances were calculated using the neighbor‐joining method in MEGA7 (5).
Results: Leptospiral species were iden fied as L. interrogans, L. borgpetersenii,
L. kirschneri, and L. weilii (49, 14, 10, and 5 sequences, respec vely). Closely
related L. interrogans flaB sequences were detected from humans (21), rats
(19), ca le (4), wild animals (2), dog (1), pig (1), and bat (1). L. kirschneri
sequences were detected in humans (3) and ca le (7). Furthermore L. weilii was
detected in humans (2) and goats (3). Both ca le (10) and rat (4) harbored L.
borgpetersenii.
Conclusions: This study demonstrated that humans contract leptospirosis from
a wide variety of animals in Sri Lanka. L. interrogans is the predominant species
which a wide range of animals carry. Ca le and rats are important reservoirs
due to their capability of harboring mul ple pathogenic Leptospira species
References: Koizumi N et al,. Serological and gene c analysis of leptospirosis in pa ents with acute
febrile illness in Kandy, Sri Lanka. Jpn J Infect Dis. 2009 Nov; 62(6):474‐5.
Gamage CD ., et al., Prevalence and carrier status of leptospirosis in smallholder dairy ca le and
peridomes c rodents in Kandy, Sri Lanka. Vector Borne Zoono c Dis. 2011 Aug; 11(8):1041‐7. doi:
10.1089/vbz.2010.0153.
Nwafor‐Okoli C et al., Leptospira infec on at the University of Peradeniya Teaching Hospital, Sri
Lanka: clinical and laboratory inves ga ons. Southeast Asian J Trop Med Public Health. 2012 Jul; 43
(4):943‐50
Gamage CD et al., Carrier status of leptospirosis among ca le in Sri Lanka: a zoono c threat to public
health.Transbound Emerg Dis. 2014 Feb;61(1):91‐6. doi: 10.1111/tbed.12014.
Sudhir K. et al., MEGA7: Molecular Evolu onary Gene cs Analysis version 7.0. Molecular Biology and
Evolu on., 2015 (submi ed).
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ECO‐EPIDEMIOLOGY OF LEPTOSPIROSIS IN THE PACIFIC ISLANDS COUNTRIES
AND TERRITORIES: A SYSTEMATIC REVIEW
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Background: Pacific Islands Countries and Territories (PICTs) have
environmental condi ons highly favourable for transmission of leptospirosis, a
neglected zoonosis with highest incidence in the tropics. Recent reports confirm
the emergence of leptospirosis and outbreaks in the PICTs, but the eco‐
epidemiology and drivers of transmission of human and animal leptospirosis are
poorly documented, especially on the more isolated territories.
Methods: We conducted a systema c review of human or animal leptospirosis
within 26 PICTs. We performed a literature search using four interna onal
databases for ar cles published between January 1947 and June 2017. We
further included grey literature available on the internet.
Results: We iden fied 145 studies describing leptospirosis eco‐epidemiology,
but the number of studies varied significantly between PICTs. No data were
available from five PICTs. Human leptospirosis has been reported from 12 PICTs,
with 59% of all the studies conducted in Hawaii, French Polynesia or New
Caledonia. Animal leptospirosis has been inves gated in 19 PICTs and from 14
host species, mainly swine (18% of studies), ca le (16%) and dogs (11%). No
inves ga on in humans was found from seven PICTs repor ng animal
leptospirosis. Serology results were highly diverse in the region, both in humans
and animals.
Conclusions: Our study suggests that, as in other tropical regions, leptospirosis
is widespread in the region, but data are scarce or absent from many PICTs.
Epidemiological surveys with appropriate sampling design, pathogen typing and
data analysis can improve understanding of transmission pa erns, which is
essen al for developing eﬀec ve interven on strategies to prevent and control
leptospirosis.
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PATHOGENIC LEPTOSPIRA IN RODENTS AND ENVIRONMENT AS POTENTIAL
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Background: Leptospirosis became a no fiable disease in Malaysia since 2010.
Since then case repor ng increased from 2,268 in 2011 to 5,285 in 2016.
Frequent outbreaks are reported at recrea onal, campsites and residen al
areas. It is well known that animal and environment serve as established
reservoirs for leptospirosis worldwide. Hence, a one health approach is crucial
for the management of leptospirosis in a tropical country like Malaysia. Herein,
we inves gated selected outbreak sites for rodent carriage and environmental
contamina on with pathogenic leptospires.
Methods: Rodent trapping and environmental sampling were carried out in two
residen al and two campsite or recrea onal areas. Environmental samples and
rodent kidneys were screened for Leptospira by culture and lipL32 PCR, followed
by secY typing. Mul locus sequence typing (MLST) was performed for
representa ve isolates from all study sites.
Results: Among the 201 rodents trapped, 44 (21.9%) carried Leptospira (culture)
comprising 30 lipL32 and 21 secY posi ve. Rodent species Ra us ra us and
Ra us novergicus predominantly carried pathogenic strains. Based on LipL32
and secY typing, majority of the strains belonged to L. interrogans. From MLST,
ST 50 dominated the residen al areas, while ST 238 was seen in the camping
site. For environment, from a total of 100 samples collected, 37 (37.0%) showed
growth comprising 32 lipL32 posi ve Leptospira strains. MLST was not successful
for environmental samples; however the lipL32 typing for camp site isolates
showed L.interrogans and L. alstonii.
Conclusions: From the above inves ga on, it is clear that rodents and
environmental contamina on serve as poten al source for leptospirosis
outbreaks in Malaysia.
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THE ROLE OF DOMESTIC ANIMALS AND RODENTS IN HUMAN LEPTOSPIROSIS
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Background: Leptospirosis is a neglected zoono c disease with a worldwide
distribu on, yet dispropor onally aﬀects poor rural subsistence farmers in the
tropics. The animal reservoirs for spill‐over infec on to humans in such se ngs
in the South Pacific have not been well delineated, thus hampering eﬀec ve
control eﬀorts.
Methods: We conducted a case control inves ga on among households that
par cipated in a seroprevalence survey for leptospirosis in Western Fiji (Lau et
al. 2016). We surveyed domes c animals and trapped rodents at 45 cases (≥1
inhabitant with evidence for an ‐leptospire agglu na ng an bodies) and 73
control. We performed serology among all animals and used polymerase chain
reac on to detect Leptospira DNA in kidneys of trapped rodents.
Results: One or more seroposi ve animals were iden fied among 78% of the 96
households with domes c animals or trapped rodents. The prevalence of MAT
tres ≥48 for serovar Pohnpei, the most prevalent in the human study, ranged
from 2% in rodents to 71% in horses. Preliminary results show that the serovar
distribu on of dogs is the closest to the distribu on in humans.
Conclusions: Our study findings will be used to understand the network of
transmission between livestock, domes c animals and rodents in Western Fiji,
and explore the source for human leptospirosis. The results will inform control
of leptospirosis in rural Fiji and similar high transmission se ngs, such as
mul ple intersectorial strategies that target preven on of leptospirosis in
livestock, rodent control, the use of personal protec on and barrier approaches,
and reduc on of high risk behaviors.
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CANINE LEPTOSPIROSIS OUTBREAK WITH NO IDENTIFIED SYMPTOMATIC OR
ASYMPTOMATIC ZOONOTIC TRANSMISSION
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Background: Limited informa on exists regarding the likelihood of post‐
exposure Leptospira zoono c transmission from dogs. In 2016 in Maricopa
County, Arizona, canine leptospirosis cases occurred ini ally in a household
cluster, and later in an outbreak involving boarding facili es. We characterized
the extent of the outbreak and inves gated the poten al for zoono c
transmission.
Methods: Canine specimens were tested by PCR, Microscopic Agglu na on Test
(MAT), ELISA, and/or rapid diagnos c test (RDT). We classified cases as
confirmed (posi ve PCR/MAT) or probable (combina ons of symptoms, link to
confirmed case, posi ve ELISA/RDT), reviewed medical records, and interviewed
owners. A serosurvey and interviews of exposed people (owners, staﬀ at 17
veterinary/boarding facili es) was conducted. Exposed people with leptospirosis
‐consistent illnesses reported were tested (PCR and/or MAT).
Results: 70 canine cases were iden fied (51 confirmed); only two had previous
vaccina on. Species‐specific PCR iden fied Leptospira kirschneri (household
cluster) and Leptospira interrogans (main outbreak). Highest reac ng MAT
serovars included Djasiman (household cluster) and Canicola (main outbreak). In
the month before illness/diagnosis, 68% of dogs boarded at facili es with
poten al on‐site transmission; 23% visited dog parks. All 118 serosurvey
par cipants were seronega ve despite urine exposure reported by 56/112 staﬀ,
including skin (N=25) and face (N=3) exposure. 6/7 exposed people with acute
illness reported were tested; all were nega ve.
Conclusions: The canine leptospirosis outbreak was associated with urban/
suburban areas where dogs congregate, including boarding facili es; vaccina on
should be considered in these circumstances. No exposed humans showed
evidence of infec on, sugges ng that zoono c transmission risk is low; whether
this is serovar‐dependent needs further inves ga on.
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IS MAMMALIAN WILDLIFE A SOURCE OF LEPTOSPIRA INFECTION IN LIVESTOCK
IN NEW ZEALAND?
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Background: The risk of Leptospira transmission to humans from domes c
species in New Zealand is reasonably well understood, but there is a dearth of
current informa on about wildlife‐related serovars. We conducted a cross‐
sec onal study in the Manawatu‐Whanganui region to iden fy serovars present
in wildlife and livestock.
Methods: Traps were set for 10 trap‐nights in March‐April 2017 on a dairy and a
beef‐and‐sheep farm, targe ng house mice (Mus musculus), ship rats (Ra us
ra us), brown rats (R. norvegicus), hedgehogs (Erinaceus europaeus) and brush‐
tailed possums (Trichosurus vulpecula). Trapped wild animals and a stra fied
random sample of domes c animals, namely ca le, sheep and working dogs
were blood sampled. Sera were tested by microagglu na on test for Leptospira
borgpetersenii sv Hardjobovis, Ballum and Tarassovi and Leptospira interrogans
sv Pomona and Copenhageni. Wildlife kidneys were sampled for culture and
qPCR targe ng the gyrB gene.
Results: Infec on profiles varied by species, age and farm. At the cut‐point of
≥48, up to 78% of wildlife species were seroposi ve, and 16 to 99% of domes c
animals. Five/9 hedgehogs, 23/105 mice and 1/14 ship rats reacted to Ballum.
Four and 1/18 possums and 4 and 1/9 hedgehogs reacted to Hardjobovis and
Tarassovi, respec vely. In ruminants, seroprevalence for Hardjobovis and
Pomona ranged 0‐90% and 0‐71%. Titres for Ballum, Tarassovi and Copenhageni
were also observed in 4 to 20%, 0 to 25% and 0 to 21% of domes c species.
Conclusions: Serovars found in wildlife species are commonly found in livestock
in the same environment. Transmission pathways between and within species
should be assessed.
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Session 2 —Keynote Speaker
COMMUNICATING LEPTOSPIROSIS OUTBREAKS – IT TAKES A VILLAGE.
Jackie Benschop
Molecular Epidemiology and Public Health Laboratory, Ins tute of Veterinary, Animal and
Biomedical Sciences, Massey University, Palmerston North, New Zealand
Global Leptospirosis Environmental Ac on Network

Leptospirosis has substan al relevance to global health with the most recent
incidence es mate is 1.03 million cases with 58,900 deaths annually in the
tropical regions of South and South‐east Asia, Western Pacific, Central and
South America, and Africa 1. Interna onally the major burden of human
leptospirosis is thought to be outbreak related 2, o en driven by contact with
rodents post‐flooding 3. Therefore, in highly endemic tropical areas, rodent
control, messaging around flooding and post‐exposure prophylaxis 4
predominates in preven ng human disease. In New Zealand, with leptospirosis
considered an occupa onal disease, the use of personal protec ve equipment
(PPE) and vaccina on of domes c livestock with serovars (sv) Hardjo and
Pomona 5 are mainstays for the control of human leptospirosis.
However pa erns change, and recent findings in Tanzania 6, Nepal, Uganda 7
and Fiji 8 support the increasing importance of livestock species in leptospirosis
transmission both in outbreaks but also in sporadic cases 9. In For example, in
February 2016 a category 5 Severe Tropical Cyclone (Winston) was responsible
for at least 44 fatali es, 35,000 displacements, severe flooding and damage to
infrastructure in Fiji (h p://www.health.gov. /wp‐content/
uploads/2016/03/20160315‐Rapid‐Health‐Risk‐Assessment‐TC‐Winston‐
Mar2016‐for‐edi ng_14‐March‐2016_final‐2.pdf). An outbreak of leptospirosis
followed this cyclone but in contrast to previous post‐flooding outbreaks in Fiji,
the incidence of disease has remained high for many months following the
flooding event. Up to 3 August 2016 Fiji recorded 430 acute cases of
leptospirosis (h p://www.promedmail.org/direct.php?id=20160813.4413510).
Many cases have been located in the Northern Division of the island where
agriculture is a major industry, and livestock (both commercial and subsistence)
are abundant.
Leptospirosis is considered to have a sporadic rather than outbreak pa ern in
New Zealand and despite extensive na onwide interven ons; it remains an
unacceptable burden par cularly on those living in rural communi es and on
Māori. However, outbreaks in occupa onal se ngs do occur. There were four
leptospirosis outbreaks reported in 2008, three in 2010 (20, five and three
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cases), and one reported in 2015 (3 cases). The outbreaks were from farm or
aba oir se ngs with exposure to infected animals or carcasses either
confirmed or suspected as the source of infec on. Outbreaks linked to farming
occupa on appear much more likely to be reported. For example in August/
September 2010 three cases were reported by clinicians to the local public
health service in Wairarapa. All three individuals had worked on the same dairy
farm during their incuba on period, where there was an inadequate herd
vaccina on programme. Two cases were hospitalized with serovar Hardjo
infec on 10. In February/March 2015 three cases were reported by clinicians to
the local public health service in Whanganui/Manawatu. All three individuals
had worked on the same dairy farm during their incuba on period, where there
was no herd vaccina on programme. Two cases were hospitalized with sv
Hardjo infec on and one with sv Pomona infec on, the la er has been unable
to return to work due to the persistence of his symptoms 11.
However not all outbreaks are iden fied as such. For example in the 2008/2009
season, an upper North Island aba oir reported three human leptospirosis
cases among 20 staﬀ, of which two were hospitalized. Symptoms included fever,
headache, diarrhoea and meningi s. Two of the cases were associated with
serovar Pomona 12. No stock slaughtered at the upper North Island aba oir had
been vaccinated and this outbreak was brought to my a en on by aba oir
management. In October 2015 four meat‐workers from an eastern North Island
meat plant that slaughter mul ple livestock species were hospitalized with
leptospirosis. Two suﬀered from post‐leptospirosis symptoms –in November
2016 one was on shortened hours and the other unable to return to work. The
outbreak at the eastern North Island meat plant was brought to my a en on by
health and safety personnel at the plant and the vaccina on status of livestock
at this plant was unknown.
Of cri cal concern is the current New Zealand outbreak with 91 cases in the first
half of 2017 (2016: 33 cases). In addi on to the tripling of incidence there are
increased propor ons of females (18%) and increased number of cases in those
employed outside of the tradi onal high risk occupa ons (36%) 13. The increase
in incidence is na onwide but most no ceable in Waikato, a region with a large
farming popula on, with 9 cases in 2015, 21 cases in 2016 and 39 cases to date
in 2017 14. The recent na onal trend (2015‐2016) of increased hospitalisa on
amongst no fied cases, con nues into 2017 (now approximately 70%),
sugges ng the 2017 increase in incidence is genuine. Prior to 2015, 50‐60% of
no fied cases were hospitalised and the increase to 70%, although subtle,
suggests an increase in the severity of disease over the past two and a half years
and/or a later recogni on and thus treatment of disease. We note increasing
use of diagnos c polymerase chain reac on (PCR, a more sensi ve test) in many
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District Health Boards (DHB), but this change does not explain the large increase
in no fica ons; increases in numbers have been seen in DHBs where PCR is not
in use e.g. Northland 15.
Although endemic leptospirosis is not no fiable in animals in NZ, we have also
received reports in 2017 of increased cases in dogs, 16 ca le and a recent mul ‐
animal species outbreak linked to an abor on storm in alpacas. NZ is
progressively suﬀering more severe flooding due to extreme weather events,
(e.g. cyclones Debbie and Cook in April 2017 with resultant inunda on of rural
Bay of Plenty (BOP) and South Auckland). Na onal Ins tute of Water and
Atmospheric Research projec ons suggest a more tropical climate is set to
con nue. Our pilot work on farms has shown that viable pathogenic Leptospira
are commonly detectable in environmental water samples (unpublished data)
and recent analysis of no fica ons from Waikato DHB suggest that spring and
autumn peaks in no fica on data may be associated with flooding. A
veterinarian post‐BOP floods narrated “many more cases of lepto[spirosis] in
dogs than they usually have, in fact an outbreak in May 2017” 17. Similarly, a
marked increase in autochthonous LS in humans in the Netherlands was
mirrored by increased cases in dogs 18.
Furthermore, there are changes in infec ng serovars with Tarassovi numbers in
humans appearing to trend upward i.e. in 2016, 9 of the 42 (21%) cases
diagnosed by serology at Leptospira Reference Laboratory, (LRL) were Tarassovi
whilst in 2015, this figure was 4/45 (9%) 19. In 2016, 13 of 15 no fied cases in
Northland were a ributed to non‐vaccine serovars, 4 to sv Tarassovi and 9 to sv
Ballum 15. Infec on with sv Tarassovi and sv Ballum have largely been
a ributed to rodent exposure, and that risk remains e.g. 32 of 85 (38%) mice
(Mus musculus) trapped on a Manawatu dairy farm in 2016/17 were kidney
culture posi ve for L. borgpetersenii serovar Ballum (unpublished data).
However, in addi on to rodent carriage we also see evidence of exposure and
ac ve infec on with both sv Tarassovi and sv Ballum serovars in ca le, sheep
and deer 20. Par cularly concerning is our current analysis of no fica on data
from 1999 to 2016, which iden fies that those no fied with Ballum are more
likely hospitalised (p=0.05) than those no fied with other serovars (unpublished
data).
We hypothesise that the triad of changing epidemiology, increased flooding and
emergence of new strains signals a shi towards a more tropical, epidemic‐type
LS transmission pa ern in NZ, with rodent and environmental pathways
becoming increasingly important 18. Communica on of that shi requires
careful considera on in consulta on with all stakeholders, par cularly those at
risk of disease.
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Messaging is crucial to disease preven on and control globally, and this is a two‐
way street, not only public health messaging to those at‐risk but equally as
important are the messages scien sts and health professionals receive about
condi ons faced by those at the coal‐face. In the case of leptospirosis this might
be iden fica on of novel pathways for exposure e.g. to ca le eﬄuent via
pasture spraying or to rodent urine via contaminated animal feed. It may be
reasons why livestock are not treated or vaccinated livestock, why PPE is not
worn or why access to ACC is challenging to some. In the face of changing
epidemiology and demographics of pa ents in NZ I see three major messaging
issues that need a en on.
1) Clear messaging that the 2017 increase in cases is s ll largely an
occupa onal burden. In other words leptospirosis in New Zealand remains
predominantly an occupa onally acquired disease and our interven ons
should be focussed there. Of the 94 cases confirmed to 30 September in
2017 occupa on was recorded for 86, and of these 49 (57%) worked on
farms, or had occupa onal contact with livestock and 8 (9%) were meat
workers 13.
2) Although current animal vaccina ons do not cover all of the strains
infec ng humans, animal vaccina on must con nue as a cornerstone of
preven on. We see clusters of people seriously ill with Hardjo and Pomona
in non‐ or poorly‐vaccinated herds 10‐11 and in 2016, of 42 cases with
serovar reported half were with strains in animal vaccines.
3) We need to add behaviour around flooding to four point risk mi ga on
plan (animal vaccina on, reduce exposure to urine (PPE), care around
rodents/wildlife and awareness of leptospirosis).
The “village” that needs to communicate includes all those with an interest in
this disease and we need open minds to learn from each other. Here is what I
have been fortunate enough to discover when people have talked to me:
1) Funding proposals can be strengthened through le ers of support, funding
in kind and non‐tradi onal partnerships.
2) Solu ons can be found to seemingly intractable issues such as being able to
study occupa onal risk in an environment that is increasingly concerned
with health and safety.
3) The media can befriend you and help grow your network.
4) Overseas experience can parallel what we see in NZ.
5) There are more similari es between subsistence agricultural systems and
intensive systems than I first thought.
6) What we know is important, but almost as important, is who we know.
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Background: Leptospirosis remains an important occupa onal disease in New
Zealand, dispropor onately burdening rural popula ons and Māori. A long‐term
partnership between Massey University and Rural Women New Zealand (RWNZ)
con nues to support research and community engagement into this disease.
Methods: In the 1970s the then Women’s Division of Federated Farmers saw
the toll caused by leptospirosis in rural workers and raised considerable funds
for research into the disease at Massey University. Since then, due to a mix of
fundraising for research, awareness campaigns and the results of the research in
ac on, the drop in no fied leptospirosis cases has been phenomenal, especially
in the dairy and meat‐working sectors. The annual incidence risk in the early
1970s was 25 cases per 100,000 compared to 2.4 cases per 100,000 people in
the 12 months to March 2017.
Results: A second wave of fundraising in 2007 supported PhD candidates
inves ga ng leptospirosis in meat workers and livestock (Anou Dreyfus) and
diagnos cs (Fang Fang). These spring‐boarded subsequent work in at‐risk
occupa ons (Juan Sanhueza), livestock produc on eﬀects (Emilie Vallee), dairy
herds (Yuni Yupiana) and wildlife (Marie Moinet). The forma on of the Farmers
Leptospirosis Ac on Group (FLAG) led by RWNZ has resulted in successful
funding from the Sustainable Farming Fund, AgMardt and others. This eﬀort
has led to rural workers becoming aware of the disease, taking be er
precau ons against contrac ng it and educa ng others on the seriousness of
leptospirosis, how it is contracted and what animals can spread it. Addi onally,
the research into the eﬃcacy of vaccina ons being shared with farmers has
been vital.
Conclusions: Stakeholder engagement and outreach community events
dissemina ng the importance of this disease, and sharing the research findings
in media, the internet in print media and at community mee ngs are vital. We
will present how Leptospirosis aﬀects communi es, and how combined work in
this field con nues to raise awareness and supports research into it.
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KNOWLEDGE, ATTITUDE AND BELIEF ON LEPTOSPIROSIS AMONG RURAL
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Background: Leptospirosis is a global important zoono c disease that aﬀects
humans in both rural and urban se ngs (Wiwanitkit, 2006). Ministry of Health
Malaysia reported 5370 leptospirosis cases and 30 deaths in 2015 (MoH, 2015).
This study aimed to determine the knowledge, a tude, and belief levels of
leptospirosis and its associa on with socio‐demographic factors among rural
communi es in Hulu Langat, Selangor.
Methods: A cross‐sec onal study was conducted among 444 residents aged 18
years old and above. Respondents were sampled using a mul stage cluster
sampling. A set of validated ques onnaires were used. Chi square test and
logis c regression model were used for analysis.
Results: Only 43% of respondents had good knowledge on leptospirosis. A
significant associa on between knowledge score and ethnicity (95% CI = 1.229‐
2.755, p=0.001) was observed. Good a tude was demonstrated in 30.4% of
respondents based on cogni ve and behavior domains. Whereas, 47.7% of them
had good a tude based on aﬀect domain. Strong belief on leptospirosis was
portrayed by 52.3% of respondents based on self‐eﬃcacy domain and 48.4% of
them had strong belief based on benefit and barrier domains. By using logis c
regression analysis, ethnicity was independently associated with benefit and
barrier domains for belief (an odd ra o AOR= 0.375, 95% CI = 0.220, 0.639).
Conclusions: Con nuous educa on for rural communi es regarding
leptospirosis and its preven on should be ini ated urgently. Campaigns on
leptospirosis using social and mass media should be conducted to alert this
mul ‐ethnic community for be er preven ve strategies in future.
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Background: Knowledge, A tude and Prac ce (KAP) are highly associated with
incidence of many infec ous diseases, but KAP are s ll considered low even in
the high risk groups (Victoriano et al., 2009). This study was designed to explore
the knowledge, a tude, belief and prac ce (KABP) of leptospirosis among the
community.
Methods: A cross‐sec onal study was conducted among 214 individuals in four
locali es. The study popula on was divided into two groups based on
geographical loca on which were urban and rural. Two locali es were chosen
for each urban and rural area. Simple random sampling was performed and 55
households from each locality were selected. The newly developed and
validated KABP Ques onnaire was used as a tool in this study.
Results: Respondents with good knowledge was 52.8%, posi ve a tude 84.6%,
posi ve belief 59.8% and good prac ce 53.7%. The community have generally
good knowledge and a high level of posi ve a tude but this a tude cannot be
transformed into prac ce as the number of people with good prac ce habits are
much lower compared to those with posi ve a tude. As for the new domain of
belief, the community have posi ve belief to perceived threat of the disease.
Conclusions: More a en on needs to be put into promo ng posi ve prac ce
habits among the community as they already have adequate knowledge and a
posi ve a tude and belief.
References : Allwood, P., Muñoz‐Zanzi, C., Chang, M., & Brown, P. D. (2014). Knowledge,
percep ons, and environmental risk factors among Jamaican households with a history of
leptospirosis. Journal of infec on and public health, 7(4), 314‐322.
Benacer, D., Thong, K. L., Min, N. C., Verasahib, K. B., Galloway, R. L., Hartskeerl, R. A., Zain, S. N. M.
(2016). Epidemiology of human leptospirosis in Malaysia, 2004–2012. Acta tropica, 157, 162‐168.
Ridzuan J, Aziah BD, Zahiruddin WM (2016). The Occupa onal Hazard Study for Leptospirosis among
Agriculture Workers. Interna onal Journal of Collabora ve Research on Internal Medicine & Public
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Coulombe, C. (2009). Leptospirosis in the Asia Pacific region. BMC infec ous diseases, 9(1), 1.
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CHALLENGES OF DIAGNOSING LEPTOSPIROSIS IN INDONESIA: ATYPICAL
MANIFESTATIONS AND LACK OF DIAGNOSTIC METHODS
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Background: Leptospirosis has been reported as one important cause of febrile
illness in Indonesia. However, disease burden is not well understood. To have a
be er es mate of the prevalence of leptospirosis and its clinical manifesta ons,
an acute fever study was conducted in 2013‐2016 in 7 major ci es.
Methods: Hospitalized pa ents with acute fever who sa sfied the inclusion and
exclusion criteria were recruited. They were seen during enrollment, when
demography and clinical data were collected, and blood for culture and
molecular/serological diagnos c tests was obtained. Addi onal blood samples
were collected 14‐28 days and 3 months a er enrollment for serology tests.
Leptospirosis was tested using molecular assay and ELISA IgM (Focus
Diagnos cs) and IgG (Virion‐Serion) tests.
Results: Leptospirosis was confirmed in 43 (2.9%) of 1461 pa ents, ranging from
2.1% in Jakarta and 5.5% in Semarang. No case was found in Denpasar. The
median and range of age was 41.7 (6‐85) years old, with male predominance
(2.6:1). Most cases were confirmed by PCR and serology (25), PCR only (4%), and
serology only (14%). Sequencing analysis from 2 specimens revealed Leptospira
interrogans serogroup Sejroe serovar Hardjo. Of these 43 pa ents, 19 were
diagnosed as leptospirosis at the hospitals, and 24 as other infec ous diseases.
On the contrary, there were 17 pa ents that were diagnosed as leptospirosis at
the hospitals, were not confirmed, and in 9 of them, other pathogens were
found. Clinically, 20 pa ents did not show jaundice nor acute kidney injury. Only
one pa ent, 48 years old, without underlying disease, died due to irreversible
respiratory failure.
Conclusions: Leptospirosis resulted in a range of clinical manifesta ons during
presenta on. PCR, in combina on with serology tests, may be used as an
alterna ve to micro‐agglu na on test.
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ON‐FARM AND WITHIN VETERINARY PRACTICE RISK MANAGEMENT IN
RESPONSE TO A LEPTOSPIROSIS INFECTION IN A DAIRY HERD.
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Background: In 2015 a 630‐cow dairy farm had three staﬀ members hospitalised
with leptospirosis (Hardjo and Pomona) during mid‐late lacta on [1]. The herd
was unvaccinated and all staﬀ illnesses were associated with only one of two
milking herds. We present the on‐farm and within veterinary‐prac ce risk
management prac ces and our inves ga on into why the herds were
unvaccinated.
Methods: Upon suspicion of the third human case (March 2015) adult milking
cows had blood taken for the Microscopic Agglu na on Test (MAT) and urine
was collected to detect shedding. Communica on of risk and development of
management strategies occurred in consulta on with farming and veterinary
staﬀ with oversight of human health professionals.
Results: There were high and rising tres (≥ 384) to Pomona and Hardjo in
milking ca le with 21% urine PCR posi ve. Staﬀ used enhanced personal
protec ve equipment and were prescribed oral doxycycline un l the end of the
milking season. Milking ca le received a sensi sing vaccine for Pomona and
Hardjo in March with a booster in April. The whole herd was placed on a
vaccina on programme. At dry oﬀ, all milking cows were treated with long‐
ac ng amoxicillin. Post‐amoxicillin treatment there were 2 % of PCR posi ve
cows.
Conclusion: An bio c treatment and vaccina on of the herd decreased the
leptospirosis risk in the subsequent seasons and to date there have been no
further human cases of leptospirosis. Follow up inves ga ons have revealed
infec on with non‐vaccine serovars in 2017 thus an integrated approach to
control including vaccina on, use of personal protec ve equipment and wildlife/
rodent control is essen al.
References
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MODIFIED FAINE’S CRITERIA; A USEFUL DIAGNOSTIC TOOL IN RESOURCE POOR
SETTINGS
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Background: Diagnosis of leptospirosis remains as a clinician’s dilemma despite
the introduc on of various new diagnos c methods. Addi onally, specialized
diagnos c facili es are not ubiquitous. Thus, reliable and aﬀordable diagnos c
criteria are important in resource poor se ngs. The aim of this study is to
determine u lity of modified Faine’s criteria in diagnosing leptospirosis clinical
cases.
Methods: Serum from 168 clinically suspected leptospirosis pa ents (on 5th day
of infec on) were used for immunochromatographic assay (Leptocheck WB,
India), microscopic agglu na on test (MAT) and polymerase chain reac on
(PCR). Modified Faine’s criteria (with amendment) 2012 was applied and a score
was given considering clinical, epidemiological and laboratory data (Kumar,
2012). Three laboratory diagnos c criteria were compared; MAT tre ≥1:400 &/
or PCR, MAT tre ≥1:800 &/ or PCR, and rapid immunochromatographic assay. A
score of ≥25 was considered as posi ve for leptospirosis. A single MAT tre
≥1:400 and a posi ve PCR were used as the bench mark for confirma on (WHO,
2011). Performance of Modified Faine’s criteria was evaluated against the WHO
standard.
Results: Leptospirosis was confirmed in 39% using WHO criteria. Among the
three laboratory criteria, modified Faine’s criteria (MAT ≥ 1.400 &/ or PCR)
showed 95.45 % sensi vity, 56.86 % specificity, 58.88 % posi ve predic ve value
and 95.08% nega ve predic ve value. Respec ve values of modified Faine’s
criteria with rapid immunochromatographic assay were 89.39 %, 58.82 %, 58.42
% and 89.55 %.
Conclusions: The modified Faine’s criteria with immunochromatographic assay
is a reliable bedside diagnos c tool hence it can be readily used to detect
leptospirosis in resource poor se ngs.
References
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BIOFILMS OF PATHOGENIC LEPTOSPIRA: A COMPROMISE BETWEEN
VIRULENCE AND ENVIRONMENTAL SURVIVAL?
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Background: The tradi onal paradigm of leptospires living in planktonic form
has been revisited by the descrip on of another lifestyle, called biofilm (Ristow
et al, 2008). Biofilm forma on has been linked to, (i) protec on against
environmental stresses, (ii) resistance to biocides and an bio cs, and (iii)
persistence of infec ons leading to recurrences and relapses. Here we
inves gated the ecological relevance of the biofilm produced by pathogenic
leptospires.
Methods: We developed a 96‐well method to grow Leptospira biofilms. A er 4
weeks, biofilm forma on was quan fied using an in‐house image analysis
workflow from phase‐contrast op cal images. To iden fy leptospiral genes
regula ng biofilm forma on, we quan fied the impaired or enhanced ability of
L. interrogans transposon inser on mutants (Murray et al, 2009) to produce a
biofilm. We inves gated mutants’ infec vity in hamsters while renal
coloniza on ability was challenged in mice. Protec on against environmental
stresses was also assessed using a cell viability assay.
Results: We iden fied 2 mutants impaired for biofilm forma on and 2 mutants
with an enhanced capacity to produce a biofilm. When their infec vity was
challenged in hamsters, biofilm‐deficient mutants were more virulent than
mutants displaying enhanced biofilm produc on. In a mouse model of chronic
leptospirosis, urinary excre on was higher for biofilm‐deficient mutants as
compared to their counterpart. Finally, a protec ve eﬀect on cell viability was
observed for mutants with increased biofilm forma on when exposed to high
doses of NaCl or UV‐c.
Conclusions: Although not required for infec on, biofilm forma on improves
leptospires’ survival in detrimental environmental‐like condi ons, thus probably
contribu ng to their persistence in natural habitats.
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DETECTION AND MOLECULAR CHARACTERIZATION OF PATHOGENIC
LEPTOSPIRA ISOLATED FROM ALIEN AMERICAN MINK (NEOVISON VISON)
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Background: Pathogenic Leptospira are a group of bacteria capable of infec ng
both domes c and wild animals. The aim of this study was to provide evidence
of infec on with pathogenic Leptospira in the American mink.
Methods: Mink were live‐trapped in southern Chile, in a region where dairy
ca le ac vi es are well developed. Within this region two areas, one with high
dairy farming industry density (A), and a second with low density (B) were
selected. Captured mink were euthanized. Kidney ssue was obtained from each
animal captured for bacteria isola on. Molecular characteriza on of the isolated
strains was performed.
Results: Sixteen study sites were visited, 45 American mink were trapped and
euthanized. Three minks from sites of high dairy farming industry and only one
from sites of low degree of dairy farming were culture and Leptospira
interrogans Hardjo prajitno and Leptospira interrogans copenhageni
icterohaemorrhagiae were the most common typed strain.
Conclusions: This study shows evidence that confirms previous findings made in
the southern Chile, regarding American minks as infected host with pathogenic
Leptospiras mostly trapped in an area characterized by intensive ca le farming
ac vi es. However, typing informa on also allows the considera on of rodent
consump on as a source of infec on.
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LEPTOSPIRA INFECTION IN RATS, MICE AND MONGOOSES ON THE ISLAND OF
SAINT KITTS
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Background Leptospirosis is endemic in the Caribbean region and is es mated
to result in high human morbidity and mortality. Contact with infected animals
and contaminated environment is a major risk factor for Leptospira infec on in
humans and animals. This study describes the prevalence of Leptospira infec on
and exposure among rats, mice, and mongooses inhabi ng the Caribbean island
of Saint Ki s.
Methods Rats (n=29), mice (n=9), and mongooses (n=146) were captured
randomly collected from topical loca ons on the island including peridomes c
and field areas. Kidneys from animals were tested for Leptospira infec on, by
real me PCR (RT‐PCR) and culture. Serum samples when available were tested
by microscopic agglu na on test (MAT). Phylogene c analysis was conducted
following adk gene amplifica on and sequencing.
Results Leptospira DNA was amplified from 17/29 rats (58.6%), 4/9 mice
(44.4%), and 9/146 mongooses (6.2%). Sixteen isolates (mongoose‐1, rats‐13
and mouse‐1) were obtained. Phylogenic analysis of adk sequences from
kidneys and isolates indicated the presence of L. interrogans and L.
borgpetersenii in rats and L. interrogans in mice and mongooses Twenty‐five
(86.2%) rats and 9 mongooses (6.2%) had an bodies to at least one of the 21
serovars tested. Predominant serovars included Icterohaemorrhagiae (82.6%),
Copenhageni (13.7%), Grippotyphosa (3.4%), and Wolﬃ (3.4%) in rats and
Copenhageni (4.1%) and Icterohemorrhagiae (2.5%) in mongooses.
Conclusions This study iden fied the evidence of Leptospira infec on and
exposure in rats, mongoose and mice. Future studies will be conducted to
characterize Leptospira isolates obtained, and to elucidate the role of these
animal reservoirs in the transmission of leptospirosis.
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CAN PERIPHERAL BLOOD SMEAR DISCRIMINATE BETWEEN LEPTOSPIROSIS,
DENGUE AND SEPSIS; A PRELIMINARY COMPARATIVE STUDY
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Background: Haematological parameters are u lized in diagnosis of
leptospirosis,(1, 2)although blood smear changes have never been inves gated
as a poten al tool to aid in diagnosis. The objec ves were to define blood smear
changes in pa ents with leptospirosis, and ascertain whether blood smear
changes can be u lized to discriminate between leptospirosis, dengue and
sepsis.
Methods: A prospec ve descrip ve study was conducted in the Na onal
Hospital of Sri Lanka in 2015, on pa ents diagnosed with leptospirosis, dengue
and sepsis. Blood smears prepared within the first five days of illness were
examined by two independent haematologists blinded to the clinical diagnosis
and selected as leptospirosis, viral infec on, bacterial infec on or inconclusive.
Cases with disagreement were also taken as inconclusive.
Results: Twenty, 28 and 22 pa ents with leptospirosis, dengue and sepsis were
respec vely analyzed. Neutrophil leukocytosis, toxic changes in neutrophils, le
shi , reac ve lymphocytes, target cells and thrombocytopenia were seen in
60%, 70%, 40%, 70%, 50% and 65% of the leptospirosis pa ents, respec vely.
The combina ons of reac ve lymphocytes with toxic neutrophils, and reac ve
lymphocytes with neutrophil leukocytosis were seen in 55% and 45%
respec vely in the leptospirosis group but none of the other pa ents
(p<0.0001). Correct diagnosis was selected from blood smear in 45 pa ents
while diagnosis was wrong in 12 and inconclusive in 13 pa ents. Of the 20
leptospirosis pa ents, the selected diagnoses were leptospirosis in 12, viral
infec on in two, bacterial infec on in four and inconclusive in two.
Conclusions: Neutrophil leukocytosis, toxic changes and reac ve lymphocytes
together with thrombocytopenia and target cells are common findings in
leptospirosis. These findings may be helpful in diﬀeren a ng leptospirosis from
other common acute febrile illnesses.
References
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CLINICAL EXPERIENCE WITH LEPTOSPIROSIS IN THE PADDOCK IN NEW
ZEALAND
Hilson, R
Vet Services (HB) Ltd, Waipukurau, New Zealand

Background: Over the last twenty five years, veterinarians at the Waipukurau
clinic have been involved in at least thirty cases in sheep, deer and in beef ca le.
We are also aware of twelve farmers and two veterinarians who have been
clinically aﬀected with leptospirosis in that me.
However, the issue should to be put in perspec ve. With 170,000 beef ca le,
29,000 deer and 1,290,000 sheep in Central Hawkes Bay, there is ample
opportunity for infec on with a conserva ve 15 million animal handling
episodes occurring annually.
The author has been infected with L. Pomona through occupa onal exposure.
He is o en involved with farmers and their families when suspect or proven
cases of human leptospirosis occur. This involvement has been significant when
clients require informa on and in par cular when badly aﬀected farmers do not
act promptly when they become ill. In some cases the pa ent has been seen by
a GP but has been reluctant to revisit the doctor as they become clinically
worse.
Similarly, advice regarding human safety and the poten al for infec on must be
delivered when inves ga ng a leptospirosis outbreak in livestock as the
treatment of infected stock and in‐contacts will involve significant risk for
handlers, working dogs and other livestock.
Veterinarians should not underes mate the importance of their role in the
prac cal approach to diagnosis and treatment of leptospirosis in domes c
animals and their handlers.
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LEPTOSPIROSIS CLAIMS MANAGEMENT IN ACC
Moniga

J

Accident Compensa on Corpora on, New Zealand

Background:
The Accident Compensa on Corpora on (ACC) provides no‐fault personal injury
insurance cover to all New Zealand residents and visitors, including for work‐
related diseases and infec ons.
Pa ents who develop leptospirosis as a result of working with animals or their
carcasses are eligible for ACC cover. The required standard is that of a clinically
compa ble illness with laboratory support to the level of ‘confirmed case’ or
‘probable case’ as per defini on. ACC must accept the claim unless the
leptospirosis arose from non‐employment related exposure instead.
For each claim a form is completed by the medical prac oner, employer and
client. The case owner confirms the work details and presumed exposure
source by telephone interview and refers the claim to the Lead Occupa onal
Health Advisor for cover advice. There is a requirement to issue a decision
within one month of claim lodgement.
ACC receives 20‐30 leptospirosis claims annually, about 75% from sheep and
ca le farmers and 12% from meat process workers. Shearers, veterinarians,
livestock transporters, stock agents and sep c tank cleaners account for the
remainder. Nearly 90% of claimants are male. The most common serovar
iden fied is L. hardjo followed by L. ballum, L. pomona and L. tarassovi. Cover
provides en tlement to medical treatment costs and earnings‐related
compensa on (80% of earnings lost) for me oﬀ work.
There is likely to be significant under‐claiming. Many cases go unrecognised,
and those without much incapacity o en choose not to proceed. The main
reasons for decline are insuﬃcient proof of diagnosis and a greater likelihood of
non‐work related infec on.
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HOW TO DEVELOP A LEPTOSPIRAL VACCINE FOR CATTLE – A PRIMER
Dempster RP
Virbac Australia Pty Ltd, Sydney, Australia

Leptospiral vaccines for ca le have been available for many decades and in
some respects, li le has changed in the basic formula on. The vaccines for sale
commercially around the world are generally whole cell cultures adjuvanted
with aluminum salts. However, the simplicity of the finished product should not
discount the significant laboratory, clinical and regulatory work that is required
to bring these products to market.
This presenta on is designed to introduce researchers to the many steps, costs
and risks to bring a leptospiral vaccine to market. The commercial drivers for
new vaccine development will also be discussed. Researchers planning to work
with industry will gain some insights as to what makes a successful
collabora on.
The market need (real or perceived) is the main driver for commercial
companies to develop new vaccines. Finding bacterial isolates that will make
robust, reproducible and immunogenic master “seeds” is cri cal to any new
development. The long journey encompasses culturing, selec ng fermenta on
media, downstream processing, inac va on kine cs, stability and quality
control tes ng just to make the “an gen”. Vaccine formula on studies follow
before the final formula on is locked‐in. This step is followed by the expensive
and long clinical trials to generate the data for the label claims. Scale‐up of
vaccine batches will also be required to generate the stability data needed for
registra on. Potency tes ng and defining specifica ons also present challenges.
Finally, the registra on dossiers are compiled with suppor ng data and
argument for what all company’s hope for – a smooth ride to registra on!
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RESPONDING TO LEPTOSPIROSIS: A PUBLIC HEALTH AND ONE HEALTH
APPROACH
Professor Michael Baker
University of Otago, Wellington

Overview of presenta on ‐ Leptospirosis is a widespread zoono c diseases with
global public health, animal health, and economic importance. It is New
Zealand’s most important occupa onally acquired infec ous disease and its
incidence is high in comparison with other temperate developed countries.
This presenta on will consider this health hazard and how we respond to it
using both public health and one health perspec ves. A public health approach
has a strong focus on addressing health determinants to prevent disease and
disability, prolong life, and promote health through the organized eﬀorts of
society. It draws on models like the O awa Charter for Health Promo on
(1986). This presenta on will also consider the added benefits of the one
health approach which provides opportuni es to expand interdisciplinary
collabora ons and communica ons to link with veterinary and environment
health ini a ves.
This presenta on will discuss responses to leptospirosis using the policy cycle
framework which recognises the need to:





Define the problem – Surveillance and research to establish the burden of
disease and its consequences and place it on the policy agenda.
Iden fy interven ons – Research to iden fy sources and risk factors,
eﬀec ve policy and prac ce op ons, and selec on of the most promising
interven ons.
Implement interven ons – Ac ons to build support and eﬀec ve
introduc on of interven ons.
Monitor, evaluate and refine interven ons – Opera onal research to assess
the eﬀec veness of interven ons, and fine‐tune and scale them up as
indicated.

A. Define the problem ‐ Recently published global burden of disease (GBD)
es mates for leptospirosis provide useful indica ons of the worldwide impact
of this disease: Es mated 1.03 million cases (95% CI 434,000‐1,750,000), 58,900
deaths (95% CI 23,800‐95,900) and 2.90 million DALYs lost (UIs 1.25‐4.54
million) each year. The median case‐fatality risk was 2.2% (Range 0.0‐39.7%).
Disease burden was highest in resource‐poor tropical regions of South and
South‐east Asia, Western Pacific, Central and South America, and Africa. There
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is some evidence that the health impact of leptospirosis may be greater than is
commonly indicated with one follow‐up study finding that 46% s ll had
symptoms a er one month and 21% of cases beyond 24 months a er onset of
disease.
B. Iden fy interven ons ‐ Pa erns of leptospirosis vary enormously across the
globe in diﬀerent geo‐clima c regions, because of diﬀerences in organisms,
animal reservoirs, environmental condi ons, and human host factors and
behaviour. It is useful to dis nguish several broad epidemiological pa erns as
they will help guide preven on measures: Rural leptospirosis; Urban
leptospirosis; Occupa onal leptospirosis; Recrea onal leptospirosis; Natural
disaster‐associated leptospirosis.
Within these broad epidemiological pa erns, specific risk factors vary widely.
There is increasing evidence from a range of studies using descrip ve
epidemiology, case‐control/cohort studies, outbreak inves ga ons, molecular
epidemiology and interven on studies. Most studies use mul ple methods.
C. Implement interven ons ‐ The evidence base for eﬀec ve interven ons for
leptospirosis is limited. Broad types of interven ons include: Individual
prophylaxis with an bio cs (usually with oral doxycycline); Personal protec on
equipment for general use (eg footwear) and for heavily exposed occupa onal
se ngs (eg gloves and facemasks); Vaccina on of farmed animals; Control of
rodents and wild animal sources; and broad Improvements to sanita on and
social determinants.
D. Monitor, evaluate and refine interven ons ‐ High quality surveillance helps
to define disease burden and distribu on. It is also essen al to evalua ng
interven ons. Integrated surveillance can include human, animal reservoirs,
and environments (water/soil) which will assist in evalua ng interven ons, but
also in iden fying outbreaks and changes that might predispose to outbreaks.
Lessons from New Zealand experience ‐ The first confirmed human
leptospirosis case in New Zealand was admi ed to Auckland Hospital in October
1949 with symptoms of Weil’s disease. The first animal infec on was iden fied
in a calf in 1950. During the 1960s the incidence of human incidence of the
disease con nued to increase, reaching a peak of 875 no fied cases in 1971. A
range of measures were introduced to lower the incidence. No fica ons of
human infec on fell from 677 in 1979 to 179 in 1982 and remained under 200
therea er. This presenta on will review these interven ons using the O awa
Charter for Health Promo on’s five areas for health promo on ac on: Build
healthy public policy; Create suppor ve environments; Reorient health services;
Strengthen community ac on; and Develop personal
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ECONOMIC ASSESSMENT OF LEPTOSPIROSIS PREVENTION AND HEALTH
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Norazlin Idris1, Rukman Awang Hamat2, Malina Osman2, Tengku Ze y Maztura
Tengku Jamaluddin2, Aziah Daud1
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Backgrounds: Leptospirosis is an endemic disease in Kelantan, Malaysia. Despite
the increasing incidence rate, knowledge on the economic assessment of the
disease preven on and promo on has remained limited. This study was done to
determine the economic benefit of preven ng leptospirosis and cost‐
eﬀec veness of a leptospirosis health promo on program. The findings are
intended to help policy makers make informed decisions in the alloca on of
resources and development of leptospirosis preven on and health promo on
policies.
Methods: We employed a con ngent valua on method using the willingness‐to‐
contribute (WTC) approach which measured how much me the respondents
were willing to contribute instead of how much they were willing to pay for
preven ng leptospirosis. The adapta on of a cost‐eﬀect analysis involved
calcula ng the cost spent for every 1% increase in knowledge, a tude, belief
and prac ce scores obtained from par cipants of a leptospirosis health
promo on module.
Results: The average WTC corresponded to a cost saving of USD4.94 per person
per month when valued using the leisure rate of me. The WTC was then
mul plied with the popula on of Kelantan to derive an economic savings of
USD106.7 million per annum through the preven on of leptospirosis. The
leptospirosis health promo on module was found to improve belief and prac ce
scores with a cost of USD9.56 and USD13.83 per inhabitant for every 1%
increase, respec vely.
Conclusion: Preven ng leptospirosis is beneficial to Kelantan and brings major
economic savings. Health promo on ac vi es on leptospirosis in Kelantan may
be considered since it was found to be cost‐eﬀec ve and aﬀordable.
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OVERVIEW OF LEPTOSPIROSIS IN SOUTHWESTERN INDIAN OCEAN ISLANDS
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Review: For mostly unknown reasons, human leptospirosis is highly prevalent
on tropical oceanic islands. This zoono c disease is of major concern in the
Western Indian Ocean islands, recording among the highest human incidence
worldwide. Recent molecular inves ga ons carried out through Mul Locus
Sequence Typing have revealed dis nct transmission cycles in the diﬀerent
islands of this region, notably in Madagascar and on the two French islands of
Mayo e and La Réunion. From an evolu onary perspec ve, these studies have
shown the presence of dis nct bacterial species assemblages in the diﬀerent
insular ecosystems. Indeed, Madagascar hosts a unique diversity of pathogenic
Leptospira in its wild fauna1, including endemic species of which one has been
introduced to the neighbouring Mayo e Island2. By contrast, on the remote and
geographically isolated oceanic Island of La Réunion, the comparison of
Leptospira Sequence Types in animal reservoirs and human acute cases reveals
that human leptospirosis results from a much narrower diversity of
cosmopolitan Leptospira that are likely of recent introduc on3. From a
preven on standpoint, data produced on the islands of Indian Ocean suggest
that rats are not the only animals at play in the epidemiology of this neglected
zoonosis. These inves ga ons rather support an important role of other animal
taxa, including dogs and mammals endemic to these islands4,5. Altogether, these
data show that the inves ga on of a zoonosis through a one‐health approach
highlights the transmission cycles at work in a given ecosystem and hence helps
guiding the control measures to be implemented at each specific environment.
References
1.Dietrich, M. et al. Diversifica on of an emerging pathogen in a biodiversity hotspot: Leptospira in
endemic small mammals of Madagascar. Mol. Ecol. 23, 2783–2796 (2014).
2.Lagadec, E. et al. Iden fica on of Tenrec ecaudatus , a Wild Mammal Introduced to Mayo e
Island, as a Reservoir of the Newly Iden fied Human Pathogenic Leptospira mayo ensis. PLOS Negl
Trop Dis 10, e0004933 (2016).
3.Guernier, V. et al. Human Leptospirosis on Reunion Island, Indian Ocean: Are Rodents the (Only)
Ones to Blame? PLOS Negl Trop Dis 10, e0004733 (2016).
4.Tortosa, P., Dellagi, K. M. & Mavingui, P. Leptospiroses on the French islands of the Indian Ocean.
Bull. Epidémiologique Hebd. ‐ BEH 8–9, (2017).
5.Biscornet, L. et al. Human leptospirosis in Seychelles: A prospec ve study confirms the heavy
burden of the disease but suggests that rats are not the main reservoir. PLoS Negl. Trop. Dis. 11,
e0005831 (2017).

100

ID 85065—Conference Day 2—Session 3—Oral

LEPTOSPIROSIS MORTALITY OF SRI LANKA FROM 1959 TO 2017; A SYSTEMATIC
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Background: Even though Leptospirosis con nues to be a major problem,
mortality is underes mated due to unavailability of defini ve methods to
confirm the diagnosis. This systema c review aimed to gather and evaluate
credible available data on Leptospirosis mortality since the first published
literature on Leptospirosis in Sri Lanka in 1959.
Methods: An electronic search was conducted using Pubmed, Science cita on
index, Social science cita on index, Web of knowledge, Cochrane, Trip and
Google scholar. Selected grey literature sources were explored in local libraries
and ins tu ons. Mortality data from 2008 to 2015 on quarterly epidemiological
bulle ns (QEB) were analyzed.
Results: The ini al search resulted in 78 ar cles, including 17 containing
mortality data and 6 case reports or case series without defined popula on. Ten
of 17 ar cles reported hospital based mortality data in which mortality was
assessed based on probable and confirmed cases of leptospirosis. QEB held data
based on probable cases of Leptospirosis. According to QEB, the highest number
of deaths were reported in the year 2008 (n=207) and the highest case fatality
rate (CFR) of 2.9% in 2009 (Quarterly Epidemiological Report, 2008,2009).
Highest CFR among confirmed hospitalized cases was 21.8%, reported in Kandy
in 2008 (Kularatne et al., 2011), and among probable cases was 9.9% at Ragama
Hospital (Ramachandran, Rajapakse and Perera, 1974). The majority of reported
cases were males. Cardiac and lung involvement were the most common cause
of death among confirmed cases. There was a gross disparity in average CFR
between hospital‐based confirmed and probable cases of Leptospirosis (3.5% vs.
7.3% respec vely).
Conclusions: A well planned mortality surveillance is essen al for a real
assessment of burden of Leptospirosis in Sri Lanka.
References
Kularatne, S. A. M., Budagoda, B. D. S. S., de Alwis, V. K. D., Wickramasinghe, W. M. R. S., Bandara, J.
M. R. P., Pathirage, L. P. M. M. K., Gamlath, G. R. R. D. K., Wijethunga, T. J., Jayalath, W. A. T. A.,
Jayasinghe, C., Pinto, V., Somaratne, P. and Kumarasiri, P. V. R. (2011) ‘High eﬃcacy of bolus
methylprednisolone in severe leptospirosis: a descrip ve study in Sri Lanka’, Postgraduate Medical
Journal, 87(1023), pp. 13–17. doi: 10.1136/pgmj.2009.092734.
Quarterly Epidemiological Report (2008). Available at: h p://www.epid.gov.lk/web/index.php?
op on=com_content&view=ar cle&id=163&Itemid=450&lang=en (Accessed: 10 August 2017).
Ramachandran, S., Rajapakse, C. N. and Perera, M. V (1974) ‘Changing pa erns in leptospirosis in Sri
Lanka.’, The Ceylon medical journal, 19(3), pp. 142–9. Available at: h p://www.ncbi.nlm.nih.gov/
pubmed/4457242 (Accessed: 2 July 2016).
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Background: Leptospirosis morbidity and mortality in China has significantly
decreased since the 2000s, but pockets of infec on remain (Zhang et al., 2012;
Hu et al., 2014; Zhang et al., 2016). We inves gated the spa otemporal
epidemiological and demographical changes in leptospirosis burden in terms of
disability‐adjusted life‐years (DALYs) to be er inform future interven on
strategies.
Methods: We used individual‐level leptospirosis data from the Chinese Na onal
Disease Surveillance Repor ng System (1st January 2005 to 31st December
2015) to analyze changes in morbidity and mortality. We es mated age‐specific
years of life lost (YLLs), years lived with disability (YLDs), and DALYs for both
sexes for 26 provinces in China during 2005‐2015. We performed trend analysis
and mapped changes in burden over space and me.
Results: A total of 7,763 leptospirosis cases were reported during 2005‐2015.
We es mated a total of 10,313 DALYs accoun ng for 1,804 YLDs and 8,509 YLLs,
were lost during that period. Males had highest DALY es mates (7,150 DALYs)
compared to females (3,163 DALYs). Younger individuals aged 10‐19 had
contributed to approximately 30% of the total DALYs. A steep decline in the
DALY es mates was observed during 2005‐2010 (P‐trend<0.001) and remained
at a low level during 2011‐2015. The greatest reduc on in morbidity and burden
was observed in the southern provinces of China.
Conclusions: A drama c epidemiological change and reduc on in the burden of
leptospirosis in China was observed in the past decade. Eﬀorts to eliminate
leptospirosis should be focused on high‐risk popula ons and areas iden fied in
our study.
References : Zhang C, Wang H, Yan J. Leptospirosis prevalence in Chinese popula ons in the last two
decades. Microbes and Infect. 2012;14(4):317‐23. doi: 10.1016/j.micinf.2011.11.007.
Hu W, Lin X, Yan J. Leptospira and leptospirosis in China. Curr Opin Infect Dis 2014, 27(5):432‐436.
Zhang X, Hou F, Li X, Zhou L, Liu Y, Zhang T. Study of surveillance data for class B no fiable disease in
China from 2005 to 2014. Interna onal Journal of Infec ous Diseases 2016, 48:7‐13.
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DESCRIPTIVE EPIDEMIOLOGY OF HUMAN LEPTOSPIROSIS IN NEW ZEALAND:
1999 TO 2016
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Background: Leptospirosis was first iden fied in New Zealand (NZ) in the 1950’s
[1]. Na onwide no fica ons between 1990‐1998 iden fied meat workers with
the highest incidence risk and predominance of serovar Hardjo. This study
describes the epidemiology of human leptospirosis from 1999 and 2016.
Methods: Laboratory and no fied disease surveillance data from 1 January 1999
to 31 December 2016 were collated from EpiSurv (h ps://surv.esr.cri.nz/
surveillance/surveillance.php). Demographics, long term and seasonal trends
were explored using loess smoothing and stra fied by serovar.
Results: There were 1,556 no fica ons of human leptospirosis between 1999
and 2016. This period had 3 incidence peaks; 2002, 2008 and 2012 (~3.4, 2.3 and
2.4 per 100 000 respec vely). Leptospirosis no fica ons remained high amongst
individuals directly exposed to animals (1,276/1,556) with males comprising the
majority of cases (1,384) [3,4]. Serovars were iden fied in 71% of no fied cases
over the 18‐year study period. Stra fica on by serovar over me showed a
decreasing for Hardjo and Pomona and an increase for Ballum. There was a
winter peak in Ballum, a spring speak in Hardjo and a winter trough for Tarassovi
no fica ons. Preliminary analysis of occupa onal data showed dairy farmers
were more likely to be no fied with Tarassovi than dry stock farmers.
Conclusions: The past 18 years shows a declining trend in no fica on with
tradi onally livestock‐associated serovars (Hardjo and Pomona) and an increase
in the wildlife‐associated serovar Ballum. Seasonal dairy farming exposure
suggested a Tarassovi trough in the non‐milking period and a Hardjo peak during
calving season. Further detailed results will be presented at the conference.
References
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Background: Leptospirosis has a complex transmission that includes several
strains and serovars involving mul ple maintenance and incidental hosts,
including humans. This study was aimed to develop a mathema cal model for
simula ng within‐herd transmission of pathogenic Leptospira among ca le,
dogs, rodents and humans in a typical dairy opera on in Southern Chile.
Methods: An age‐structured mul ‐host model was developed using a set of 51
diﬀeren al equa ons represented in five modules. The age‐structure and
transmission model was assigned to each module according to the main
epidemiological characteris cs of the disease and it included direct, indirect,
sexual and environmental transmission pathways and it accounts for within and
between‐hosts transmission. For environmental transmission, the model
included several parameters to simulate the survival of the bacteria in the
environment. A community‐wide pathogen reproduc ve ra o (cR0) [1] was
es mated.
Results: The results showed that the introduc on of an index case either in
ca le, rodents or pets resulted in both within‐ and between‐hosts outbreaks.
The cR0 was es mated as 1.12. Other indicators and results will be presented
during conference.
Conclusions: a) The introduc on of an index case in a naive popula on can lead
to an outbreak in hosts community; b) this model captured most of the
important epidemiological characteris cs of the transmission of pathogenic
Lepstospira based on exis ng informa on from literature and it could be
adapted to incorporate defined epidemiological characteris cs and mi ga on
strategies; and c) this system dynamic model provided li le value to small
popula ons but can be adapted to an agent‐based framework.
References
[1] Dobson, A. Popula on dynamics of pathogens with mul ple host species. Am. Nat., 164 (2004)
Suppl , S64–78.

104

ID 85056—Conference Day 2—Session 3—Oral

USING GEOGRAPHICALLY‐WEIGHTED REGRESSION TO UNDERSTAND SPATIAL
VARIATION IN THE INFLUENCE OF ENVIRONMENTAL DRIVERS ON
LEPTOSPIROSIS TRANSMISSION IN FIJI
Helen Mayfield1*, John Lowry2,3, Conall Watson4, Mike Kama5, Eric Nilles6,
Colleen Lau1
1*

The Australian Na onal University, Canberra, Australia;
Massey University, Palmerston North, New Zealand;
3
The University of South Pacific, Suva, Fiji;
4
London School of Hygiene and Tropical Medicine, London, United Kingdom;
5
Fiji Centre of Communicable Disease Control, Ministry of Health, Suva, Fiji;
6
Division of Pacific Technical Support, World Health Organiza on, Suva, Fiji
2

Background: Leptospirosis is a globally important zoono c disease, with
complex exposure pathways that depend on interac ons between humans,
animals, and the environment. Major drivers of outbreaks include flooding,
urbanisa on, poverty, and agricultural intensifica on. The intensity of drivers
and their rela ve importance vary between geographic areas and socio‐
ecological niches, but standard regression methods are incapable of capturing
these spa al varia ons.
Methods: Data on human infec on, environment, and socio‐demographics were
collected from 2152 par cipants in 81 communi es in Fiji (Lau et al 2016).
Geographically weighted logis c regression (GWLR) was used to quan fy the
spa al varia on in the rela ve importance of five environmental and socio‐
demographic covariates (ca le density, distance to rivers, poverty rate,
residen al se ng and rainfall) on leptospirosis transmission in Fiji. GWLR results
were compared against standard logis c regression (LR), used to produce a
leptospirosis risk map, and maps showing the spa al varia on in odds ra os
(OR) for each covariate.
Results: GWLR performed be er than LR (Aikaike Informa on Criterion 1254 vs
1935). Both models produced similar OR, but GWLR also detected spa al non‐
sta onarity in all covariates. OR for maximum rainfall (median 1·30, IQR 1·27‐
1·35) varied the least across the study area, while distance to river varied the
most (median 1·45, IQR 1·35‐2·05).
Conclusions: GWLR provides a valuable method for modelling spa al
heterogeneity of covariates and their rela ve importance over geographic
space. Results of GWLR could be used to develop more targeted and more cost‐
eﬀec ve public health interven ons, par cularly for diseases with strong
environmental or socio‐demographic drivers of transmission.
References
Lau CL, Watson CH, Lowry JH, David MC, Craig SB, Wynwood SJ, Kama M, Nilles EJ. Human
Leptospirosis Infec on in Fiji: An Eco‐epidemiological Approach to Iden fying Risk Factors and
Environmental Drivers for Transmission. PLoS Negl Trop Dis 10(1):e0004405, 2016.
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Background: Risk maps of leptospirosis can be used to inform preven on and
control strategies, and provide eco‐epidemiological insights. Spa al Bayesian
networks (SBNs) provide a novel approach for risk mapping and scenario
modelling; advantages over more tradi onal methods include the visual and
interac ve interface; the ability to include spa al and non‐spa al data and
rapidly update maps as new data become available; and risk predic on under
diﬀerent scenarios.
Methods: Community‐level data were obtained from a human leptospirosis
study in Fiji (Lau et al 2016), including seroprevalence (average 17%),
environmental variables and socio‐demographic factors. Variables were selected
using ‘sensi vity to findings’ analysis to eliminate those with least influence on
model performance, as measured by area under the curve of the receiver
opera ng characteris c (AUC). Selected variables were used to build an expert‐
structured model, predict risk under diﬀerent scenarios, and create an
interac ve and dynamic risk map using GeoNe ca so ware (Norsys 2017).
Results: The most influen al variables included popula on density, community
type, water supply, ethnic composi on, presence of pigs, and distance to rivers.
Average AUC over 20 trials was 0.83. Using scenario analysis, the model
predicted that an urban residen al community with good water supply and no
pigs had an 8.6% probability of having >17% seroprevalence. In contrast, a rural
village with poor water supply and pigs had an 86.0% probability.
Conclusions: SBNs oﬀer a valuable approach to leptospirosis risk mapping.
Scenario analysis can help iden fy high‐risk areas, predict the impact of future
environmental/demographic change, and compare the eﬀec veness of
preven on and control strategies.
References:
Lau CL, Watson CH, Lowry JH, David MC, Craig SB, Wynwood SJ, Kama M, Nilles EJ. Human
Leptospirosis Infec on in Fiji: An Eco‐epidemiological Approach to Iden fying Risk Factors and
Environmental Drivers for Transmission. PLoS Negl Trop Dis 10(1):e0004405, 2016.
Norsys So ware Coorpora on 2017. GeoNe ca. h ps://www.norsys.com/WebHelp/NETICA/
X_GeoNe ca.htm
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Background: Leptospirosis is a worldwide zoono c disease, which may be
maintained in livestock species in Thailand. These livestock are considered as
common reservoirs of leptospires (Chadsuthi, 2016). The aim of this study was
to iden fy risk factors, using flooding indicator and rainfall data in livestock in
Thailand during 2011‐2013.
Methods: A total of 3,571 urine samples in 107 districts were randomly
collected from 488 buﬀaloes and 3,083 ca le from January 2011 to February
2013. The loop‐mediated isothermal amplifica on (LAMP) technique was used
to examine for the presence of pathogenic leptospires (Suwancharoen, 2016).
The rainfall data were extracted from Tropical Rainfall Measuring Mission. To
iden fy flood areas, we used the data from Moderate Resolu on Imaging
Spectroradiometer (MODIS), which provides an es ma on of surface spectral
reflectance measured at ground level in the absence of atmospheric sca ering
or absorp on. We used the Modifica on of Normalized Diﬀerence Water index
(MNDWI) to es mate the flood area (Xu, 2016). The presence/absence of
leptospires was used to fit with the full data set and find the marginal eﬀect
curves of each variables by using the Boosted regression tree model.
Results: The fi ng using the values of predictor variables provided a high
predic ve accuracy with training data area under curve (AUC) = 0.836 and cross‐
valida on AUC = 0.817. We found the cumula ve rainfall for 30 days and
percentage of flooding area were the most important for predic ng the
presence of leptospirosis.
Conclusions: This findings suggest that cumula ve rainfall and percentage of
flooded area in district level have the most influence for predic ng the
leptospirosis infec on risk for condi ons in Thailand.
References: : Chadsuthi S, Bicout DJ, Wiratsudakul A, Suwancharoen D, Petkanchanapong W,
Modchang C, et al. (2017) Inves ga on on predominant Leptospira serovars and its distribu on in
humans and livestock in Thailand, 2010‐2015. PLoS Negl Trop Dis 11(2): e0005228. doi:10.1371/
journal.pntd.0005228
Suwancharoen D, limlertvatee S, Che yawan P, et al. (2016) A na onwide survey of pathogenic
leptospires in urine of ca le and buﬀaloes by Loop‐mediated isothermal amplifica on (LAMP)
method in Thailand, 2011–2013. The Journal of Veterinary Medical Science 78(9):1495‐1500.
doi:10.1292/jvms.15‐0493.
Xu H (2006) Modifica on of normalised diﬀerence water index (NDWI) to enhance open water
features in remotely sensed imagery. Interna onal journal of remote sensing 27: 3025‐3033.
107

ID 85101—Conference Day 2—Session 3—Oral

LEPTOSPIROSIS IN ABATTOIR WORKERS IN UGANDA: A RISK ASSESSMENT
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Background: In Uganda, the condi ons conducive for the emergence and
persistence of Leptospira are common. Even though a recent study revealed
that ≥ 35% of pa ents seeking healthcare were seroposi ve for Leptospira, it
has not been studied how the pathogen is transmi ed to people. Risk factors for
human infec on with Leptospira are largely unknown. The objec ve of our study
was to iden fy common pathogenic Leptospira serovars circula ng in humans
and livestock in Uganda and to determine risk factors for exposure in aba oir
workers.
Methods: Cross‐sec onal data were collected to (a) measure the
seroprevalence, iden fy risk factors for Leptospira exposure in aba oir workers,
and (b) quan fy the seroprevalence of Leptospira in livestock slaughtered in
Ugandan aba oirs. Blood samples collected from ca le, sheep, goats, and pigs
slaughtered in two major aba oirs in Kampala were evaluated using
Microscopic Agglu na on Tes ng (MAT). Aba oir workers from these facili es
were tested serologically and interviewed for both occupa onal and non‐work‐
related exposure risk factors to human pathogenic Leptospira. Es mates for
seroprevalence of exposure to Leptospira will be calculated by dividing MAT
posi ve samples by the corresponding total number of humans, and each
livestock species tested. Important risk factors for exposure evaluated using
con ngency tables ini ally, followed by mul variable logis c regression
modeling to adjust for confounders, will be iden fied.
Results: We have collected blood samples from ca le (n =300), sheep (n =15),
goats (n =160), pigs (n =250) and aba oir workers (n =200). Serological tes ng of
these samples using MAT is ongoing. We are processing data on exposure risk
factors among aba oir workers and will present results at the conference.
Conclusions: Upon comple on, we expect to gain a be er understanding of
Leptospira species diversity in Uganda, major livestock species carrying human
infec ng Leptospira serovars, and rela onships between Leptospira serovars
isolated from livestock and humans for insights into common sources of
transmission.
References : Dreyfus A, Dyal JW, Pearson R, Kankya C, Kajura C, Alinaitwe L, Kakooza S, Pelican KM,
Travis DA, Mahero M, Boulware DR, Mugisha L: Leptospira Seroprevalence and Risk Factors in
Health Centre Pa ents in Hoima District, Western Uganda. PLoS Negl Trop Dis 2016, 10
(8):e0004858.
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Background: Rats are known as major reservoirs for leptospirosis, which is
endemic and remains an under‐reported disease in Indonesia. Taxonomic and
bionomic informa on about Leptospira is limited, whereas it is necessary to
know more about virulence reservoir hosts of this pathogen. A na onal‐scale
study to detect zoono c pathogens in rats, mosquitoes, and bats was performed
throughout Indonesia. The aim of the study was to update informa on on
vectors and reservoirs for endemic zoonoses in a variety of ecosystems, as
baseline data for na onal zoonosis control. Here we present survey results of rat
and their carriage of pathogenic Leptospires in 15 provinces of Indonesia.
Methods: We implemented a cross sec onal study in 3 districts of each of 15
provinces, covering 6 diﬀerent ecosystems per district. Rats were collected using
live traps, their species was iden fied, and blood sera and kidneys were
collected. The Leptospira serovar was iden fied by microscopic agglu na on
test (MAT) and by PCR examina on of kidney ssue.
Results: A total of 1259 rats consist of 40 species of rats from 16 genera
collected from 15 provinces. The MAT results of 15% of serum samples showed
that 14 serovars had found in a variety of rats, which were distributed in the
diﬀerent provinces. Serovar Canicola, Djasiman, and Icterohaemorrhagie were
commonly found in almost all provinces. The PCR test out of 15% kidney
samples confirmed that an average of 14% rat’s kidneys contained pathogenic
Leptospira in each province.
Conclusion: Rats are a poten al reservoir for human leptospirosis.
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IMPORTANCE OF UNDETECTED SERUM ANTIBODIES FOR PROTECTION FROM
LEPTOSPIROSIS, INCLUDING ANTIBODIES AGAINST SEROVAR HARDJO IN
CATTLE
Klaasen HLBM*, van der Veen M
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Background: Since the me that cell‐mediated immunity was shown to be
involved in bovine infec on with Leptospira borgpetersenii serovar Hardjo
(Naiman et al. 2001; Brown et al. 2003) cell‐mediated immunity is considered to
be more important for this infec on than specific an bodies. However, in our
studies we demonstrated that serum an bodies alone provided full protec on
in various animal species, including ca le.
Methods: Study 1: Serum from calves vaccinated with a Hardjo vaccine was
administered to a group of calves. A control group remained untreated. A er 7
weeks both groups (being seronega ve) were challenged with Hardjobovis
bacteria. Urinary shedding was assessed un l 6 weeks a er challenge. Study 2:
Some sera from dogs that were vaccinated with a tetravalent vaccine but tested
nega ve for Icterohaemorrhagiae an bodies were administered to hamsters,
24 hours later followed by challenge with a strain of sv. Copenhageni. Mortality
was recorded un l day 14 post‐challenge.
Results: Study 1: In the test group 0/5 calves were shedders, whereas in the
control group 4/5 calves were shedders, implying that undetectable levels of
vaccine‐induced an bodies were 100% protec ve. Study 2: Results of mortality
were as follows (dead per total of hamsters): nega ve control serum, 4/5;
posi ve control serum, 0/5; test serum, 0/5. These results as well imply that
vaccine‐induced an bodies at very low concentra ons were 100% protec ve.
Conclusions: All sera derived from vaccinated calves/dogs were free of blood
cells, and only passive and not ac ve immunisa on was done. Therefore, full
protec on was achieved with very low levels of vaccine‐induced an bodies,
without any cell‐mediated immunity.
References
Naiman BM, Alt D, Bolin CA, Zuerner R, Baldwin CL. Protec ve killed Leptospira borgpetersenii
vaccine induces potent Th1 immunity comprising responses by CD4 and γδ T lymphocytes. Infect.
Immun. 69, 7550‐7558, 2001.
Brown RA., Blumerman S, Gay C, Bolin C, Duby R, Baldwin CL. Comparison of three diﬀerent
leptospiral vaccines for induc on of a type 1 immune response to Leptospira borgpetersenii serovar
Hardjo. Vaccine, 21, 4448‐4458, 2003.
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FARM VISIT AND WORKSHOP
WEDNESDAY 29TH NOVEMBER

Te Rohenga , Levin , Horowhenua district , New Zealand
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THE FARM EXCURSION
You will be visi ng a typical New Zealand sheep and beef farm in the
Horowhenua district. You will enjoy a BBQ on farm, take part in a workshop
using farm data that has been collected to develop a leptospirosis management
program and discover some of the typical New Zealand farm ac vi es!
Timetable
12.45 pm
1.30 pm
1.35 pm
2.30 pm
2.45 pm
3.00 pm
4.00 pm
4.30 pm
5.00 pm

Departure from the Conference & Func on centre
Welcome and health and safety briefing (Roger Marchant & Rob
Gaskin)
Lunch (BBQ on farm)
Talk by Rob Gaskin (farmer)
Talk by Hugh Bentall (farm veterinarian)
Workshop (Emilie Vallee and Peter Wilson)
Sheep blood sampling /sheep shearing demo
Sheep dog demo*
Wrap up, tea, van ride to the viewpoint* / first bus back to
Palmerston North

5.30 pm
Departure from the farm
*weather dependent

Bus and Lunch is proudly provided by Virbac Australia

au.virbac.com
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CONFERENCE DAY 3
THURSDAY 30TH NOVEMBER 2017
"CLINICIANS AND THEIR PATIENTS"

Sculpture of Whatonga : Manawatu Gorge Track , New Zealand
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CLINICAL DISEASE AND DIAGNOSIS OF LEPTOSPIROSIS IN HUMANS
Renee Galloway
Centers for Disease Control and Preven on, Atlanta, GA USA

Leptospirosis in humans presents with a myriad of symptoms and can cause
vastly diﬀerent syndromes. Most infec ons are mild or self‐limi ng; however,
those that progress to severe illness can cause very diﬀerent courses of disease.
The classic Weil’s disease aﬀects the kidney and liver and is the most common
presenta on of severe leptospirosis. However, other syndromes can confuse
the diagnos c picture.
Pa ents presen ng with severe pulmonary hemorrhagic syndrome (SPHSS)
experience a very rapid decline due to acute respiratory distress and pulmonary
hemorrhage. SPHSS has a high mortality rate and appears to be increasing.
Meningi s due to leptospirosis is also underreported, as evidenced in one
pa ent who was chronically infected for a year, with symptoms that finally
resolved when a diagnosis of leptospirosis was made that directed appropriate
treatment. The possibility of chronic infec on due to leptospirosis has similarly
arisen in young men repeatedly exposed to leptospirosis in sugar cane or
farming fields, who have died from chronic kidney disease (CKD).
These varied syndromes make the clinical diagnosis of leptospirosis a challenge.
The eﬃcacy of an bio c treatment of leptospirosis is not clear; however early
treatment may decrease the dura on and severity of illness, and therefore
prompt diagnosis is important. Certain laboratory values are associated with
clinical leptospirosis (decreased bicarbonate and platelets along with increased
white blood cell count and serum crea nine) and can assist with empirical
diagnosis. A diagnos c model was developed in Sri Lanka that uses clinical
features with basic laboratory values to come up with a score used to predict
leptospirosis infec on. The inclusion of pa ent history of poten al exposures
also contributes to the clinical and lab observa ons to diagnose leptospirosis
more accurately. In addi on to a pa ent history of risk factors, communica on
with local veterinary and agriculture departments is cri cal since leptospirosis
outbreaks in animals can present an increased risk to humans. By monitoring
the occurrence of the disease in animals, physicians can be be er prepared to
include leptospirosis in the disease diﬀeren al. Although empiric diagnosis
based on these factors is far from perfect, the use of such tools can be very
helpful in resource‐poor areas or regions that lack pa ent tes ng for
leptospirosis.
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Laboratory diagnosis of leptospirosis commonly involves serology to detect
an bodies or molecular tes ng to detect Leptospira DNA in clinical specimens.
Isola on of a culture is confirmatory but is insensi ve and the organisms take
long to grow. The gold standard reference test for serology is the Microscopic
Agglu na on Test (MAT), which is technically diﬃcult to perform and requires
the maintenance of a panel of live strains. Due to the diﬃcult logis cs of the
MAT, it is usually only performed in reference labs, therefore many hospitals
use ELISA to detect an bodies at a higher throughput. Many rapid detec on
tests (RDTs) have been developed that detect IgM an bodies in pa ents with
acute illness. RDTs are easy to use, give results within minutes, and require no
addi onal equipment and thus have become useful in primary health care
se ngs or resource‐poor areas that lack laboratory tes ng for leptospirosis.
Serology is o en diﬃcult to interpret, however, due to the ming of the
specimen collec on, circula ng an bodies that may be present from a past
exposure, the types of an gens used in the tests to detect an bodies, and lack
of seroconversion in some pa ents.
Detec on of DNA by PCR in a symptoma c pa ent can confirm a diagnosis of
leptospirosis; however, a nega ve molecular test will not necessarily rule it out.
Due to the transient nature of Leptospira in the bloodstream, the window of
op mal specimen collec on is very narrow for DNA detec on. A mul faceted
approach using both serology and molecular detec on is recommended for the
diagnosis of leptospirosis in humans, while keeping in mind the nuances of
interpreta on of laboratory tests.
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A STUDY ON THE EPIDEMIOLOGICAL, CLINICAL AND LABORATORY PROFILE OF
LEPTOSPIROSIS WITH A VIEW TO DEVELOP A PREDICTION MODEL
Padma kumar Balasundaram1*, Kanakamma Gnanaseelan Libu2, Kumari PB
Jayageetha3
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Back ground: Leptospirosis is under diagnosed from developing countries due to
lack of awareness of the disease and varying clinical presenta ons.1 Serological
tests are not useful for early diagnosis and facili es are not widely available.2
Most of the available diagnos c criteria use serological parameters as an
essen al component.3,4,5 This study aimed at developing a predic on model
based on changes in simple laboratory parameters in the early stage of disease
along with certain epidemiological and clinical features .
Methods: It was a prospec ve cohort study consis ng of 389 febrile illness
subjects admi ed to a ter ary care centre in central Kerala, India. Socio
demographic, clinical and laboratory parameters were extracted using a semi
structured interview schedule, clinical examina on and inves ga ons.
Results: A er mul variate analysis, following parameters were included in the
predic on model. Contact with contaminated water (Odds Ra o 16.17, 95%
Confidence Interval 2.93‐88.95) occupa onal contact with ca le (OR 29.7, 95%
CI 4.5‐197.4) drinking unboiled water (OR 32.8, 95% CI 3.4‐311.6) conjunc val
conges on (OR 10.6, 95% CI 2.1‐53.8) muscle tenderness (OR 6.7, 95% CI 1.2‐
36.3) leucocytosis (OR 6.1, 95% CI 1.2‐28.9) neutrophilia (OR 7.6, 95% CI 1.4‐
41.6) elevated ESR (OR 62.3, 95% CI 11.1‐349.6) and raised SGOT (OR 24.2, 95%
CI 2.6‐223.7). For building the predic on model, weightage was assigned to
selected parameters based on the regression coeﬃcient and tool thus
developed has a sensi vity of 96.4 and specificity 97.1.
Conclusion: This tool can diagnose Leptospirosis at an earlier stage with
significant sensi vity and specificity using simple laboratory findings, history and
clinical examina on.
References
Terpstra WJ, World Health Organiza on, Interna onal Leptospirosis Society, editors. Human
leptospirosis: guidance for diagnosis, surveillance and control. Geneva: World Health Organiza on;
2003. 109 p.
Shivakumar S, Shareek PS. Diagnosis of leptospirosis u lizing modified Faine’s criteria. J Assoc
Physicians India. 2004 Aug;52:678–9.
Na onal Guidelines Diagnosis, Case Management Preven on and Control of Leptospirosis.
NATIONAL CENTRE FOR DISEASE CONTROL. DELHI, INDIA. [Internet].[cited 2017 Jul 14]. Available
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The Leptospirosis Task Force. Philippine clinical prac ce guidelines on the diagnosis, management
and preven on of leptospirosis 2010.Leptospirosis‐CPG‐2010.pdf [Internet]. [cited 2017 Jul 14].
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REAL‐TIME QPCR AS A REFERENCE STANDARD TEST FOR DIAGNOSIS OF
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Background: Diagnosis of leptospirosis can be achieved by three broad
methods such as bacteriological, molecular, and serological techniques.
Leptospirosis Burden Epidemiology Reference Group (LERG) recommends using
serological reference test microscopic agglu na on test (MAT) on or a er the
eighth days of fever or tes ng paired sera for detec on of an an body rise or
seroconversion. Isola on of pathogenic Leptospira organism or the DNA in a
clinical sample is the reference standard tests recommended by LERG (WHO,
2011).
Methods: A group of 66 pa ents with clinical diagnosis of leptospirosis
presented prior to an bio c treatment with less than eight days of illness were
recruited for acute sampling and convalescent sample was collected at 21 days
of infec on for the paired MAT. Six samples were excluded and real‐ me
quan ta ve PCR assay was not performed since there were either in suﬃcient
DNA following extrac on or very low quan ty of extracted DNA. Diagnos c
performance of the three reference standard tests was studied (n=60; days of
symptoms < 8) to iden fy a suitable reference standard test. MAT, Isola on of
Leptospira and LipL32 qPCR was performed on the samples.
Results: On Baysian Latent Class Modelling analysis, the propor on of pa ents
diagnosed with leptospirosis among this group of pa ents was 0.72. Real‐ me
qPCR showed high sensi vity of 97.6% (83.6 ‐ 100%) compared to the isola on
of Leptospira and MAT, which showed sensi vi es of 32.1% (18.8 ‐ 47.9%) and
75.1% (60.1 ‐ 88.6%) respec vely. Real‐ me qPCR and isola on of Leptospira
showed high and similar specifici es of 95.4% (58.4 ‐ 100%) and 98.2% (78.3 ‐
100%) respec vely, compared to MAT, which showed specificity of 80.0% (52.9 ‐
99.6%). When real‐ me quan ta ve PCR was considered as the reference test
the propor on of pa ents diagnosed with leptospirosis remained similar at 0.72
(0.58 – 0.82). Isola on of Leptospira showed low sensi vity of 32.6% (19.5 ‐
48.7%) and high specificity of 100% (77.1 – 100%). MAT showed moderated
sensi vity and specificity of 74.4% (58.5 ‐ 86.0%) and 76.5% (49.8 ‐ 92.2%)
respec vely.
Conclusions: Real‐ me qPCR was iden fied as the more suitable reference test
compared to isola on of the organism and MAT, for early diagnosis of
leptospirosis.
Reference: WHO. Report of the Second Mee ng of the Leptospirosis Burden Epidemiology
Reference Group; 2011.
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Background: Microscopic agglu na on test (MAT) is the ‘serological reference
test’ in leptospirosis. Due to the complexity of MAT, ‘point of care’ diagnos c
methods became widely used. The sensi vity and specificity in these tests vary
due to varying an genic components, geographical diversity and endemicity of
leptospira.
This study was carried out to validate commercially used ELISA and
Immunochromatography (ICT) methods in early illness of leptospirosis in Sri
Lanka.
Method: Total of 181 samples was included in the study from pa ents with
confirmed leptospirosis (100), viral hepa s (25), syphilis (25) dengue (25) and
healthy individuals (6). The samples of leptospirosis pa ents were obtained
within 5 ‐7days of clinical symptoms. All the samples were tested by MAT, ELISA
and ICT according to standard procedures and the MAT were considered as the
‘gold standard’.
Results: IgM‐ELISA and ICT had sensi vity of 91%, 73% and specificity of 71.6%,
96% respec vely. Cross reac ons were seen with syphilis sera in MAT (4%) and
IgM ELISA (20%). In dengue sera, cross reac ons were seen with IgM‐ELISA (4%)
and ICT (12%). Cross reac on were not observed with hepa s sera.
Conclusions: IgM‐ELISA showed a higher sensi vity and low specificity than ICT
and cannot be used as stand‐alone diagnos c test. It may be considered as a
screening test to support early detec on of cases ‘presump vely’ but should be
confirmed by MAT or a molecular method.
Due to low sensi vity, ICT has no place in early illness as a screening test in our
se ng.
References
Leve , PN. Leptospirosis. Clin Microbiol Rev, 2001; 14(2):296‐326.
Bajani MD, Ashford DA, Bragg SL, Woods CW, Aye T, Spiegel RA, Plikay s BD, Perkins BA, Phelan M,
Leve PN, Weyant RS. Evalua on of four commercially available rapid serologic tests for diagnosis of
leptospirosis. J Clin Microbiol 2003:41(2): 803‐ 809
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LANKAN STUDY
Marasinghe MGCP1, Bandara AWMKK2, Weerasekera MM3, Gunasekara TDCP3,
Ranasinghe N4, Hapugoda MD5, Fernando SSN3
1* Department of Medicine, Faculty of Medical Sciences, University of Sri Jayewardenepura, Sri
Lanka
2 Department of Basic Sciences, Faculty of Allied Health Sciences, General Sir John Kotelawala
Defence University, Sri Lanka
3 Department of Microbiology, Faculty of Medical Sciences, University of Sri Jayewardenepura, Sri
Lanka
4 Base Hospital, Horana, Sri Lanka
5
Molecular Medicine Unit, Faculty of Medicine, University of Kelaniya, Sri Lanka

Background ‐ Leptospirosis is a poten ally lethal zoono c disease. Limited
informa on is available on disease severity of leptospirosis (Tubiana et al.,
2013). Predictors of disease severity on admission will help the clinician to
an cipate serious complica ons. This study was designed to analyse the severity
predictors of leptospirosis.
Method ‐ Pa ents with suspected leptospirosis based on the WHO surveillance
criteria (WHO,2011) were recruited at three major hospitals in Sri Lanka in 2015.
Confirma on was based on microscopic agglu na on (MAT tre ≥ 1:400) or
polymerase chain reac on tests. Pa ents were divided into severe and non‐
severe groups based on acute kidney injury, acute respiratory distress
syndrome, acute myocardi s and liver failure. Analysis of clinical and laboratory
parameters on admission, were done to iden fy predictors of severe disease.
Results ‐ Out of 62 leptospirosis pa ents, 19 had severe disease. Sub‐conjuc val
heamorrhages (OR ‐ 3.18; CI ‐ 0.96‐10.47; p = 0.05), jaundice (OR ‐ 4.99; CI ‐ 1.57
‐15.86; p = 0.006), haemoglobin < 12 g/dL (OR ‐ 3.2; CI ‐ 1.04–9.84; p = 0.04) ,
white blood cell count > 11 x 109/L (OR – 6.02; CI – 1.76–20.61; p = 0.004),
platelet count < 100 x 109/L (OR – 5.51; CI – 1.67–18.17; p = 0.005), blood urea >
10 mmol/L (OR – 7.13; CI – 2.07–24.54; p = 0.002) and serum crea nine > 120
micmol/L (OR – 11.43; CI – 2.49–52.51; p = 0.001) on admission, were
significantly associated with severe leptospirosis.
Conclusions ‐ Clinical featurers and laboratory inves ga ons predict severe
leptospirosis on admission. Presence of these will need aggressive treatment
and close monitoring.
References
Tubiana S, Mikulski M, Becam J, Lacassin F, Lefèvre P, Gourinat AC, Goarant C, D'Ortenzio E. Risk
factors and predictors of severe leptospirosis in New Caledonia. PLoS Negl Trop Dis. 2013;7(1).
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Reference Group. 2011, World Health Organiza on: Geneva.
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Background: Clinicians have pointed out the urgent need for developing a rapid
test for diagnosis of acute leptospirosis (Picardeau et al. 2014). In this study, we
focused on a 52 kDa leptospiral enzyme, 3‐hydroxyacyl‐CoA (3‐HADH), which is
released in the urine of infected hamsters (Segawa et al. 2014) as a target to
develop a new rapid diagnos c test.
Methods: Bacterial culture and the microscopic agglu na on test (MAT) were
considered as gold standard methods for diagnosis of leptospirosis, while PCR
was used as the method for early diagnosis. An serum to 3‐HADH was prepared
by rabbit immuniza on with a pep de specific for 3‐HADH of pathogenic
Leptospira spp. (EVLAKAKPGKPFYEL). The specificity of the an serum was
evaluated by Western blo ng of bacterial cell lysates and concentrated urine
samples from pa ents.
Results: The an ‐pep de an serum reacted with 3‐HADH of pathogenic species
but not with non‐pathogenic L. biflexa. Among 32 urine samples collected from
pa ents confirmed by MAT or culture, a 52 kDa protein was detected in 53% of
the cases, while PCR was posi ve in 50% and 16 % for blood and urine samples,
respec vely. On the other hand, a 52 kDa protein was detected in 14% of
clinically suspected cases of leptospirosis with nega ve laboratory tests.
Conclusions: The detec on of a 52 kDa protein in urine samples from pa ents
during the acute phase suggested that 3‐HADH is a target candidate for the
development of a point‐of‐care test for leptospirosis. However, sensi vity and
specificity should s ll be increased for accurate diagnosis.
References
Picardeau M et al. Rapid tests for diagnosis of leptospirosis: Current tools and emerging
technologies. Diagn Microbiol Infect Dis 78: 1‐ 8, 2014.
Segawa T et al. Iden fica on of leptospiral 3‐hydroxyacyl‐CoA dehydrogenase released in the urine
of infected hamsters. BMC Microbiology 14: 132‐ 142, 2014
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Background: Currently, polymerase chain reac on (PCR) has become one of the
standard test in diagnosis leptospirosis. However, the role of this test compared
to culture, and microscopic agglu na on test (MAT) ,and
immunochromatographic rapid tests for IgM in early diagnosis of leptospirosis is
s ll unclear. This study aimed to explore the diagnos c accuracy of 3 diagnos c
tests in early diagnosis leptospirosis by using PCR as the reference test.
Methods: This study was a mul center, prospec ve observa onal cohort study
of pa ents between 1st December 2015‐31st July 2017. All the cases were
hospitalized at 15 hospitals in Thailand. Inclusion criteria was pa ents age ≥18
years old who were suspected to have leptospirosis on clinical grounds. We
excluded pa ents who diagnosed with other infec ous diseases. Blood and
urine were collected on the first day a er enrollment and on day 7. For PCR
technique, DNA was extracted to iden fy the lipL32 gene.
Results: Two hundred and sixty‐five cases suspicious for leptospirosis were
enrolled. 71.7% of subjects were posi ve by at least one of three tests. Using
PCR as the standard test, the culture technique had sensi vity, specificity,
posi ve predic ve value (PPV), nega ve predic ve value (NPV) of 4.8%, 100%,
100%, 28.4%, respec vely. MAT paired serum test had sensi vity, specificity,
PPV, NPV of 32.4%, 93.9%, 94.3%, 31.0%, respec vely. The
immunochromatographic rapid test for IgM paired serum test had sensi vity,
specificity, PPV, NPV of 74.5%, 50%, 77.6%, 42.9%, respec vely
Conclusions: In the cohort of early leptospirosis pa ents, using PCR technique as
a standard, the immunochromatographic rapid test showed the highest
sensi vity followed by MAT and culture, whereas the culture method showed
the highest specificity followed by MAT and rapid test.
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THREE SPECIES OF LEPTOSPIRA DETECTED IN BLOOD OF PATIENTS WITH FEVER
IN NORTHERN TANZANIA
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Background: Leptospirosis is a common cause of fever in Tanzania (1), with
ca le and rice fields previously iden fied as likely sources of human infec on
(2). The predominant species and serovars causing human infec on are
unknown. We report the iden fica on of three Leptospira species causing
human leptospirosis.
Methods: We enrolled pa ents from two hospitals in Moshi, Tanzania from
February 2012 through September 2014. We performed leptospirosis
microscopic agglu na on tes ng (MAT) on acute and convalescent serum using
a panel of 20 serovars from 17 serogroups. Among persons with acute
leptospirosis, defined as par cipants with either a four‐fold rise in an body
tre, or a single reciprocal tre ≥800, we performed real‐ me polymerase chain
reac on (PCR) on serum targe ng LipL32 (3). From samples yielding Leptospira
DNA, we performed species‐specific PCR using ompL1 and secY primers (4).
Results: Among 1,446 par cipants, we iden fied 24 (1.7%) acute leptospirosis
cases using MAT. Of these 24 cases, we detected Leptospira DNA in 3 (12.5%).
In two par cipants with highest MAT tres to serogroup Sejroe, we detected,
using PCR, L. interrogans in one, and L. kirschneri in the other. In one pa ent
with highest MAT tres to serogroup Pyrogenes, we detected L. borgpetersenii.
Conclusions: Our results indicate complex Leptospira ecology. Mul ple
Leptospira species were detected in pa ents with reac vity to two serogroups.
Locally, L. borgpetersenii and L. kirschneri have been detected in ca le, and L.
kirschneri has been detected in sheep (5). This concordance suggests ruminant
livestock may be an important source for human leptospirosis in northern
Tanzania.
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Aim: Knowledge of the host range of Leptospira is cri cal to understand the
epidemiology of human and animal leptospirosis (Ellis, 2015; Terpstra, 2003).
While a empts were made to collate these data many decades ago, they have
not been updated using contemporary systema c review methods (Galton,
1966; Kmetky & Dikken, 1993). We sought to establish the current evidence of
animal hosts and global distribu on of Leptospira.
Methods: Between 17‐19 August 2015 we searched 7 library databases using
the terms “Leptospir* AND ((Animal*) OR (mammal) OR (rep le) OR (bird) OR
126

(avian) OR (amphibian)) AND [complete list of serovars separated by a boolean
OR]. We included reports of isola on or molecular detec on of Leptospira from
a non‐human animal that used robust serologic or molecular methods to
iden fy the serovar or species. We created a searchable database that allows
iden fica on of known hosts for each serovar or species.
Results: Our search iden fied 8,545 ar cles, of which 455 met inclusion criteria.
Reports were published from 1927 through 2015, related to 11 Leptospira
species and 153 serovars, and from 164 animal species in 75 countries. Serovars
with isola ons from ≥20 animal hosts included Grippotyphosa (37),
Icterohaemorrhagiae (31), Pomona (28), Ballum (26), Australis (25), and
Canicola (20), whereas for 70 serovars we iden fied reports of isola on from
only a single animal.
Conclusions: We have compiled published data on the host and geographic
range for each Leptospira serovar or species that serves as a resource for the
global leptospirosis community to facilitate research and epidemiologic
inves ga ons.
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Background: An in‐depth understanding of immune responses is required to
understand the clinic‐pathology of human leptospirosis infec on. We
systema cally reviewed previous literature to summarize cytokine response in
complicated leptospirosis.
Methods: PubMed, Trip, Science‐Direct, Cochrane‐Library, Google‐Scholar and
Google were searched for studies related to cytokine response of Leptospira
infected pa ents. Reference lists of the selected ar cles were also screened.
Results: Of the 217 search results, 16 studies were included in full text review.
India and Thailand have produced most number of studies (19% each, n=3). The
majority were analy cal cross sec onal studies (81%, n=13). Microscopic
agglu na on test (MAT) (63%, n=10) and enzyme‐linked immunosorbent assay
(ELISA) (50%, n=8) were most commonly used for confirma on of leptospirosis
and measurement of cytokines respec vely. IL‐1β, IL‐2, IL‐4, IL‐6, IL‐8, IL‐10, IL‐
17A, IP‐10, TNF‐α, IFN‐γ, sTNFR1, MCP‐1, VEGF and GM‐CSF were seen
associated with severe disease. IL‐8 had an important role in the pathogenesis
of leptospiral hepa s. Sustained low‐eﬃciency dialysis via haemo‐dialysis and
via haemo‐diafiltra on had equal eﬃciency in lowering cytokine levels of
leptospirosis pa ents with acute kidney injury and acute respiratory distress
syndrome. This showed that door‐to‐dialysis me was more important in
lowering inflammatory mediators than the mode of dialysis. Decrease in PDGF
and VEGF were implicated with the presence of hemorrhagic manifesta ons.
Serum cytokine levels were significantly elevated in Weil’s syndrome. IL‐10/TNF‐
α ra o was found to be a good prognosis indicator in Weil’s syndrome.
Conclusions: Cytokine response analysis had a proven role towards the
predic on and management of complica ons related to leptospirosis.
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IMMUNOREACTIVITY OF LEPTOSPIRA COLLAGENASE WITH SERA FROM
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Background: Various Leptospira components have been iden fied as candidate
an gens for an body detec on or vaccine development. Ren et al in 2003
suggested that LA0872 (colA gene) contains the nucleo de sequence coding for
a collagenase. In addi on, this gene was shown to be involved in Leptospira
pathogenesis.
Methods: We have cloned ColA protein and tested its reac vity for an body
detec on by using a slot‐blot technique. Sera from Leptospira‐infected animals
and humans were tested. Sera from blood donors, pa ents with scrub typhus
and dengue virus were included as controls.
Results: ColA protein could react with sera from Leptospira‐infected hamsters
and leptospirosis pa ents. However, sera from blood donors, pa ents with
scrub typhus and dengue virus infec on did not react with ColA protein. Data
suggested that sensi vity and specificity of ColA protein for Leptospira an body
detec on were 100%. In addi on, LipL32, an abundant Leptospira protein, was
used to compare with ColA protein. All sera from leptospirosis pa ents tested in
this study reacted with both ColA and LipL32 proteins. However, ColA protein
showed higher specificity than LipL32.
Conclusion: Our data suggested that ColA protein could be another candidate
an gen for improving an body detec on for leptospirosis diagnosis.
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Background: Host pathogen interac on plays a major role in pathogenesis of
severe leptospirosis. However, the role of high leptospiral load and disease
severity is s ll unclear. This study aimed to explore the correla on between
leptospiral load and organ dysfunc on in leptospirosis
Methods: This study was a mul center, prospec ve observa onal cohort study
of pa ents between 1st December 2015 – 31st December 2016. All the cases
were hospitalized at 15 hospitals in Thailand. Inclusion criteria was pa ents age
>=18 years old who had clinical suspicious of leptospirosis. Blood was collected
on the first day a er enrollment. Leptospirosis cases were confirmed by any of
the following tests posi ve: culture, microscopic agglu na on test, or RT‐
polymerase chain reac on (PCR). We quan fied the leptospiral load by real me
PCR technique. Organ dysfunc ons were defined by using sequen al organ
failure assessment (SOFA) score. We defined severe organ dysfunc on if the
score was equal or higher than 3 for each organ type.
Results: Of the 194 leptospirosis suspicious cases, 172 cases were leptospirosis
confirmed cases. RT‐PCR was posi ve in 169 cases (87%). There were higher
number of bacterial load in severe leptospirosis cases with severe hemodynamic
instability, liver dysfunc on, coagulopathy, and acute kidney injury with P <
0.001 for all. The number of bacterial load was increase with the number of
organ dysfunc on. The SOFA score of liver, renal, and coagula on have the
correla on with leptospiral load with Pearson correla on coeﬃcients of 0.33, P
< 0.001, 0.28, P = 0.01 and 0.33, P <0.001, respec vely.
Conclusion: High leptospiremia is associated with organ dysfunc on in severe
leptospirosis.
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Background: IgM is a valuable screening procedure in the diagnosis of acute,
human leptospirosis infec on. Cross‐reac vity or co‐infec on is reported,
especially with flaviviruses and, the overlap of clinical presenta ons creates
diagnos c challenges. Our aim was to review whether detec on of leptospirosis
IgM was associated with cross‐reac vity with other key pathogens.
Methods: We retrospec vely reviewed the UK na onal database for samples
referred to Public Health England’s Imported Fever Service, with samples for
febrile illness tes ng that included leptospirosis from April 2015 to June 2017.
Where available, clinical data was recorded and analyzed with Microso Excel.
Confirmed cases were classified by a posi ve IgM response with an MAT >
1:320 in a single tre or 3 fold rise in tre in paired sera, or any sample with a
posi ve 16S or Lipl32 PCR result. Probable cases were IgM posi ve with a single
tre of 1:160.
Results: A total of 18,692 samples were tested; 17,639 (94.4%) leptospirosis IgM
nega ve, 306 (1.6%) IgM indeterminate and 747 (4%) IgM posi ve. There was
no change in serological dengue virus IgM detec on across the three groups
(9.1%, 7.9%, and 7.2%; p=0.6).Serological evidence of Japanese encephali s by
IgG was detectable in 22.6%, 27% and 21.6% respec vely (p=0.7). Zika virus IgM
was not detected more o en (p=0.08). No co‐infec ons with dengue,
chikungunya or zika virus (by PCR) were iden fied in confirmed leptospirosis
cases. Of the probable leptospirosis cases, 20% had a confirmed alterna ve
diagnosis (by dengue PCR or Zika PCR) and 25% of IgM indeterminate samples
had confirmed alterna ve diagnosis (dengue, chikungunya or Zika virus).
Conclusions: Samples with serological leptospirosis reac vity were not
associated with increased cross reac vity to flaviviruses. This will inform
na onal tes ng algorithms for tes ng and repor ng.
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PATIENT, HOST OR RESERVOIR? A MULTI‐FACETED
PERSPECTIVE ON ANIMAL LEPTOSPIROSIS
Kathryn J. Allan
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There is no ‘one‐size fits all’ approach to leptospirosis in animals. Leptospira,
the causa ve agent of animal leptospirosis, is a diverse pathogen and more
than 200 pathogenic serovars have been described that may result in clinical
disease in animal hosts (Cerqueira and Picardeau, 2009). Our ability to
recognise and control leptospirosis in animal popula ons is influenced by our
rela onship with the animal species in ques on. Leptospira infec on has been
reported in a wide range of animal species from domes c animals that live
alongside people to wild animal species that rarely encounter people directly.
Our control strategies for animal leptospirosis also vary drama cally, ranging
from targeted vaccina on to protect individual companion animals and their
owners to a empts to eradicated infected animal hosts such as pest species like
invasive rats and mice (Hartskeerl et al., 2011).
As a veterinarian, domes c animals are our pa ents. Our priority is detec ng,
trea ng and preven ng infec on in individual animals or livestock herds. Many
domes c animal species are suscep ble to acute disease following Leptospira
infec on. Amongst our companion animal species, dogs are par cularly
suscep ble to clinical disease compared to cats that appear rela vely resistant
(Weis et al., 2017). Amongst livestock species, acute leptospirosis is more
commonly reported in ca le and pigs than sheep and goats, although repor ng
may also be biased by the produc on systems associated with each of these
species (e.g. intensive dairy farming versus extensive sheep rearing systems)
(Ellis, 2015).
Many of the acute disease manifesta ons seen in domes c animal species are
similar to those seen in people. Weil’s disease, a disease manifesta on defined
by a combina on of acute renal failure and jaundice, is a common presenta on
of severe leptospirosis in dogs and humans (Goldstein, 2010, Haake and Leve ,
2015), and has also been reported in a variety of other animal species (Ellis,
2015). Some species‐specific syndromes are reported. In horses, recurrent
uvei s is associated with Leptospira infec on, and milk drop and reproduc ve
failure are common in infected ca le herds (Ellis, 2015). For farmers and
livestock‐keepers, animal leptospirosis can be a major source of produc on and
economic loss. Leptospirosis in livestock can lead to overt losses from animal
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deaths or abor on storms as well as less apparent produc on losses through
reduced fer lity, prolonged calving intervals or reduced live‐weight gain (Ellis,
1994, Ayanegui‐Alcerreca et al., 2007). These losses may be par cularly
important in subsistence farming se ngs, where farmers are highly dependent
upon livestock for household income, nutri on and well‐being (Allan et al.,
2015).
Detec on of leptospirosis in animals also faces similar challenges to those seen
in people. As with human infec on, molecular diagnos cs such as real‐ me PCR
oﬀer a valuable opportunity for rapid diagnosis of Leptospira infec on in
animals (Idexx Reference Laboratories, 2009), but face many of the same
limi ng factors, including the narrow me window for detec ng leptospiraemia
and reduced sensi vity following an bio c treatment. Culture is imprac cal in
most veterinary prac ces and unlikely to be performed. The microscopic
agglu na on test (MAT) performed on paired serum samples remains the gold
standard for serological diagnosis (Ellis, 2015). However, as with human
pa ents, veterinarians may face challenges in obtaining convalescent samples to
confirm the diagnosis, and prior vaccina on of animal pa ents can add a further
complica on to diagnos c interpreta on.
As well as posing a challenge to the veterinary prac oner and a threat to
animal health and produc vity, animal Leptospira infec on can pose a
substan al threat to human health. Carrier animals can shed infec ous
leptospires in their urine for months to years following ini al infec on. Urinary
shedding of pathogenic Leptospira by infected animals is a major source of
infec on for people and other animals and mul ple connected animal
popula ons may contribute to a local reservoir of Leptospira infec on. Some
animal host popula ons act as maintenance hosts of a par cular Leptospira
serovar and are capable of indefinitely sustaining infec on within an ecosystem
(Viana et al., 2014, Webster et al., 2017). In contrast, animal hosts that develop
a transient Leptospira infec on without becoming chronic carriers are referred
to as incidental or accidental hosts of Leptospira. While these hosts are o en
considered of lesser importance in the epidemiology of infec on, it is important
to note that that valuable informa on can also be gleaned from ‘incidental’
infec ons in animals, which may act as sen nels for an increased burden of
Leptospira infec on within an ecosystem and that both maintenance and
incidental hosts can contribute to the overall reservoir of Leptospira for people
and other animals if they shed leptospires in their urine at any stage of
infec on.
Determining the role of a par cular animal species in the epidemiology of
leptospirosis can be challenging and may vary between diﬀerent geographic
133

Conference Day 3—Session 5—Keynote Speaker

se ngs. Demonstra on of renal infec on or urinary shedding is a cri cal step in
determining whether an animal host could act as a source of infec on (Leve ,
2001). Although serological surveys are the most common way of detec ng
animal Leptospira infec on at the popula on level, serology can only tell us
about historic or recent exposure and is a poor predictor of chronic infec on
and urinary shedding. Historically, some sources have suggested that the
severity of clinical disease in infected hosts can be used to diﬀeren ate
maintenance and incidental hosts, with more severe pathology seen following
an ‘incidental’ infec on (Blackmore and Hathaway, 1979). However, subclinical
infec on can occur in any mammalian species (including people) and this trend
remains poorly understood. Interven on studies, such as the trial of an animal
vaccine, are one of the most robust ways of reliably determining the
epidemiological role of an animal host within an animal host (Haydon et al.,
2002). Interven on studies have the added advantage of simultaneously
reducing the burden of animal infec on that may also reduce the incidence of
human disease, bringing mul ple benefits to an endemic area.
From the diverse array of infec ng Leptospira serovars to the complexi es of
diagnosis, animal leptospirosis con nues to pose a substan al challenge to
veterinary clinicians and public health experts alike. However, integra ng
control in animal popula ons into public health measures to reduce the
prevalence of human infec on is likely to be a more eﬀec ve and equitable
approach to reducing the overall burden of leptospirosis within a community.
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DETECTION OF LEPTOSPIRA SPP. USING TAPERED OPTICAL FIBER
Zainuddin NH1, Lam JY1, Abu Bakar MH1, Yaacob MH1, Mahdi MA1, Chee HY1*
1*

University Putra Malaysia, Serdang, Malaysia;

Background: A tapered op cal fiber is proposed and demonstrated for detec on
of Leptospira spp. Tapering of op cal fiber enhances the light evanescent field
and thus, increases the interac on of the light with the DNA (Leung et al. 2007).
Consequently, presence of the bacteria DNA induces respec ve changes of the
light propaga on in the tapered op cal fiber.
Methods: Op cal single mode fiber of 125 μm diameter is tapered to produce
12 μm taper waist diameter and 15 cm taper length. The surface of tapered fiber
was func onalized by stepwise chemical treatment of sodium hydroxide, APTES
and glutaraldehyde followed by the immobiliza on of the secY capture probe
onto it. Genomic DNA of diﬀerent Leptospira serovars was introduced and
allowed to hybridize. A non‐target Clostridium diﬃcile genome was used as a
nega ve control to demonstrate the system’s specificity.
Results: The changes were determined from the wavelength shi of the
transmission spectrum before and a er the hybridiza on process. When tested
using 1 µM of secY capture probe and genomic DNA at 0.1 ng/µl, the spectrums
of the non‐target C. diﬃcile before and a er the addi on of DNA were
comparable, indica ng a non‐hybridizing event. The spectrum shi ed
significantly (ranging from 0.88 nm to 1.39 nm) for all the tested Leptospira spp.
(n = 7), with the lowest shi observed for saprophy c Leptospira biflexa serovar
Patoc.
Conclusions: These results indicate that the proposed method demonstrated
high sensi vity and good specificity for detec ng Leptospira spp. secY gene. This
will eventually become a new paradigm for the diagnosis of the disease.
References
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ASSESSMENT OF URINE SHEDDING OF PATHOGENIC LEPTOSPIRA IN
NATURALLY INFECTED DAIRY CATTLE
Montes V1, Mon G2, Avilez C3, Tejeda C3 ,Salgado M2
1

PhD program in Veterinary Sciences, Faculty of Veterinary Sciences, Universidad Austral de Chile,
Chile
2
Department of Preven ve Veterinary Medicine, Faculty of Veterinary Sciences, Universidad Austral
de Chile, Chile
3
Laboratory Infec ous Disease, Department of Preven ve Veterinary Medicine, Universidad Austral
de Chile, Chile

Background. To assess pa erns of urine shedding and to quan fy the load of
pathogenic Leptospira spp.among naturally infected ca le
Methods: A longitudinal observa onal study was performed on 6 farms. Urine
was collected at regular samplings from 186 animals for 16 months and tested
by real‐ me PCR targe ng the LipL32 gene. Some samples were cultured and 4
were sequenced using MLST. The pa ern of shedding over me was classified
as:
 Not Persistent (NP): a cow with only one PCR (+) result
 Persistent (P): cows that tested PCR (+) on more than 2 occasions. They
were considered as Short Persistent (SP) when two or more PCR (+) results
occurred within 90 days a er the first sampling posi ve, or High persistent
(HP) when they tested PCR (+) over 90 days.
 Intermi ent (I), cows that tested PCR (+) separated by a nega ve result, and
 Mul ple pa ern (MP): cows with any combina on of the above condi ons,
animals were.
Results. Results are summarised in the Table.
Pa ern

# cows

%

Shedding me
(days)

95% CI

Median urine
load (GE/ml)

MP

81

43.6

Intermi ent

68

36.6

194.2

178.9‐209.4

6.1x104

SP

13

7.0

37.2

31.7; 42.7

5.0x104

HP

17

9.1

117.2

96.9; 137.5

9.3x104

NP

7

3.7

The genotying of Leptospira species iden fied were L. interrogans and L.
kirschneri, which presented pa erns MP and intermi ent pa erns.
Conclusions. We iden fied several pa erns of shedding and they might be
caused by several species of Leptospira spp., even on farms with a history of
vaccina on.
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DIVERSITY AND PREVALENCE OF LEPTOSPIRA SP. SEROVARS IN WILD RODENTS
IN SARAWAK, MALAYSIA
Lela Suut*, Mohamed Nur Azim Mazlan, Mohamad Taha Arif, Joseph Tau Ka p &
Haironi Yusoﬀ
Universi Malaysia Sarawak, Kota Samarahan, Sarawak, Malaysia

Background: Leptopsirosis is a zoono c disease with global distribu on, and is
endemic in Malaysia (Tan et al, 2016). Rodents, in par cular rats have been
iden fied as one of the main reservoirs.
Methods: A study was conducted in Sibu, Sarikei and Kapit divisions in Sarawak
to determine the prevalence of an bodies against Leptospira sp. in rodents
caught in selected areas during the period of July 2011 to May 2014. The caught
rodents were iden fied and blood was collected through cardiac puncture.
Animal ethics approval was obtained from the ins tu onal animal ethics
commi ee. The presence of an bodies was inves gated using microscopic
agglu na on test (MAT) against 20 common pathogenic Leptospira serovars,
and MAT tre of >1:50 was considered as a posi ve result.
Results: In total, 241 sera samples were collected from rodents caught from
Sibu, Sarikei and Kapit in Sarawak. Ninety‐eight rodents (40.7%) were posi ve by
MAT method for 13 out of 20 leptospiral serovars tested. Rodents sera caught in
the Sibu, Sarikei and Kapit divisions were posi ve at 43.9%, 37.5% and 36.4%,
respec vely. The top five serovars detected were: Autumnalis (25.5%), Tarassovi
(23.5%), Bataviae (15.3%), Hebdomadis (8.2%) and Celledoni (7.2%). Sundamys
muelleri (50%, 50/100), Ra us exulans (35.6%; 16/45) and Callosciurus notatus
(32.6%; 15/46) were the three main species that were posi ve for an bodies
against Leptospira sp.
Conclusions: This study demonstrated a high exposurerate of leptospirosis
amongst wild rodents in the central Sarawak, which could poten ally act as
important reservoirs for transmission of Leptospira sp. to human in these areas.
References
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RESERVOIR OF LEPTOSPIRA SP IN SMALL MAMMAL SPECIES IN CÔTE D’IVOIRE,
PRELIMINARY STUDY
Koﬃ KS1,2, Meite S1, Kouassi KS1, Sylla A1, Kouame‐Sina SM1, Dosso M1,
Bourhy P3
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3
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Background: Leptospirosis is transmi ed to humans by direct or indirect contact
with contaminated urine of infected animals. Small mammals are the main
reservoir of Leptospira worldwide. There can be varia ons in the composi on of
reservoir’s species on a geographically basis. Studying animal reservoir allows
best understanding of the circula on of leptospires. This is a preliminary study
that aimed to determine the distribu on of small mammals as reservoirs of
Leptospira in Côte d'Ivoire.
Methods: Between 2016 and 2017, trapping campaigns were organized in 9
areas of Côte d’Ivoire. Each campaign was carried out during 3 nights
corresponding to a total of 240 night‐traps using 3 diﬀerent live‐traps. Trapped
animals were iden fied phenotypically. Kidneys were used for laboratory
analyses. Leptospira were detected and genomic species iden fied using qPCR
targe ng 16S rRNA and l 1 genes.
Results: Of 16 trapping campaigns carried out, 233 small mammals of 15
diﬀerent genders were trapped. Leptospira sp were detected in 6 genders in 7
areas. Thirty‐one infected small mammals were found (13,3%). Leptospira were
mainly detected in gender Ra us (32,3%), Lophuromys (29,0%), and Praomys
(16,1%). Three Leptspira species were detected. Of these, Leptospira interrogans
was the most frequent (74,2%). The highest propor on of infected small
mammals was found in Akouedo (the urban landfill of the city) with 29,0%,
followed by Adiopodoume (25,8%).
Conclusions: This preliminary study presented Ra us sp, Lophuromys sp, and
Praomys sp as probably major Leptospira reservoir in Côte d’Ivoire. It presents
Leptospira interrogans as the most common specie in wild small mammals in the
country.
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SEROLOGICAL EVIDENCE OF LEPTOSPIRA INTERROGANS SEROVAR HARDJO IN
SMALLHOLDER CATTLE AND BUFFALO IN CENTRAL AND NORTHERN LAO PDR
Olmo, L.1, Dye, C. T. 1, Young, J. R.1, Nampanya, S.2, Thomson, P. C.1, Reichel, M.
P.3, Windsor, P. A.1 and Bush, R. D.1
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3
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SAR, China
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Background: Leptospira interrogans can cause abor ons in large ruminants. It
has yet to be inves gated in Lao PDR where the majority of small farmers rear
livestock. Limited data exist although serovar Hardjo has been iden fied as the
most common serovar of ca le and buﬀalo in West Malaysia and North
Australia. Leptospira detected in human cases in Lao belong to serogroups
Panama, Autumnalis, Hebdomadis, and Icterohaemorrhagiae.
Methods: In order to conduct an overview of country‐wide infec on status with
limited in‐country resources, serology was deemed appropriate despite
serological cross‐reac vity between serovars and serogroups in Leptospira.
Therefore, a commercially available enzyme‐linked immunosorbent assay
(ELISA) was used to screen for IgG an bodies against Leptospira interrogans
serovar Hardjo as an ini al study. Sera from healthy 61 buﬀalo and 90 ca le
were selected from the Na onal Animal Health Laboratory in Vien ane, Laos,
serum bank. These were collected between 2013 and 2016, with propor onal
random selec on from six agriculturally significant provinces. Animal age,
season and year of collec on were recorded.
Results: Ca le samples demonstrated a seroprevalence of 22.2% (95% CI ± 8.6),
which was significantly higher than the seroprevalence in buﬀalo of 3.3% (95%
CI ± 4.5; p < 0.003). There appeared to be diﬀerences in seroprevalence
between the six provinces (p = 0.071) indica ng the possible influence for
regional risk factors conducive to increased pathogen transmission rates in
some areas.
Conclusions: Findings of this abor facient pathogen hypothesize poten al
reproduc ve constraints in ca le, and to a lesser extent buﬀalo, that currently
inhibit the development of market supply of beef from smallholder farmers.
These ini al findings jus fy studies to determine species associated serovar,
their associated risk factors and whether they are correlated with human
serogroups.
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THERAPEUTIC PLASMA EXCHANGE IN DOGS SUFFERING FROM LEPTOSPIROSIS
Schweighauser A, Francey T
Vetsuisse Faculty, University of Bern, Switzerland

Background: Leptospirosis o en displays mul ple organ involvement in both
humans and dogs, with leptospirosis‐associated pulmonary hemorrhages (LAPH)
being most frequently a limi ng factor for survival (Haake et al. 2015, Major et
al. 2014). Hypothesizing that immune‐mediated mechanisms may play a key role
in the pathogenesis of LAPH, therapeu c plasma exchange (TPE) combined with
immunosuppression has been shown to improve outcome (Trivedi et al. 2010).
The aim of this study was to describe the eﬀect of TPE on dogs with severe
leptospirosis.
Methods: In a retrospec ve study of 164 client‐owned dogs diagnosed with
severe leptospirosis, displaying three or more organ systems involved (OSI),
outcome was compared between similarly aﬀected animals treated with and
without TPE.
Results: Main OSI were kidneys (100%), lungs (92%), liver (87%) and hemostasis
(65%). The TPE group included 13 dogs. Of the dogs with 3 OSI (n=5), 60%
survived, 20% were euthanized, and 20% died. For dogs with 4 OSI (n=8), 38%
survived, 38% were euthanized, and 25% died. The control group consisted of
151 dogs. Of the dogs with 3 OSI (n=99), 42% survived, 35% were euthanized,
and 22% died. For dogs with 4 OSI (n=52), 15% survived, 60% were euthanized,
and 25% died.
Conclusions: Despite the low number of dogs treated, there was a trend for
be er survival with TPE, par cularly in dogs with 4 OSI (P=0.15). These results
jus fy further inves ga ons in this treatment modality for severe canine
leptospirosis and suggest important immune mechanisms in the pathogenesis of
the disease.
References
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DISTRIBUTION OF LEPTOSPIRA SPP. SEQUENCE TYPES IN SMALL MAMMAL
POPULATIONS IN GERMANY
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Schmidt S2, Reil D3, Rosenfeld UM2, Jacob J3, Nöckler K1 and Ulrich RG2
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Background: Rodents and other small mammals are the main reservoir for
Leptospira species. Specifically, the common vole has been implicated as
infec on source of field fever outbreaks among strawberry harvesters in
Germany. Here, a monitoring study of Leptospira spp. in small mammals in
Germany is presented.
Methods: Small mammals were trapped in spring, summer and autumn from
2010 to 2014 in forest and grassland habitats of four federal states. Pathogenic
Leptospira species were detected in kidney ssue samples and characterized
using molecular methods (lipl32‐PCR, sequence analysis of secY, and mul locus
sequence typing).
Results: Pathogenic Leptospira spp. were widely distributed in the federal states
examined. An overall prevalence of 13% was observed among 3,950 small
mammals. Leptospira kirschneri (63%, 4 STs), Leptospira interrogans (28%, 1 ST),
and Leptospira borgpetersenii (9%, 2 STs) could be iden fied in 279 lipl32‐PCR‐
posi ve samples as the infec ng species. Common and field voles showed the
highest prevalence of Leptospira spp. (30%) and were exclusively infected by
L. kirschneri. Similarly, striped field mice, wood mice and crowned shrews were
infected by only one leptospiral species, while two to three diﬀerent Leptospira
species were found in bank voles, common shrews, and yellow‐necked mice.
Leptospira spp. prevalence was highest in autumn and posi vely correlated with
body weight.
Conclusions: This comprehensive and systema c monitoring study revealed
mul ple host associa on and spa al distribu on pa erns of diﬀerent Leptospira
species and sequence types. Common and field voles seem to represent the
main reservoir of L. kirschneri and may play an important role as carriers for
human infec on.
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LABORATORY DIAGNOSIS OF LEPTOSPIRAL UVEITIS IN HORSES
Be na Wollanke1*, Hartmut Gerhards1, Julia Loibl1 and Siegfried Brem2
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Background: Recurrent uvei s due to chronic intraocular leptospiral infec on is
the most common one in Germany and other European countries. Usually,
diagnosis can be made by taking history and by careful clinical examina on, but
in some cases there are no typical ophthalmological findings. The most viable
diagnos c procedure in these cases is an aqueous humour analysis using MAT
and PCR. MAT with serum had been shown to be an inappropriate test here.
Because puncturing the anterior chamber is rela ve invasive, ELISA with serum
samples should be evaluated for diagnosing chronic intraocular leptospiral
infec on.
Methods: Serum from 44 horses with proven leptospiral uvei s and from 22
control horses have been tested using ELISA (IgA, IgG and IgM) for leptospiral
an bodies against serovars Grippotyphosa and Bra slava which are the most
common in Germany.
Results: Of horses suﬀering from leptospiral uvei s 55 % were e ELISA posi ve
for all three immunoglobulins, while no control horse was posi ve (Fisher´s
exact test, p < 0.001). Six horses with leptospiral uvei s had exclusively IgG
an bodies, while none of the control horses had only IgG‐an bodies in the
serum. This diﬀerence was highly significant (Mann‐Whitney‐Test, p < 0.001).
Conclusions: Analyzing serum samples by ELISA seem to be a useful preliminary
screening method for diagnosis of leptospiral uvei s. The big advantage would
be that this test could be performed without the need of a transport of the
horse to a clinic. Disadvantage is that there are only single laboratories oﬀering
an appropriate ELISA for horses.
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SHEDDING AND SEROPREVALENCE OF LEPTOSPIRA IN DAIRY CATTLE IN
NEW ZEALAND
*Yupiana Y, Vallee E, Weston J, Wilson PR, Collins‐Emerson J, Benschop J, and
Heuer C.
Ins tute of Veterinary, Animal and Biomedical Sciences

Background: Leptospira infec on in dairy ca le and leptospirosis in dairy farm
workers was common in New Zealand prior to introduc on of vaccina on in the
1980’s. A cross sec onal study was conducted from January – April 2016 to
inves gate the eﬃcacy of vaccina on programmes, and to re‐evaluate the
epidemiology of Leptospira infec on in dairy ca le, by determining sero‐status
to six serovars and the propor on of cows with pathogenic Leptospira spp. DNA
in urine.
Methods: Two hundred dairy farms were randomly selected from a popula on
database. Twenty paired blood and urine samples were collected from each of
200 farms from adult cows (n=4000). Sera were tested using the Microscopic
Agglu na on Test against serovars Hardjobovis, Pomona, Copenhageni, Ballum
and Tarassovi with a cut point of ≥48 being posi ve. Urine was tested using
quan ta ve real‐ me PCR (qPCR) that amplify gyrB gene.
Results: All but one herd had been vaccinated, most with a bivalent
Hardjobovis/Pomona vaccine, but some with a trivalent Hardjobovid/Pomona/
Copenhageni vaccine. In total, 2.4% of cows and 27% of farms were urine qPCR
posi ve. Overall 63% of cows were posi ve to one or more serovars, 44% for
Hardjobovis, 28 % for Pomona, 6% for Copenhageni, 3% for Ballum and 17% for
Tarassovi. Of the 94 posi ve cows, 51 were serologically posi ve to Tarassovi
which was the only serovar with a strong and posi ve associa on with urine‐
PCR results.
Conclusions: This paper demonstrated a high exposure to serovar Tarassovi
which is likely to cause urine shedding of Leptospira in dairy cows in New
Zealand.
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IMMUNITY AND VACCINE DEVELOPMENT IN LEPTOSPIROSIS
Ben Adler,
Monash University, Melbourne, Australia

Immunity to leptospirosis in most animal species is largely (but perhaps not
exclusively) humoral and mediated largely (but perhaps not exclusively) by
an bodies against leptospiral lipopolysaccharide (LPS). Evidence for this
includes the following:
 Immunity can be transferred passively by immune serum
 Protec on in general correlates with the level of agglu na ng an bodies
 Monoclonal an ‐LPS an bodies can protect hamsters and guinea pigs
 Immunisa on with LPS can elicit solid immunity
 Immunity following infec on is restricted to serovars with related LPS
One excep on appears to be vaccine‐induced immunity to serovar Hardjo in
ca le, where immunity seems to be independent of LPS and correlates with the
release of IFN γ by γδ CD4+ T cells. A major s mulator of IFNγ in vaccinated
ca le is the lipoprotein LipL32, but this may be due just to its high abundance.
The protec ve an gen(s) remain unknown.
Leptospiral vaccines licensed for use today do not diﬀer greatly from those first
used 100 years ago, consis ng of killed whole leptospiral cells. Immunity is
restricted to serovars serologically related by agglu na ng an gens, i.e. LPS. In
the post genomic era there have been dozens of claims of protec on mediated
by recombinant protein an gens. Most of these claims are invalid for one or
more of the following reasons:
 Experiments not repeated or not reproducible
 Use of inadequate challenge doses
 Use of inappropriate sta s cs
 Use of inadequate numbers of animals
 Inappropriate pooling of data from diﬀerent experiments
Currently the most promising recombinant vaccine an gen is LigA, especially for
serovar Copenhageni, but there are some drawbacks. Immunisa on with LigA
fails to s mulate protec ve homologous immunity against serovars Canicola
and Manilae.
Recently, cross‐protec ve immunity against several heterologous serovars has
been elicited by vaccina on with a live, a enuated LPS mutant of serovar
Manilae. The immunity is independent of LPS and appears to be mediated by
an bodies, but the an gen(s) involved have not been iden fied.
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ACTIVATION OF MACROPHAGES UPON LEPTOSPIRA EXPOSURE: ROLE OF THE
ANTI‐INFLAMMATORY CYTOKINE IL‐10
Julie Cagliero1*, Karl Huet1 and Mariko Matsui1
1

Ins tut Pasteur de Nouvelle Calédonie , * Indicates presen ng author

Background: Leptospirosis is an emerging neglected disease es mated to infect
more than a million people annually. Infec on by virulent Leptospira strains
leads to an inflammatory response involving pro‐ and an ‐inflammatory
cytokines among which is Interleukin‐10 (IL‐10), a mul potent an ‐inflammatory
cytokine (1). Previous studies highlighted the dual role of this molecule involved
in the a enua on of inflamma on as well as in bacterial persistence (2). Results
from an in vivo neutraliza on of IL‐10 also suggest a role for this cytokine in the
host resistance and bacterial clearance to leptospirosis (3, 4). The main objec ve
of this study was to decipher the func ons of IL‐10 in an in vitro Leptospira‐
dependent macrophage ac va on, including comparison between murine
(resistant) and human (suscep ble) macrophages.
Methods We have infected murine (RAW 264.7) and human (THP‐1)
macrophages with virulent leptospires (L. interrogans serovar
Icterohaemorrhagiae strain Verdun) versus an avirulent Verdun strain for
comparison. We used neutralizing an bodies against IL‐10, pro‐inflammatory
cytokines expression was analyzed at the transcrip onal level using RT‐qPCR
approaches and ac va on of macrophages is being characterized through the
analysis of cell surface co‐s mula on molecules using flow cytometry.
Results: So far, results show that the neutraliza on of IL‐10 in Leptospires
ac vated murine macrophages induces an increase in the expression of pro‐
inflammatory cytokines (IL‐1β, IL‐6, IL‐12, TNF‐α), sugges ng that blockade of IL‐
10 increases the inflammatory response.
Conclusion: Promising insights into the basic mechanisms of host defense and
inflamma on during leptospirosis will be discussed, as this study paves the way
for poten al applica on in treatment and vaccine development.
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INNATE IMMUNE RESPONSE TO LEPTOSPIRA INFECTION: UNDERSTANDING IS
THE KEY TO DEVELOPING IMPROVED VACCINES
Syed M. Faisal1*, Vivek P.Varma1, Ajay Kumar1 and Mohd Abdullah1
1
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Background: Leptospirosis is a zoono c and emerging infec ous disease of
global importance (Ko et. al. 2009). Leptospira disrupts Toll‐like receptor (TLR)
signaling by varying LPS or down‐regula ng surface proteins to evade host
immune response (Chassin et. al. 2009, Wang et. al. 2012). In the present work
we have tried to understand how Leptospira modulates the host innate immune
response via TLRs by exploi ng its surface proteins.
Methods: We cloned, expressed and purified some outer membrane proteins of
Leptospira viz. LipL32, LipL45, 21 kDa Leptospira surface adhesin (Lsa21)and
Leptospira immunoglobulin like proteins (LigA and LigB) and screened for their
ability to ac vate an innate response in vitro using mouse and human
macrophage cell lines. The ability of these proteins to s mulate these
macrophages for produc on of proinflammatory cytokines was tested and
signaling pathways were analyzed.
Results: Of various proteins, Lsa21, LigA and LigB showed strong TLR ac vity
leading to produc on of proinflammatory cytokines and expression of
cos mulatory molecules in mouse macrophages. This ac vity was dependent on
ac va on of MAP kinases (rapid phosphoryla on of p38, JNK) and ac va on of
transcrip on factor NF‐κB. Addi onally, neutralizing an bodies against TLR2 and
TLR4 significantly inhibited cytokine secre on induced by these proteins.
Furthermore, the cytokine levels were significantly lower in TLR2−/− and TLR4−/
− than in wild type mouse macrophages. Confocal microscopy and molecular
docking confirmed that these proteins interacted with TLR2 and TLR4.
Conclusion: Lsa21 and Lig proteins of Leptospira are potent TLR2 and TLR4
agonists that induce cytokine produc on, upregulates macrophage func on and
play an important role in evading the host innate immune response.
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LOA22 INTERACTED WITH TOLL‐LIKE RECEPTOR 2 THROUGH PEPTIDOGLYCAN
(PGN) IN PATHOGENIC LEPTOSPIRA
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Background: Leptospirosis is common zoono c disease caused by the
pathogenic Leptospira. Kidney is the major organ infected by Leptospira and
causes tubulointers al nephri s. In this study, we focused on the vital outer
membrane lipoprotein Loa22 from pathogenic Leptospira that triggered
inflamma on responses on the renal tubular cell (Ristow et al., 2007).
Methods: The recombinant Loa22 protein was first incubated with HK2 cell for
triggering inflammatory responses of host cells, including iL8, MCP‐1, TNF‐α.
These factors are downstream signals of the inflammatory responses through
TLR2 (Akira et al., 2001). In addi on, we used confocal microscopy to determine
the co‐locoliza on of Loa22 with the TLR2 receptors on the HK2 cell surface.
Two residues, D122 and R143, are proposed to be involved in PGN binding and
so were mutated to Ala by side‐directed mutagenesis.
Results: In the binding assay, the binding capacity of Loa22 and its rela ve
variants to PGN were changed indica ng that the two residues were involved in
PGN binding. The interac on of Loa22 and TLR2 was regulated by PGN indica ng
that PGN is involved in TLR2 interac on with Loa22. It is speculated that Loa22
interacted to PGN and triggered inflammatory responses through the
interac on to TLR2.
Conclusions: Loa22 binding to the TLR2 receptor is speculated through PGN
binding. Two important residues involved PGN binding are proved in this study.
The interac on between Loa22‐PGN‐TLR2 reveals a novel binding mechanism
for innate immunity system.
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LEPTOSPIRA INTERROGANS INFECTION LEADS TO IL‐1Β AND IL‐18 SECRETION
FROM HUMAN MACROPHAGES THROUGH AN NLRP3 INFLAMMASOME‐
DEPENDENT PATHWAY
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Background: Leptospirosis is a worldwide zoonosis caused by spirochetes from
the genus Leptospira. Although there is a large diversity of clinical signs and
symptoms, a severe inflammatory response is common to all leptospirosis
pa ents. Previous studies have focused on the components of L. interrogans
that cause proinflammatory cytokines to be produced, but the mechanism
leading to intense inflamma on remains poorly understood.
Methods: L. interrogans serogroup Icterohaemorrhagiae serovar Lai strain Lai
was used to infect the human monocy c cell line (THP‐1). Transmission electron
microscopy (TEM) and immunofluorescence were used to observe the
intracellular leptospires. NLRP3 mRNA and protein level were determined using
Flow cytometry. IL‐1β and IL‐18 release were measured by Enzyme‐linked
immunosorbent assay (ELISA).
Results: Increased mRNA and protein expression of Nod‐like receptor protein 3
(NLRP3) were observed at 1 hour a er co‐cul va on by real me RT‐PCR and
flow cytometry, respec vely. ELISA demonstrated IL‐1β and IL‐18 release in the
culture supernatants at 1 h a er cul va on. The inhibi on assay showed that
glybenclamide (an NLRP3 molecule inhibitor) and N‐benzyloxycarbony‐Val‐Ala‐
Asp(O‐methyl)‐fluoromethylketone (Z‐VAD‐FMK; a caspase‐1 inhibitor) and
NLRP3 siRNAs reduced the levels of IL‐1β and IL‐18 release. CA‐074 (a cathepsin
B inhibitor) and NAC (an an ‐oxidant) decreased the levels of IL‐1β and IL‐18
release in human macrophages that had been pre‐treated by exposure to L.
interrogans infec on.
Conclusions: This study suggests that L. interrogans infec on leads to reac ve
oxygen species (ROS) and cathepsin B‐dependent NLRP3 inflammasome
ac va on, which subsequently mediates caspase‐1 ac va on and IL‐1β and IL‐
18 release.
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APPLICATION OF AN IMMUNOMAGNETIC SEPARATION‐PCR ASSAY TO DETECT
PATHOGENIC LEPTOSPIRA IN CATTLE URINE SAMPLES
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Background: Since clinical presenta on of Leptospirosis is diverse and very
similar to other febrile diseases, early and accurate diagnosis is important.
However, the tradi onal diagnos c systems are imprecise. Therefore, the aim of
the present study was to evaluate an immuno‐magne c separa on (IMS)
capture technology coupled to qPCR for the detec on of pathogenic Leptospira
from bovine urine samples obtained under field condi ons.
Methods: The study popula on consisted of 803 dairy cows from 38 dairy herds.
The samples were pretreated using an immuno‐separa on system based on
three synthe c pep des from LipL32, conserved in pathogenic species, to
produce polyclonal an bodies to coat magne c beads used in the IMS. Urine
samples were processed with a standard qPCR protocol and the IMS‐qPCR
protocol.
Results: Overall, all samples posi ve with direct qPCR were also posi ve with
the IMS‐qPCR, and 16.6% were IMS‐qPCR posi ve, whereas only 11.5% showed
posi ve results when using direct qPCR (P < 0.05). Sta s cally significant
diﬀerences (P <0.05) were observed between the values that es mated
bacterial load between the IMS‐qPCR (4.69 log10) and the direct qPCR (1.49
log10). The IMS‐qPCR technology provided results with larger numbers of
posi ve results and higher bacterial load than the direct one. Most of these
explana ons are focused on the eﬀec veness of the IMS system defined by its
an gen binding capacity or capture eﬃciency.
Conclusions: The use of polyclonal an bodies produced by the inocula on of
three synthe c pep des, thickening the outer face of the LipL32 protein, was
able to provide a high detec on capacity to the IMS‐qPCR technique, superior to
the conven onal diagnos c techniques.
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ADIPOSE TISSUE IS THE FIRST COLONIZATION SITE OF LEPTOSPIRA
INTERROGANS IN SUBCUTANEOUSLY INFECTED HAMSTERS
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Background: Although our group has been mostly unraveled the mechanisms
underlying jaundice in leptospirosis (Miyahara et al. 2014), the pathophysiology
and distribu on of leptospires especially during the early stage of infec on are
not well understood. Therefore, we inves gated the hamster leptospirosis
model, which is the animal model of human Weil’s disease, by using IVIS (in vivo
imaging system) to observe the whole bodies of animals infected with L.
interrogans and to iden fy the dissemina on of the leptospires during the early
stage of infec on.
Methods: We infected hamsters (Golden Syrian, female, 8 week‐old) with 104
bioluminescent L. interrogans M1307 (Murray et al. 2010) subcutaneously.
Infected hamsters were analyzed with IVIS, and then their organs were cultured
and analyzed histologically.
Results: The results showed that the luminescence from the leptospires spread
through the hamster bodies sequen ally, and finally reached the central
abdomen, under which the liver, one of the target organs, exists. Addi onally,
the luminescence observed in the adipose ssue was the earliest detectable
compared with the other organs, indica ng that the leptospires colonized the
adipose ssue at the early stage of leptospirosis. Cultures for leptospires
became posi ve earlier in adipose ssue than the blood cultures. Microscopic
analysis revealed that the leptospires colonized the inner walls of the blood
vessels in the adipose ssue.
Conclusions: This is the first study to report that adipose ssue is an important
coloniza on site for leptospires, as demonstrated by microscopy and culture
analyses of adipose ssue in the hamster model of Weil’s disease (Ozuru et al.
2017).
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PRETREATMENT WITH LACTOBACILLUS PLANTARUM PREVENTS SEVERE
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Background: Recent es mates on global morbidity caused by Leptospirosis
point to one million cases and almost 60,000 deaths a year worldwide (Costa,
2015), especially in resource poor countries.
Methods: We analyzed how a commensal probio c, Lactobacillus plantarum,
aﬀects L.interrogans pathogenesis in a murine model of sub‐lethal leptospirosis.
Results: We found that repeated oral pretreatment of mice with live L.
plantarum restored body weight to normal levels in mice infected with L.
interrogans in comparison with PBS treated controls. Pretreatment did not
prevent L. interrogans access to the kidney but it aﬀected the inflammatory
response and it reduced histopathological signs of disease. Analysis of the
immune cell profiles in lymphoid ssues of mice pretreated with L. plantarum
showed increased numbers of B cells, naïve and memory CD4+ helper T cell
popula ons in uninfected mice that shi ed towards increased numbers of
eﬀector CD4+ helper T in infected mice. In addi on, pretreatment led to
increased popula ons of monocytes in lymphoid ssues of uninfected mice and
to increased popula ons of macrophages in the same ssues of infected mice.
Immunohistochemistry of kidney of pretreated infected mice showed an
enrichment of neutrophils and macrophages and a reduc on of total leucocytes
and T cells.
Conclusions: Our results suggest that complex myeloid and T cell responses
orchestrate the deployment of monocytes from lymphoid ssue and the
recruitment of neutrophils and macrophages to the kidney, and that, the
presence of these cells in kidney may be associated with reduc ons in
pathogenesis observed in infected mice treated with L. plantarum.
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INSIGHTS FROM 15 YEARS OF GENOME SEQUENCING IN LEPTOSPIRA
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Since the first complete Leptospira genome sequence was published in 2003(1),
it is now possible to sequence bacterial genomes in a few hours at reduced cost
(~60 euros to generate a Leptospira dra genome at Ins tut Pasteur, including
DNA extrac on, sequencing and assembly). To date, there are ~500 Leptospira
genome sequences available in the databases. In this presenta on, I will give
some insights that genome sequencing and compara ve genomics have
produced in the field.
The first complete genomes of the pathogens L. interrogans serovars Lai and
Copenhageni were sequenced by the Sanger method and publicly released in
2003 and 2004 (1, 2), followed by the strict pathogen L. borgpetersenii (3) and
the first saprophy c species, L. biflexa, in 2008 (4). With the advent of second‐
genera on sequencing technologies such as the Illumina‐based sequencing,
more and more dra bacterial genomes (incomplete genomes with mul ple
con gs) were published, without a significant loss of informa on. This has
enabled large‐scale compara ve analysis of genomes that can have several
applica ons.
The genome size of Leptospira strains ranges from 3.8 Mb to 4.6 Mb and their
GC content ranges from 35% to 45% which emphasizes the high variability of
the genus. The pan‐genome of Leptospira spp. is open (the number of new
genes is s ll increasing with the number of addi onally sequenced strains),
which shows again that the genus Leptospira is highly heterogeneous and
strains can be highly divergent, probably reflec ng its diﬀerent lifestyles and
mul ple reservoirs. Genome analysis suggest that (i) the ancestor of pathogenic
Leptospira strains is likely an environmental bacterium (4) and (ii) adapta on to
a specific reservoir might be the main driving force of Leptospira diversifica on
and evolu on (5).
Among the genomic features that are associated with virulence, we found that
prophage‐like regions (together with the presence of CRISPR/cas system which
is the system of defense of the bacteria against phages) are only present in the
infec ous species and not present in the non‐pathogenic species (6), sugges ng
that they played a major role in the evolu on of leptospires. Genome analysis
also shows that pathogenic Leptospira genomes contain a lot of redundancy,
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including large paralogous families such as genes encoding Leucine‐rich repeat‐
containing proteins, and repeated elements. In a recent study, we also
iden fied the non‐coding RNAs (sRNAs) in the pathogen L. interrogans (7). By
genomic comparison, we can iden fy single nucleo de polymorphism (SNP)
associated with virulence a enua on. For example, sequencing of spontaneous
non‐mo le mutants allowed the iden fica on of SNP in two flagellar genes that
are essen al for spirochete dissemina on (8, 9).
For many years, 16S rRNA sequencing and Pulsed Field Gel Electrophoresis
(PFGE) were used a the primary tools for species and serovar iden fica on,
respec vely. Mul Locus Sequence Typing (MLST) (10), and soon core genome
MLST (cgMLST), will replace current molecular typing methods for taxonomic
assignment. Genome sequencing can also be used in iden fying new species.
Thus, the pathogen L. mayo ensis was iden fied as a new species following NGS
and subsequent in silico analysis (genome‐to‐genome distances from dra
genomes) instead of the classical method of DNA‐DNA hybridiza on (11) which
is now obsolete. Instead of 22 Leptospira species, we can expect an accelera on
of the rate of discovery of new species; we have thus already iden fied more
than 16 new Leptospira species from environmental samples in Mayo e, Indian
Ocean and New Caledonia, Pacific Ocean. These findings show that the gene c
diversity within the Leptospira genus is much greater than we thought. With the
availability of an increasing number of genome sequences for all leptospiral
serovars, we can also expect to decipher the gene c basis for LPS an genic
diversity, thus enabling the development of molecular methods to iden fy
Leptospira strains at the serovar level.
More recently, single‐molecule real‐ me sequencing technology (SMRT), such
as PacBio, was introduced as a third‐genera on DNA sequencing technology
that can produce much longer reads than Illumina sequencing, allowing to
completely sequence a bacterial genome and iden fy some types of
methyla on sites along the genome as well. This technology has already been
used in Leptospira enabling the iden fica on of a new plasmid and diﬀeren al
DNA methyla on pa erns in low‐passage and high‐passage strains (12) which
suggests that epigene c gene regula on by DNA meth‐yla on may have a role
in the diﬀeren al expression of proteins. We sequenced 7 Leptospira isolates
from Mayo e, Indian Ocean, by PacBio sequencing. Large plasmid sequences
(ranging from 39 to 103‐kb in size) were iden fied from six closed PacBio
genomes, sugges ng that, in contrast to previous thought, plasmids are
common in Leptospira spp. and they can spread across species by horizontal
transfer.
In conclusion, the last decade has seen major advances in our understanding of
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Leptospira diversity and genome evolu on. In the near future, we should be
able to generate metagenomic data and dra genomes from environmental and
biological samples without the need for culture isola on. This will advance
many aspects of the leptospirosis field: diagnos c, epidemiology, and basic
knowledge including species diversity, ecology evolu on, and virulence. Future
genome studies should integrate the transcriptomic, proteomic, and when
available metabolic data together to gain a precise picture of the bacterium.
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Background: Leptospirosis is a zoono c disease with a global burden that has
increased due to growing poverty and heavily seasonal rainfalls. To date, the
whole genome sequences of hundreds of Leptospira spp. isolates collected
worldwide are available, together with online tools that permit assignment of
allelic profiles from Mul locus Sequence Typing (MLST) directly from raw
sequence data.
Methods: We have applied our reassessed 7 loci MLST (R7L‐MLST) scheme to
527 genome sequences and strain collec ons globally distributed. All the
pathogenic (N=10) and some intermediate species were typed using this MLST
scheme.
Results: Strains belonging to pathogenic species that were not studied
previously, such as L. alstonii and L. kmetyi, were typed by the R7L‐MLST
scheme. Eight strains belonging to the five intermediate species showed a
complete hit in the genome sequences for all loci. The correla on observed
between sequences types (STs) and serogroups in our previous work is s ll
sa sfied with this larger dataset. Bayesian phylogene c analysis of concatenated
sequences from R7‐MLST loci allowed us to resolve taxonomic inconsistencies.
We have showed that events such as recombina on, gene conversion and
duplica on or horizontal gene transfer played an important role in the evolu on
of the Leptospira genus.
Conclusions: Our results support the implementa on of MLST to assist
serological classifica on as a complementary approach. We applied this scheme
to generate readily available typing profiles and a deeper phylogene c
understanding of the Leptospira genus. All the data generated in this study is
available online in the pubMLST database (www.pubmlst.og/leptospira).
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PROTEOMIC PROFILE OF HUMAN LEPTOSPIROSIS PATIENTS
Fish‐Low CY1, Nordin SA1, Abdullah M1, Shah AM1, Taib NM1, Mohamed Z2, Yap
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Background: The confirma on of human leptospirosis diagnosis is challenging
due to the common clinical presenta ons in comparison to other closely
resemblance infec ous diseases. Current diagnos c tests based on detec on of
an gen and an bodies as well as PCR oﬀer some solu on for accurate diagnosis
(Picardeau et al., 2014). Proteomics has been suggested for use as a diagnos c
tool for infec ous diseases e.g. enterovirus 71 infec on (Wang et al., 2015),
Lyme disease (Godoy et al., 2010) and loiasis (Drame et al., 2016). This work
presents a preliminary plasma proteomic analysis of leptospirosis pa ents and
the poten al biomarkers that could be used in diagnosis.
Methods: Plasma samples were collected from subjects with confirmed
leptospirosis (severe and mild). Subjects from two control groups were age‐ and
gender‐ matched; those who presented with acute fever and have similar or
clinical presenta ons closely resembling those of leptospirosis subjects and,
from healthy individuals. The samples were analyzed using a shotgun
proteomics approach by liquid chromatography‐tandem mass spectrometry (LC‐
MS/MS) and quan fied by emPAI scores.
Results: An average of 200 proteins was iden fied for each subject. Among the
diﬀeren ally expressed proteins that were iden fied, lipopolysaccharide‐binding
protein (LBP) was prominent and its expression ranged from 5‐fold to 15‐fold
higher in leptospirosis pa ents compared to febrile control subjects. LBP was
not detected or was below the detectable limit among healthy individuals.
Conclusions: LBP could be considered as a poten al protein biomarker for
leptospirosis and is useful in diﬀeren a ng it from other closely resemblance
acute febrile illnesses especially dengue fever.
References
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diagnosis of leptospirosis: Current tools and emerging technologies. Diagnos c Microbiology and
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MODERN LEPTOSPIROSIS RESEARCH IN NEW ZEALAND
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Background: In 2016, leptospirosis genomics research took a huge leap forward
with two independent descrip ons of the Leptospira core and pan‐genomes1,2.
As the availability of whole genome sequences exponen ally grows, such data
oﬀer solu ons to many of the key challenges in modern leptospirosis research,
including; 1) improved molecular diagnos cs, 2) modified growth media for
improved isola on and culture and 3) iden fica on of the gene c determinants
of serological response. However, the analysis of such data is o en complex,
me consuming and has a large computa onal footprint.
Methods: We used an en rely R‐based computa onal method3 to analyse pan
and core‐genome composi on across the Leptospira genus. This method
exploits kmer‐based similarity measurements over bi‐direc onal BLAST
comparisons, thus achieving greatly increased analy cal speed whilst
simultaneously reducing the computa onal footprint required for analysis. We
assessed the performance of this method for analyzing Leptospira genomes, and
went on to characterise all known genomospecies of leptospirosis from New
Zealand.
Results: Compara ve analysis of all ~450 publicly available Leptospira genomes
was performed in less than 24 hours using a standard desktop computer.
Es mates of core‐ and pan‐genome size generated using this method were
consistent with the literature for Leptospira species, however, sequence
dissimilarity resulted in reduced genus‐level core‐genome size es mates.
Conclusions: The presented methodology provides a quick and eﬀec ve method
of performing mul ple genome comparisons with suﬃcient precision to address
many key leptospirosis research ques ons. Such addi ons to the suite of
available analysis tools for large datasets are of great importance, as they
increase the accessibility of complex analyses to the average researcher.
References
1 Xu, Y. et al. Whole genome sequencing revealed host adapta on‐focused genomic plas city of
pathogenic Leptospira. Sci Rep 6, 20020, doi:10.1038/srep20020 (2016).
2 Fouts, D. E. et al. What Makes a Bacterial Species Pathogenic?:Compara ve Genomic Analysis of
the Genus Leptospira. PLoS Negl Trop Dis 10, e0004403, doi:10.1371/journal.pntd.0004403 (2016).
3 Pedersen, T. L. Hierarchical sets: analyzing pangenome structure through scalable set
visualiza ons. Bioinforma cs 33, 1604‐1612, doi:10.1093/bioinforma cs/btx034 (2017).
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Background: Reservoir animals shed Leptospira in their urine, which may
contaminate water and soil. Humans acquire the infec on through contact with
these contaminated environments. Isola on of pathogenic Leptospira from
environmental soil have not been that successful mostly due to the presence of
various bacteria in soil. In this study, Leptospira was isolated from soil obtained
from Hokkaido, the northernmost island, to Okinawa, the southernmost island
Japan using sulfamethoxazole, trimethoprim, amphotericin B, fosfomycin, and 5‐
fluorourascil (STAFF).
Methods: Soil samples were inoculated into STAFF medium and were cultured
at 30˚C for 1 month. To determine the Leptospira species, DNA extracted from
isolates were subjected to PCR targe ng LipL32 and, 16S ribosomal DNA and its
sequencing analysis.
Results: Fi y out of 132 soil samples (37.9%) were culture‐posi ve. None of the
isolated Leptospira gave posi ve amplifica on in LipL32 PCR. Based on 16S‐rDNA
sequences, 12 were classified into pathogenic species clade and were closely
associated with L. alstonii and L. kmetyi. Nine isolates were classified into
intermediate pathogenic species, which were similar to L. licerasiae. Twenty‐
seven isolates were classified as non‐pathogenic species. Among them, 23
isolates were related to L. wolbachii.
Conclusion: Results of this study suggest that non‐pathogenic Leptospira are
commonly distributed in environmental soil. STAFF selec on medium is useful in
isola ng Leptospira from environmental specimens. However, non‐pathogenic
Leptospira grow faster than pathogenic ones. Unfortunately, we were not able
to isolate pathogenic Leptospira, such as L. interrogans, which are known to
cause leptospirosis
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Background: Leptospirosis is the most common zoono c disease worldwide.
Humans are infected directly through occupa onal, recrea onal or domes c
contact from urine of carrier animals or indirectly from contaminated water and
soil. It is caused by more than 250 serovars of pathogenic Leptospira spp. Un l
now, the pathogenesis of leptospirosis s ll remains poorly understood (Adler,
2011). Here, we describe whole genome sequences of six diﬀerent strains of
Leptospira interrogans (L. interrogans) from pa ents with diﬀeren al clinical
presenta ons.
Methods: Five clinical isolates were isolated from blood of five leptospirosis
pa ents admi ed to Hospital Klang, Malaysia from 1.1.2014 un l 31.12.2015
and one strain was purchased from Leptospirosis Reference Centre, Amsterdam.
Libraries for whole genome sequencing were prepared with the NEBNext®
Ultra™ DNA Library Prep Kit for Illumina® with 550bp as insert size following the
manufacturer’s instruc ons. Sequencing using the MiSeq Personal Sequencer
(Illumina Inc., San Diego, CA, USA) was done to 250 cycles in both direc ons.
DNA‐Seq reads were converted to FASTQ format and de novo assembled with
the VELVET tool. The resul ng con gs were annotated with the PROKKA
so ware tool for annota on of prokaryo c genomes. Serotyping was performed
on each strains and the results were compared to mul locus sequence typing
(MLST) data. Core‐genome mul locus sequence typing (cg‐MLST) was also
performed using Ridom SeqSphere for molecular typing.
Results: All six strains were iden fied to be L. interrogans of diﬀerent serovars.
Isolates 782 and 1489 were iden fied as poten al new serovar candidates. This
correlated well with results of molecular typing. The strains were categorized
based on observed clinical virulence and will be compared to virulence analyses
in animal models. Phage and CRISPR‐Cas systems of each strain showed
substan al diﬀerences with respect to virulence.
Conclusions: These data improve our understanding of new L. interrogans
genomospecies/serovar variants through compara ve genomic analyses with
published strains of L. interrogans. More compara ve genomic analysis of
complete sets of Leptospira spp. will further deepen our understanding of the
evolu on of virulence in leptospiral infec ons.
References
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LEPTOSPIRA INTERROGANS LIC12327 IS AN ADENYLATE CYCLASE INVOLVED IN
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Background: We recently screened Leptospira interrogans mutants for altered
in vivo fitness by transposon sequencing (Tn‐seq). We iden fied two mutants
with decreased fitness in which the transposon was inserted in the same
lic12327 gene but 244 nucleo des apart. We showed that the virulence of both
mutants was a enuated in hamsters (1). The lic12327 gene encodes a puta ve
adenylate cyclase that possesses the key lysine and aspartate residues that
discriminate adenylate‐ from guanylate cyclases.
Methods: We used a reporter system described by Ryu et al. (2) involving an E.
coli BL21 (DE3) cya crp double mutant that lacks genes encoding adenylate
cyclase, Cya, and cAMP receptor protein, CRP. The double mutant is
transformed with pRKcrp encoding the crp gene downstream of a lac promoter.
When an adenylate cyclase gene is introduced into the reporter strain, cAMP is
produced, and CRP ac vates chromosomal lacZ gene expression observed as
appearance of blue colonies on an agar plate containing IPTG and X‐gal.
Results: The lic12327 gene was cloned into pET‐23(+) and transformed into the
BL21 (DE3) cya crp reporter strain carrying pRKcrp. Transformants were
patched on or streaked across a selec ve LB agar plate supplemented with IPTG
and X‐gal. The expression of LIC12327 in the reporter strain resulted in a blue
color indica ng ac va on of lacZ transcrip on.
Conclusions: The lic12327 gene complemented the adenylate cyclase ac vity in
the E. coli mutant. These results establish LIC12327 as an adenylate cyclase and
show that cAMP‐dependent signaling may play an important role in L.
interrogans pathogenesis.
References
1. Lourdault K, Matsunaga J, Haake DA. High‐Throughput Parallel Sequencing to Measure Fitness of
Leptospira interrogans Transposon Inser on Mutants during Acute Infec on. PLoS Negl Trop Dis.
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Background: Peru is a subtropical country with a high incidence of Leptospirosis
(7 per 100 000 inhabitants). A total of 2239 Leptospirosis cases have been
no fied during 2016 – 2017 (Yon C. 2017). However, only 50 % of these cases
were confirmed. Besides, a lack of molecular knowledge about diversity of
circula ng strains makes the development of new diagnos c tools diﬃcult. The
present work proposes the use WGS‐MLST as a tool to give an overview of the
gene c diversity of Peruvian pathogenic Leptospira serovars.
Methods: A total of 91 isolates from the Peruvian Na onal Health Ins tute
strain collec on were cultured. Whole genome sequencing was performed using
the Illumina pla orm. Genome assembly and annota on was done using
a5MiSeq, and Prokka so ware. Phylogene c analysis was done using MEGA7
so ware. The MLST database was used to compare and assign Sequence Type
(ST) values.
Results: Compara ve analysis of leptospiral genomes shows a size of 4.45 Mb
with a core comprising 3483 proteins. L. interrogans, L. santarosai and L.
noguchi were the most frequent species. MLST iden fied L. santarosai and L.
interrogans as represen ng high numbers of the distributed serovars. Twenty six
STs were iden fied among the isolates. ST17 was predominant in the popula on
evaluated.
Conclusions: WGS‐MLST is a useful tool to characterize Leptospira at serovar
level. The MLST scheme was discrimina ve enough to assign the ST numbers to
most isolates. ST17 may have a greater propensity than other clones to cause
Leptospirosis in Peru. WGS‐MLST analysis showed a great diversity of STs in
Peruvian Leptospiral isolates.
References
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Background: Leptospira interrogans has been reported to induce apoptosis of
macrophages during infec on (Jin DD et al. 2009, Hu WL et al. 2013), but its
molecular basis remains unknown.
Methods: Outer membrane proteins and lipopolysaccharide were extracted
from L. interrogans strain Lai (Lep‐OMP and Lep‐LPS). Fas‐captured Lep‐OMP
was iden fied by LC‐MS/MS. Fas‐binding ability of Lep‐OMP was determined by
surface plasmon resonance (SPR) and isothermal tra on calorimetry (ITC). Lep‐
OMP‐ or Lep‐LPS‐induced mouse J774A.1 and human PMA‐diﬀeren ated THP‐1
macrophage apoptosis, caspase‐3/‐8 ac va on, TLR2/4‐dependent JNK/
p38MAPK/ERK phosphoryla on, C‐Jun/ATF2/CHOP transloca on, Fas/FasL
expression and transloca on were determined by flow cytometry, Western
Blo ng, confocal microscopy and qRT‐PCR.
Results: Lep‐OMP047, the product of leptospiral LB047 gene, is the unique Fas‐
captured Lep‐OMP. rLep‐OMP047 presented a powerful Fas‐binding ability with
the SPR and ITC KD values of 1.08×10‐6‐2.84×10‐9. 10 μg rLep‐OMP047 or 1 μg
Lep‐LPS caused 33.6% and 22.1% or 21.9% and 15.8% early‐apopto c ra os in
J774A.1 and THP‐1 macrophages, but Fas‐IgG and caspase‐8/‐3 inhibitors
blocked the Lep‐OMP047‐induced macrophage apoptosis while JNK/p38MAPK
inhibitors and TLR2‐deple on inhibited the Lep‐LPS‐induced apoptosis. Lep‐LPS
caused the TLR2‐dependent JNK/p38MAPK ac va on by phosphoryla on and C‐
Jun/ATF2 nuclear transloca on that involved in the Fas/FasL expression increase
and membrane transloca on.
Conclusions: The FasL‐like OMP and LPS of L. interrogans synergis cally induce
the apoptosis of mouse/human macrophages through Fas/FasL‐caspase‐8/‐3
pathway.
References
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Background: Leptospirosis is a zoono c disease caused by infec on with
pathogenic Leptospira spp. GroEL is a member of heat shock protein family
(HSPs). Previous studies have showed that the expression of bacterial HSPs is
upregulated during infec on and also during various stress s muli. However, the
role of HSPs in the leptospirosis pathogenicity is poorly understood. The aim of
this study was the func onal characteriza on of the GroEL protein of Leptospira
spp.
Methods: The coding sequence of GroEL was cloned into the expression vector
pAE. The recombinant 6xHis‐tagged GroEL was purified by nickel aﬃnity
chromatography. The purified protein was inoculated in mice to produce the
hyperimmune serum. A er the immunogenicity evalua on by ELISA, the
confirma on of the cellular localiza on and protein conserva on analysis were
performed by Western blo ng. The capacity of the protein GroEL to s mulate
the produc on of cytokines by macrophages (J774) was evaluated. The binding
assay with host proteins was performed by ELISA.
Results: The recombinant protein showed interac on with several host
components in a dose‐dependent manner. GroEL was found in cytoplasm and
out of the cell (secreted) and it was expressed by a variety of Leptospira spp.
Proinflammatory cytokines (TNF‐α and IL‐6) were produced when macrophages
cells were s mulated with the protein GroEL.
Conclusions: The protein GroEL is conserved in Leptospira spp., secreted out of
the cell, interacts with host proteins and can s mulate the produc on of
cytokines. These characteris cs indicate an important role of GroEL in the
pathogen‐host interac on as moonligh ng protein. Work was supported by
CNPq and FAPESP.
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Background: Pathogenic species of Leptospira are e ologic agents of
leptospirosis. Most of these species, mainly L. interrogans, have countless
specific genes encoding proteins with unknown func ons, sugges ng that
leptospires have unique virulence factors (Adler et al. 2011). Bacterial adhesins
are important exposed virulence factors and the iden fica on of conserved
adhesins in pathogenic Leptospira species from techniques such as shotgun
phage display, can reveal new strategies for leptospirosis treatment and
preven on.
Methods: Construc on of bacteriophage libraries for shotgun phage display
using fragmented genomic DNA of L. interrogans and pG8SAET phagemid vector.
Selec on of new possible adhesins was performed by biopanning of the libraries
in eukaryo c cells through BRASIL methodology (Giordano et al. 2001).
Results: The most successful biopanning was performed in Vero cells using the
library with the highest propor on of valid clones (called BBT2, with 3x107
primary clones), resul ng in eleven proteins fused to protein VIII and/or signal
pep de. In silico analysis revealed three hypothe cal proteins that would be
secreted or exposed by the bacteria, bearing a signal pep de or transmembrane
region in their structures. These proteins possess further characteris cs,
including presence only in pathogenic species and selec on by more than one
phage by biopanning; one of them is a hypothe cal lipoprotein.
Conclusion: The phage display technique has proved successful in iden fying
possible adhesins that may have a role in bacteria‐host interac on and infec on.
Recombinant por ons of these proteins are being currently expressed and
purified to be further analyzed for conserva on, binding domains and an genic
poten al. Work was supported by Fapesp, CNPq and Fundação Butantan.
References
Adler B, Lo M, Seemann T, Murray GL. Pathogenesis of leptospirosis: The influence of genomics.
Veterinary Microbiology. 153:73‐81, 2011.
Giordano RJ, Cardó‐Vila M, Lahdenranta J, Pasqualini R, Arap W. Biopanning and rapid analysis of
selec ve interac ve ligands. Nature medicine. 7(11):1249‐1253, 2001.

173

Notes

174

POSTERS

Huka water falls , Taupo , New Zealand

175

ID 84732—Group1—Session 1—Poster 01

RISK FACTORS ASSOCIATED WITH THE SEROPREVALENCE OF LEPTOSPIROSIS
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Introduc on: The epidemiologic status of leptospirosis in Tanzania has not been
well defined because of the low disease awareness and diﬃcul es in
undertaking diagnosis. The objec ves of the present study were to es mate the
Leptospira serovars an body prevalence in various occupa onal risk groups of
apparent healthy inhabitants in Tanga city, Tanzania. The overall purpose was to
collect baseline epidemiological data in order that appropriate disease control
interven ons can be recommended.
Methods: A cross‐sec onal seroprevalence study on leptospirosis, using the
microscopic agglu na on test (MAT), was conducted in various occupa onal
groups from Tanga city during November 2005. A tre of ³1:160 was taken as an
index of seroposi vity in this study. Ques onnaire and laboratory data were
handled and analysed using Epi‐info (version 6.04) (CDC, Atlanta, USA). The
diﬀerences in Leptospira serovars an body prevalences were compared across
the inves gated variables using the Mantel‐Haenszel chi‐square. A value of p <
0.05 was considered significant.
Results: The overall prevalence of Leptospira infec on among 199 persons
sampled was 15% (95% confidence interval [CI]: 10.4‐20.8). The prevalence of
an bodies to individual Leptospira interrogans serovar were 36.6% for
Icterohaemorrhagiae, 30% for Bataviae, 20% for Hardjo, 6.6% for Tarrassovi,
3.3% for Ballum and 3.3% for Pomona, respec vely. Amongst the occupa onal
groups examined, the livestock keepers, animal health workers and aba oir
workers were found to be most at risk with a prevalence rate of 19%, 18% and
17%, respec vely. Subjects repor ng keeping milking ca le were significantly
associated with increased sero‐posi vity to Leptospira infec on (Odd ra o [OR]
= 3.44; CI: 1.76‐6.75, P<0.001).
Conclusions: These findings indicate that a significant propor on of the
popula on of Tanga city is being exposed to pathogenic Leptospira. Public
health ac ons for leptospirosis control will need to target not only the
occupa onal groups at risk of infec on with severe forms of this disease, but
also the general popula on at large
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RISK FACTORS ASSOCIATED WITH LEPTOSPIROSIS AMONG RURAL RESIDENTS
IN SARAWAK, MALAYSIA
Lela Suut*, Mohamed Nur Azim Mazlan, Mohamad Taha Arif, Joseph Tau Ka p &
Haironi Yusoﬀ
Universi Malaysia Sarawak, Kota Samarahan, Sarawak, Malaysia

Background: Leptospirosis is an important zoono c disease worldwide and is
endemic in Malaysia. A popula on‐based seroprevalence study was conducted
to determine the risk factors for leptospirosis in Sibu, Sarikei and Kapit divisions
in Sarawak.
Methods: A cross sec onal survey was performed among the rural communi es
in Sibu, Sarikei and Kapit divisions in Sarawak. The survey was performed
between June 2011 and May 2013. Blood samples were collected from
voluntary respondents with their consent. Ethics approval for study was
obtained from the ins tu onal ethics commi ee. The sera were kept at ‐20°C
before analysis. A total of 508 sera were collected from residents and tested for
the presence of an ‐leptospiral an body using microscopic agglu na on test
(MAT) against 20 common pathogenic leptospiral serovars in Malaysia. MAT
tre of >1:100 is considered posi ve (Ganoza et.al 2010). Associated risk factors
were obtained using guided ques onnaire. Associa on between leptospirosis
seroprevalence and its risk factors were analysed using logis c regression
analysis. A p‐value < 0.05 was considered as sta s cally significant.
Results: A seroprevalence of 37.4% was detected among the residents. From
analyses, only the resident’s level of educa on appeared to be an independent
risk factor for predic ng leptospirosis posi vity (p<0.05) within the studied
community. Having secondary or higher educa on level (OR=0.24; 95% CI: 0.11,
0.53) conferred rela ve protec on against Leptospira infec on.
Conclusions: It is recommended that the awareness campaign against
leptospirosis is ac vely promoted within the community to increase their
awareness in managing the exis ng environmental risk of leptospirosis.
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PREVALENCE, TENACITY, AND CHARACTERIZATION OF VIRULENCE FACTORS OF
LEPTOSPIRA SPP. IN GERMANY
Emirhar D1, Bier NS1, Nöckler K1, Dreesman J2, Pfeﬀer M3, Ulrich RG4 and Mayer‐
Scholl A1
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Leptospira spp. can cause serious human disease and are transmi ed by rodents
as their main natural reservoir. In the interdisciplinary RoBoPub consor um,
Leptospira spp. will be inves gated together with hantaviruses to understand
the epidemiology as well as the mechanisms of their interac on with the
environment and the mammalian hosts in one comprehensive and synergis c
study.
The planned ac vi es of the federal ins tute for risk assessment in this joint
project will inves gate the prevalence and geographical distribu on of
pathogenic Leptospira spp. in rodent popula ons in Germany. Addi onally,
seroprevalence of human leptospirosis will be assessed in diﬀerent risk
popula ons. Furthermore, studies on the tenacity of Leptospira spp. under
diﬀerent environmental condi ons will be performed. Isola on of Leptospira
strains from human and rodent samples will be a empted. Next‐genera on
sequencing of new isolates should reveal virulence‐associated factors.
The inves ga ons will allow a be er understanding of leptospiral infec ons with
regard to the interac on of pathogen, reservoir, and environment and will
improve diagnos cs of Leptospira infec ons in reservoirs and humans in
Germany.
In the OneHealth approach of the RoBoPub consor um, the interdisciplinary
collabora on will generate novel insights into processes within rodent
popula ons and pathogen transmission within reservoir popula ons and to
humans that can be used to develop risk management strategies and health
recommenda ons to increase the awareness of medical prac oners and
reduce the infec on risk for the popula on.
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LEPTOSPIROSIS IN HUMAN GROUPS AT RISK IN URUGUAY.
Meny P1*, Menéndez C1, Ashfield N1, Ríos C2, Iglesias T1, Quintero J1, Olinisky M3,
Schelo o F1 and Varela G1.
1‐

Hygiene Ins tute, Universidad de la República (UdelaR), Uruguay 2‐ Veterinary Faculty, UdelaR. 3‐
Family and Community Medicine Department, UdelaR.

Background. Leptospirosis is not fully recognized by health system staﬀ in rural
workers or other human risk groups. It can yet lead to significant health damage,
with social and economic disturbance. We evaluated the associa on with animal
infec on and seroprevalence of specific an bodies in slum dwellers, waste
recyclers in contact with urban rats, rice workers, dairy farmers and
veterinarians.
Methods. Serum samples and wri en personal survey of risk factors were
obtained from 310 people. Canine and equine blood samples (50 and 22),
bovine urine and water samples were also taken from living or working
environments. Printed informa on and spoken interac ve educa on with
imaging support was provided to workers in 32 visits, for contribu ng to disease
preven on. Microscopic Agglu na on Test (MAT) was performed in all blood
serum samples. IgM indirect immunofluorescence (IFI)1 was done only in human
samples.
Results. A high frequency of previous contact with Leptospira was revealed:
(32.7% by IFI, 12.2% through MAT). Highest values were observed in slum
inhabitants and specially in dairy farm workers (46.1%); leptospirosis aﬀects
their labour performance and income. Most workers in all groups were exposed
to 2‐4 recognized risk factors. Seroprevalence of dogs was 22%, but in horses it
was unexpectedly high (82%), deserving further studies. Bovine urine cultures
yielded only one L. interrogans isolate from a dairy establishment with
confirmed cases of human leptospirosis. Water samples mainly contained non‐
pathogenic Leptospira2.
Conclusion. These results confirm an elevated infec on rate in human risk
groups, and suitable environmental condi ons for spread of pathogenic strains.
References
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inmunofluorescencia indirecta para la detección de an cuerpos po IgM (IF‐IgM) u lizado en el
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Trindade CNDR, Ramos TMV, Feble C, Avila E, Schelo o F, Varela G. Trabajadores rurales y ambiente
infectados con cepas diversas de Leptospira. (Infected rural workers and environmental
contamina on with diverse Leptospira strains). Na onal Bioscience Congress, Uruguay, 12‐14 may
2017.
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LEPTOSPIRA ISOLATES FROM RURAL WORKERS, ABATTOIRS AND INFECTED
BOVINE HERDS IN URUGUAY.
Meny P1*, Menéndez C1, Ashfield N1, Rios C1,Quintero J1, Schelo o F1, Varela G1,
Zarantonelli L2, Nieves C2, Buschiazzo A2, Suanes A3, Buroni F3,Salaberry
X3,Rivero R3, Briano C3, Dutra F3, FragaM4 and Riet‐Correa F4.
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Background. Bovine reservoir of Leptospira is a frequent source of human
infec on, annually aﬀec ng 12/100,000 persons, mainly young rural workers1,2,3.
Control of leptospirosis is a na onal health priority, and requires adequate
knowledge about spread of Leptospira variants among humans and animals, for
strengthening preven ve measures4.
Methods. We processed 302 blood cultures requested for diagnosis of pa ents
closely working with produc on animals. Posi ve LipL32 PCR cultures were
studied through MLVA (Mul ‐Locus Variable Number Tandem Repeat Analysis)5
and par al 16S sequencing. 36 water samples were taken from their living or
working environment. 272 kidneys were randomly taken from diﬀerent bovine
herds in aba oirs throughout the country; homogenized samples were cultured
in 10‐fold dilu ons of 5‐Fluorouracil‐EMJH and Fletcher media. Tissue 16S rDNA
PCR was employed for screening. Urine samples (371) were obtained in those
aba oirs and also in fields where human infec ons had been diagnosed by
Microscopic Agglu na on Technique in our laboratory; in‐situ and post‐filtra on
cultures were performed.
Results. Four L. interrogans and two L. kirschneri human isolates were
characterized. Seven bovine isolates (4 from urine samples and 3 from renal
ssue: 1% verified excre on) could be kept and belonged to L. interrogans (4), L.
noguchii (2) and L. borgpetersenii (1) species. They were obtained from animals
of diverse age, race and type of enterprise; human isolates mostly derived from
aged pa ents with severe infec ons. Environmental cultures yielded four L.
biflexa strains.
Conclusions. Successful iden fica on of these first na onal pathogenic
Leptospira cultures of human and animal origin encourages further
immunogenicity evalua on of isolates.
References
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(Montevideo). 2005; 40 (157): 5‐28. (Prevalence of main infec ous diseases aﬀec ng reproduc ve
performance of meat ca le and characteriza on of breeding se ngs of Uruguay).
3‐ Schelo o F, Hernández E, González S, Del Monte A, Ifrán S, Flores K, et al. A ten year follow up of
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LEPTOSPIRA SURVIVAL IN FRESHWATER MICROCOSMS
Bierque E1, Soupé‐Gilbert ME1, Geroult S1, Thibeaux R1 and Goarant C1*
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Ins tut Pasteur New Caledonia, Leptospirosis Unit, Noumea, New Caledonia

Background: Although environment‐mediated infec on is the most frequent
pathway for human leptospirosis, li le is known on factors that contribute to
survival of pathogenic Leptospira in watered environment. Here, we
inves gated pathogenic leptospires survival in freshwater using characterized
waters.
Method: Our experimental design used 3 pathogenic and one saprophy c
Leptospira strains seeded in 5 chemically‐characterized freshwaters and
incubated in the dark at 30°C. To ensure that water chemistry will be the main
driver eﬀect, waters were sterilized through 0.1µm filters contrarily to a former
study (Andre‐Fontaine et al., 2015). The number, morphology and viability of
leptospires were assessed using a combina on of light microscopy and
molecular techniques.
Results: Our results show diﬀerent survival rates depending on the strains, with
Leptospira borgpetersenii dying within 2 days of incuba on. Interes ngly, water
chemistry also impacted survival, with significant diﬀerences observed during
the first 30 days. Two water types allowed high survival rates for three strains,
two for Leptospira interrogans and one for Leptospira biflexa. These strains
remained viable and L. interrogans was s ll virulent a er 6 months. Microscopy
observa ons evidenced bacterial aggrega on for L. interrogans and L. biflexa
a er 60 and 2 days respec vely.
Conclusion: This study is a first step to iden fy water compounds that can
impact survival of leptospires. The presence of cell aggregates suggests ini al
step of biofilm forma on that may serve as long term survival strategy. These
results should be refined using miniaturized microcosms to inves gate in detail
specific compounds that allow or compromise the survival of pathogenic
Leptospira in environmental water.
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LEPTOSPIRA INTERROGANS SEROVAR BATAVIAE ST 50 DOMINATED THE RATS
TRAPPED IN RESIDENTIAL OUTBREAKS
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Background: Leptospirosis is a zoono c disease caused by pathogenic
spirochetes of genus Leptospira. The disease aﬀects prac cally all vertebrates
with ranging clinical manifesta on from mild infec on to fatal mul ple organ
failures. Virtually all mammals are suscep ble to leptospiral infec on; however,
rodents serve as the principal maintenance host. Humans are accidental hosts
who mostly acquire infec ons from environment contaminated with urine of
reservoir animals.
Method: In the present study, we trapped rodents from two residen al sites (12
km apart) which had leptospirosis outbreaks. One site had an outbreak in
December 2015, while the other in February 2017. Site 1 was home for orphans
and needy people, while site 2 served as homestay for visitors. In both sites,
sampling was carried out at least two mes at one month intervals within three
weeks of outbreak. The rodents were sacrificed; DNA extracted from kidney
subjected to lipL32 PCR and mul locus sequence typing.
Results: A total of 152 rodents were captured from both sampling sites
comprising 135 rats (100 Ra us novergicus and 31 R. ra us), 17 tree shrews
(Tupaia glis) and 4 house shrews (Suncus murinus). Based on lipL32 PCR there
were 23 pathogenic Leptospira (16 from R. novergicus, 4 from R. ra us, 1 from
S. murinus and 2 from T. glis). Majority of the strains belonged to L. interrogans
(n=20), while L. borgpetersenii (n=2; R. ra us and R. novergicus) and L. kirschneri
(n=1; R. novergicus). MLST performed for all 20 L. interrogans strains and the
genotype was iden fied as ST50 and serovar bataviae. L. borgpetersenii and L.
Kirschneri could not be amplified for all MLST primers. Repeated sampling in the
same sites all showed similar rodent types and Leptospira strain.
Conclusions: R. novergicus that carried L. interrogans serovar bataviae ST50
dominated the residen al outbreak study sites. Malaysia being a tropical
country, rodents are commonly present in the community; however good
hygiene could limit their entry to the residen al areas. Hence, it is
recommended to maintain a good hygiene and keep the environment clean to
protect humans from fatal leptospirosis.
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IMPROVING LEPTOSPIROSIS CASE DETECTION USING A COMBINATION OF
REAL TIME PCR, ELISA‐IGM AND MAT
Chinchilla M1*, Campos E1, Bolaños H1,
1*
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Background: Human leptospirosis is a widespread zoonosis. Lab‐diagnosis is
required to define the appropriate treatment, which is more eﬀec ve in the
ini al stages of disease. In Costa Rica the microagglu na on test (MAT) has
been used since 1996, with an overall posi vity of 15%. In 2016, ELISA‐IgM and
real me PCR (RT‐PCR) were introduced to increase detec on in the early
stages.
Methods: Samples from 1754 leptospirosis suspected pa ents were analyzed:
RT‐PCR1 in samples ≤6 days post‐onset of symptoms (DPO), ELISA‐IgM (Virion/
Serion) 1–15 DPO and MAT to all samples. Confirmed cases were defined as a
posi ve RT‐PCR, ELISA IgM or MAT ³1:320 in the 1st sample (acute stage), or by 4
‐fold seroconversion.
Results: 378/1754 (21.6%) pa ents had leptospirosis posi ve results: 15 (4%) by
RT‐PCR, 83 (22%) by MAT ³1:320 in 1st sample and 17 (5%) by seroconversion.
Fi y‐eight (15%) were simultaneously posi ve by ELISA and MAT in the 1st
sample. In 205 (54%) pa ents, ELISA‐IgM test was posi ve and MAT was
nega ve in the 1st sample. Forty‐seven paired samples were received for those
205 ELISA IgM(+)‐MAT(‐) pa ents, in 29 (14%) and in 18 (9%) pa ents, a posi ve
MAT and ELISA IgM results were obtained, respec vely. No false(+) ELISA‐IgM
results were detected when analyzing the paired samples. In 158, a 2nd sample
was not received.
Conclusions: An increase in leptospirosis detec on, from an historic 15%, to
21.6%, was achieved by using RT‐PCR, ELISA‐IgM and MAT depending on DPO.
Because of the absence of ELISA‐IgM false(+) in paired samples, we propose that
it could be used as a confirmatory test. Even more, we found second samples
MAT(‐) ELISA‐IgM(+), possibly because of limita ons in the reference cultures
used for MAT; therefore ELISA‐IgM could be useful for diagnosis in countries
with a high serovar circula on.
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LEPTOSPIROSIS CASE FINDING FOR DEVELOPMENT OF LEPTOSPIROSIS
SURVEILLANCE IN SEMARANG CITY, CENTRAL JAVA, INDONESIA
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Background: Leptospirosis is a primary disease of wild and domes c animals
(Bahaman, 2012), which could be transmi ed to humans through direct or
indirect contact with infected animal urine (Sarkar, et.al, 2002). Leptospirosis
has been reported endemic in some part of Indonesia (Widarso, et.al, 2008). The
aim of this study was to iden fy the burden of leptospirosis cases in Semarang
city through ac ve and passive case iden fica on.
Methods: Evidence of leptospirosis infec on was evaluated in cases iden fied
through community‐based ac ve case iden fica on and through passive case
iden fica on among pa ents who sought care at primary health care centers
and hospitals. Cases were collected from January through September, 2013.
Community‐based ac ve detec on was conducted by iden fying people who
reported acute fever and tes ng them using a rapid diagnos c test (RDT).
Whole blood of passively iden fied cases who came to the primary health
facili es was also collected. Samples were sent to the IVRCRD laboratory for
confirma on using both Microscopic Agglu na ons Test (MAT) and polymerase
chain reac on (PCR). Leptospirosis cases, whether suspect, probable or confirm,
were classified based on the guidelines provided by the Informal Expert
consulta on on Surveillance, Diagnosis and Risk Reduc on of Leptospirosis
Mee ng in Chennai, 17‐18 September 2009 (WHO, 2009).
Results: A total of 191 samples were collected from the febrile illness cases from
the community and from those who sought care at the primary health care
level. Among those samples, only 31 cases were confirmed by the laboratory
test, either RDT, MAT or PCR. It was found that leptospirosis incidence was not
correlated with rainfall season. Fever, headache, and myalgia were the most
common symptoms experienced by >90% of pa ents. The ac ve case finding
showed that 7% out of 31 cases were probable leptospirosis and 14% out of 31
cases were confirmed cases.
Conclusions: It was concluded that leptospirosis case finding is s ll challenging
in the endemic area, such as Semarang city. The applica on of criteria stated in
the expert mee ng in Chennai 2009 as a diagnos c tool may be used to iden fy
leptospirosis.
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DIAGNOSIS OF LEPTOSPIROSIS UTILIZING MODIFIED FAINE’S CRITERIA (2012)
IN RURAL HOSPITAL OF INDONESIA
Yosefin Ratnaningtyas1, Maela Rus ana Dewi2
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Background Leptospirosis is a zoono c disease that is s ll being overlooked and
underreported. Diagnos c tests for leptospirosis are expensive and also may
have limited availability, especially in rural areas. Clinicians need a clear and
locally appropriate diagnos c criteria for diagnosing leptospirosis. The objec ve
of this study was to evaluate the use of the Modified Faine’s Criteria (2012) for
leptospirosis pa ents in a rural hospital of Indonesia.
Methods All pa ents with Acute Undiﬀeren ated Fever were screened from
August 2016 to July 2017. Inclusion criteria: All cases presen ng with symptoms
of part A of the WHO Modified Faine's Criteria. Leptospirosis diagnosis was
established a er laboratory tests and results analyzed according to Modified
Faine’s Criteria (2012). Pa ent data were obtained from medical records form.
Blood samples were tested by leptospirosis lateral flow assay (Uji Leptospira
IgM, Indonesia). Seroposi ve results with a score of 26 or more when using Part
A or Part A+B of Modified Faine's Criteria were considered true posi ve
infec ons.
Results There were 38 cases (25.85%) of leptospirosis in this study out of 147
pa ents with Acute Undiﬀeren ated Fever, with a male‐to‐female ra o of 1.7:1
and mean age 52 ± 15.2 years. A total of 22 cases (57,89 %) were designated as
severe leptospirosis. Modified Faine’s Criteria (2012) had a sensi vity of
18.43%, specificity of 94.5%, posi ve predic ve value (PPV) of 53.85% and
nega ve predic ve value (NPV) of 76.87%.
Conclusions The use of leptospirosis diagnosis Modified Faine’s Criteria (2012)
makes it easier for clinicians to diagnose leptospirosis especially in rural areas,
based on clinical features, history of exposure, and laboratory outcomes.
Keywords leptospirosis, rural areas, Modified Faine’s Criteria
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KNOWLEDGE OF LEPTOSPIROSIS IN THE FARMING COMMUNITY IN
NORTHLAND
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Background: In New Zealand, farmers and farm workers are at par cular risk of
leptospirosis1. In 2016, there were 15 cases of leptospirosis in Northland, the
highest number in the region in the last 20 years2. Nine cases were due to
serovar Ballum. To be er understand the context in which these cases occurred,
a survey was conducted with the local farming community at the Dargaville Field
Days in March 2017.
Methods: A ten ques on survey was designed. Ques ons explored knowledge
of the disease, symptoms and transmission; knowledge of preven on measures;
knowledge of livestock vaccina on and understanding of rodent exposure.
Comments were analyzed qualita vely and themes created for analysis. For
those with a previous history of leptospirosis and had consented, a empts to
confirm clinical details were made via their medical prac ce, laboratory and via
EpiSurv, the na onal no fiable disease surveillance database.
Results: 124 surveys were analyzed. Knowledge gaps included type of disease,
symptoms and the importance of rodents in transmission. Knowledge of
livestock vaccina on was good with 88% of respondents aware that it is a key
risk‐reduc on strategy, however drivers of farmer’s decisions to vaccinate
livestock was mul factorial.
Conclusion: This study iden fied gaps in knowledge of leptospirosis in the
Northland Farming community that provides opportuni es to refine public
health messaging. Further research is required to be er understand the
Northland cases in 2016 and their exposure.
References:
Costa, F., Hagan, J. E., Calcagno, J., Kane, M., Torgerson, P., Mar nez‐Silveira, M. S., . . . Ko, A. I.
(2015). Global morbidity and mortality of leptospirosis: a systema c review. PLoS Negl Trop Dis, 9(9),
e0003898.
The Ins tute of Environmental Science and Research Ltd. (2016). No fiable diseases in New Zealand:
Annual Report 2015. (No. 1). Porirua, New Zealand: ESR.
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DEVELOPMENT OF AN ANTIGEN CAPTURE IMMUNOASSAY FOR RAPID
DIAGNOSIS OF ACUTE LEPTOSPIROSIS (DETECTION OF LEPTOSPIRA ANTIGENS
WITHIN PATIENT URINE SAMPLES; A BIOMARKER CANDIDATE)
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Background: Leptospirosis is a zoono c disease of par cular concern in
Southeast Asia that is caused by a wide variety of pathogenic Leptospira species,
most commonly Leptospira interrogans. As there are over 250 documented
serovars of Leptospira, both pathogenic and non‐pathogenic, consistent
detec on and diagnosis can be problema c. Clinical manifesta on is atypical,
o en misdiagnosed as other acute febrile illnesses. The late detec on and under
‐repor ng are common problems in leptospirosis. Rapid diagnos c test based on
IgM detec on has low to moderate sensi vity and specificity in the first week of
illness. Current methods of diagnosing leptospirosis such as the
microagglu na on test (MAT) and real‐ me PCR require extensive laboratory
equipment and trained personnel, meaning that diagnosis and treatment is not
always accessible to pa ents. Our goal is to construct a lateral flow
immunoassay for rapid and early detec on of Leptospira an gens in pa ent
blood and urine at point of care.
Methods: We will employ a strategy, termed In Vivo Microbial An gen Discovery
(InMAD) to iden fy shed bacterial an gens during infec on. This technique
involves immunizing mice with filtered pa ent samples. Prior to immuniza on,
it is important to ensure that selected samples are posi ve for Leptospira
infec on. Real‐ me PCR and conven onal PCR using LipL32, a biomarker of
pathogenic leptospira has been performed, followed by DNA sequencing to
confirm those samples.
Results: We determined that all urine samples contain Leptospira an gens and
can be used for the InMAD studies. In addi on, mice have also been immunized
with recombinant LipL32 that we believe may be a good target an gen for
diagnosis. Serum from these mice are reac ve to mul ple pathogenic
Leptospira strains. We hope to use these mice to produce monoclonal
an bodies for use in the lateral flow assay to produce a rapid and early
diagnos c test for Leptospirosis.
Key words: Leptospirosis, InMAD, An gen capture immunoassay, rapid diagnosis, LipL32.
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UNDIFFERENTIATED FEBRILE PATIENTS IN A LEPTOSPIROSIS ENDEMIC SETTING
Janith Warnasekara1*, Suneth Agampodi1
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of Sri Lanka; [*Presen ng Author‐Janith Warnasekara]

Background: Undiﬀeren ated fevers(UF) could be ranged from mild self‐
resolving fever to serious illnesses.(Abhilash et al., 2016) In Sri Lanka, a
considerable number of UF pa ents ends up having the diagnosis of
leptospirosis.(Agampodi et al., 2015) The objec ves of this study were to
determine the factors aﬀec ng delayed presenta on to health system and to
compare the use of doxycycline chemoprophylaxis among leptospirosis pa ents
and other febrile illnesses.(Guidugli, Castro and Atallah, 2000)
Methods: One year follow up study conducted among undiﬀeren ated acute
febrile pa ents presented to Teaching Hospital Anuradhapura from 2016 April
to 2017 March. Lateral flow immune assay(LIFA) rapid kit for leptospirosis IgM
and IgG an bodies was performed and posi ve IgM is classified as defini ve
diagnosis of Leptospirosis.
Results: 441 UF pa ents were recruited. Median dura on of fever before
presen ng to hospital was 4 days (IQR 2‐6 days). 144(32.6%) pa ents engaged in
occupa ons labeled as having high risk of ge ng leptospirosis (HRGL). LIFA was
performed among 309(70.06%) pa ents and 80(25.8%) were IgM posi ve and
229(74.2%) were IgM nega ve. Of the 144 pa ents engaged in occupa ons with
HRGL, 49(34.02%) were IgM posi ve compared to 22(19.2%) among 114
pa ents who engaged in low risk occupa ons (chi‐square=6.921, p=0.009).
Educa on level is significantly associated with early presenta on(p=0.03). Five
(6.25%) out of 80 leptospirosis pa ents and 19(8.29%) out of 229 leptospirosis
nega ve pa ents have taken prophylac c doxycycline (chi square=1.811, p=0.4)
prior to febrile illness.
Conclusions: Health educa on targe ng high risk occupa onal categories and
people with poor educa on is required. Even though doxycycline is used as a
prophylaxis of leptospirosis for nearly 10 years in Sri Lanka, our data is not in
favor for this strategy.
References : Abhilash, K. P., Jeevan, J., Mitra, S., Paul, N., Murugan, T., Rangaraj, A., David, S.,
Hansdak, S., Prakash, J. J., Abraham, A., Ramasami, P., Sathyendra, S., Sudarsanam, T. and Varghese,
G. (2016) ‘Acute undiﬀeren ated febrile illness in pa ents presen ng to a Ter ary Care Hospital in
South India: clinical spectrum and outcome’, Journal of Global Infec ous Diseases, 8(4), p. 147. doi:
10.4103/0974‐777X.192966.
Agampodi, S. B., Nugegoda, D. B., Thevanesam, V. and Vinetz, J. M. (2015) ‘Characteris cs of rural
leptospirosis pa ents admi ed to referral hospitals during the 2008 leptospirosis outbreak in Sri
Lanka: implica ons for developing public health control measures.’, The American journal of tropical
medicine and hygiene, 92(1), pp. 139–44. doi: 10.4269/ajtmh.14‐0465.
Guidugli, F., Castro, A. A. and Atallah, A. N. (2000) ‘An bio cs for preven ng leptospirosis.’, The
Cochrane database of systema c reviews, (4), p. CD001305. doi: 10.1002/14651858.CD001305.
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SUPPORTING GLOBAL LEPTOSPIROSIS RESEARCH THROUGH A REGIONAL
LITERATURE REVIEW OF SEROVAR ISOLATES IN NEW ZEALAND
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Background: Leptospirosis is an important disease globally and in New Zealand
it dispropor onately burdens rural popula ons and Māori. New Zealand has two
known Leptospira species (L. borgpetersenii and L.interrogans) and six known
serovars (Ballum, Hardjobovis, Pomona, Copenhageni, Balcanica, Tarassovi.) As
part of a Global Leptospirosis Environmental Ac on Network project, we
determined which serovars had been isolated and mapped their regional
occurrence in New Zealand. Our work contributes to a future global map that
could inform diagnos c panels and choice of appropriate serovars for human
and animal vaccina on in high‐risk areas.
Methods: Electronic databases were the primary source of informa on. The
databases used were PubMed, Massey Discover and Google Scholar. The search
terms used were; ‘Leptospira’, ‘New Zealand’, ‘isolates’ and ‘culture’.
Laboratory documents were also hand searched. Only ar cles that obtained
cultures of the bacterium were included in this study.
Results: Thirty‐six Leptospira isolates belonging to serovars Hardjo, Pomona,
Ballum, Copenhageni, Balcanica and Tarossovi were found. Twenty‐two of these
isolates were unable to be mapped, as the data collected did not specify to a
regional level. Thirteen of the 14 isolates that were region specified were from
the central North Island; in par cular, Manuwatu and Waikato.
Conclusions: Although Leptospira is prevalent there is limited data on isolates as
the bacterium itself is diﬃcult to culture and isolate. The available data shows a
regional sampling bias around the central North Island, as a majority of the
research is undertaken at Massey University. Obtaining more isolates is crucial
in understanding the epidemiology and developing preven on plans for human
and animal health.
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A ROADMAP FOR LEPTOSPIROSIS RESEARCH AND HEALTH POLICIES BASED ON
COUNTRY NEEDS IN LATIN AMERICA.
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Background: Leptospirosis, a zoono c disease of epidemic poten al, could be
considered a neglected zoono c disease but it is not listed as such (Schneider at
all, 2013; Schneider at all, 2015 and Petrakovsky at all, 2014). There are
significant knowledge gaps hindering surveillance, preven on and control
programs. Leptospirosis was not targeted by WHO as a “tool ready” disease for
the na onal and global public health ini a ves due to the lack of easy and
eﬀec ve tools for interven ons including diagnos c tests, drugs for safe
treatment and vaccines.
Methods: A roadmap was drawn as a consensus document to be considered by
researchers, policy‐makers and funding bodies. The development of the
roadmap was based on leptospirosis data from La n America (LA) collected by
PAHO/WHO and outcomes from a policy‐oriented workshop with par cipa ng
LA countries, which served to iden fy the country needs. The state‐of‐the‐art by
selected topics, current knowledge gaps and perspec ves were evaluated. The
opera onal concepts of One Health and Transla onal Research were
founda ons for the discussions and recommenda ons.
Results: All available informa on and recommenda ons were arranged
according to the following topics: predic on, detec on, preven on, response as
well as the fundamental knowledge gaps and challenges for research. A table
summarizing the roadmap is presented.
Conclusions: Leptospirosis surveillance programs in LA are not equipped with
the appropriated tools for predic on, early detec on, response and preven on,
despite of wide geographic distribu on and impact of incidence, morbidity and
fatali es. Recommenda ons should be addressed to diﬀerent levels of health
policies and supported by scien fic developments. The One Health approach
should be considered for further developments and for preven on and control
ini a ves.
References:
1.Schneider MC, Jancloes M, Buss DF, Aldighieri S, Bertherat E, Najera P, et al. Leptospirosis: A Silent
Epidemic
Disease. Interna onal Journal of Environmental Research and Public Health. 2013;10
(12):7229‐34.
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GM,Muñoz‐Zanzi C, Corbellini LG, Leone M, Buss DF, Aldighieri S, Espinal, MA. Leptospirosis in Rio
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GLOBAL STABILITY ANALYSIS AND CONTROL OF LEPTOSPIROSIS
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Background: Leptospirosis is caused by numerous dis nct serovars of a spiral‐
shaped bacterium known as Leptospira interrogans and it is a disease of animals
and humans (Thomson, 1999). The aim of this paper is to inves gate the
eﬀec veness and cost‐eﬀec veness of leptospirosis control measures,
preven ve vaccina on and treatment of infected humans that may curtail the
disease transmission. For this, a mathema cal model for the transmission
dynamics of the disease that includes preven ve, vaccina on, treatment of
infec ve vectors and humans control measures is considered.
Methods There have been applica ons of op mal control methods to
epidemiological models, but most of these studies did not study and analyse the
dynamics of leptospirosis. Recently, the authors in Zaman et al (2012) studied
the dynamical interac ons between leptospirosis infected vector and human
popula on, while Khan et al. (2012) considered a leptospirosis epidemic model
to implement op mal campaign using mul ple control variables. However, none
of these studies carried out cost‐eﬀec veness analysis of the control strategies
so an extension of the SIR Leptospirosis model presented by Zaman et al. (2012)
was used here.
Results: Our results revealed that the most cost‐eﬀec ve strategy for the
control of leptospirosis is the combina on of the vaccina on and treatment of
infected livestock. Even though the combina ons of all control measures is also
eﬀec ve, such a strategy is not cost‐eﬀec ve due to its high cost.
Conclusions: According to our model, the most cost‐eﬀec ve control op on is
the combina on of vaccina on and treatment of vectors.
References
Thomson J., Lin M., Halliday L., et al., Australia’s no fiable diseases status 1998, Annual report of the
Na onal No fiable Diseases Surveillance System., 1999, 23, 11
Zaman G., Khan M.A., Islam S., Chohan M.I., Jung I.H., Modeling dynamical interac ons between
leptospirosis infected vector and human popula on, Applied Mathema cal Sciences., 2012, 6(26),
1287 ‐ 1302
Khan M.A., Zaman G., Islam S., Chohan M.I., Op mal campaign in leptospirosis epidemic by mul ple
control variables, Applied Mathema cs., 2012, 3, 1655 ‐ 1663
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LEPTOSPIRA SPECIES INFECTION IN DOGS IN THAILAND
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Background: Leptospirosis is a widespread zoono c diseases and has been
recognized as a re‐emerging infec ous disease in humans and dogs (Langston
and Heuter, 2003), but the shedding prevalence in dogs in Thailand is unknown.
The aim of this study was to determine urinary shedding of leptospires in dogs in
Thailand, to evaluate Leptospira an body prevalence and to obtain a
Microscopic‐Agglu na on‐Test (MAT) profile of the an body‐posi ve dogs.
Methods: In Northern, Northeastern, and Central Thailand, 273 stray and client‐
owned dogs were randomly included in this prospec ve study. Dogs that had
received an bio cs within 4 weeks prior to sampling were excluded. No dog had
received vaccina on against Leptospira species. Urine was evaluated by real‐
me polymerase chain reac on (PCR) specific for the lipL32 gene of pathogenic
Leptospira species. Urine was also cultured for 6 months in Ellinghausen‐
McCullough‐Johnson‐Harris medium to grow Leptospira species. An body ters
against 24 serovars (Australis, Bra slava, Autumnalis, Rachma , Ballum,
Bataviae, Paidjan, Broomi, Canicola, Anhoa, Celledoni, Cynopteri, Djasiman,
Grippotyphosa, Copenhageni, Icterohaemorrhagiae, Coxi, Khorat, Pomona,
Pyrogenes, Haemoly ca, Saxkoebing, Sejroe, Patoc) belonging to 16 serogroups
were determined by MAT.
Results: Twelve of the 273 urine samples were PCR‐posi ve, resul ng in a
urinary shedding prevalence of 4.4% (95% confidence interval: 2.0‐6.8%). In
1/12 PCR‐posi ve dogs, leptospires could be cultured from urine. MAT detected
an bodies in 33/273 dogs (12.1%; 95% confidence interval: 8.2‐16.0%).
Conclusions: Leptospira species shedding occurs in dogs taken at random in
Thailand, with infec on rates comparable to those of USA and Europe, and thus,
vaccina on to prevent shedding should be more promoted.
References
Langston CE, Heuter KJ (2003): Leptospirosis. A re‐emerging zoono c disease. Vet Clin North Am
Small Anim Pract 33: 791‐807.
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SEROPREVALENCE AND RISK FACTOR ANALYSIS OF HUMAN LEPTOSPIROSIS IN
DISTINCT CLIMATIC REGIONS OF PAKISTAN.
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Background: Leptospirosis is a worldwide emerging infec ous disease of
zoono c importance and large epidemics and epizoo cs have been reported all
over the globe. A cross sec onal survey was conducted to es mate
seroprevalence of human leptospirosis in clima cally dis nct regions of Pakistan
and to iden fy risk factors associated with the disease.
Methods: Blood samples from 360 humans were collected through convenient
sampling, 120 from each of three study areas. Major sampling sites were district
headquarter hospitals and residents around water bodies. Serological tes ng
was performed using ELISA (LEPTOSPIRA IgG, Kit MBS036135, Mybiosource Inc.
San Diego CA, USA). Age, gender, marital and educa onal status, area of
residence, occupa on, exposure to animals, water recrea onal ac vi es, usage
of PPE, rodent control program and history of cut or wound were inquired by
ques onnaire based interviews.
Results: The results showed an overall prevalence of 40.83% (95% CI; 35.71‐
46.11). Sta s cal analysis showed significant (P<0.05) diﬀerences in leptospiral
seroprevalence between the three geographic loca ons, being highest in a
humid sub‐tropical clima c region (50.83%; 95% CI; 41.55‐60.07), followed by a
semi‐arid region (44.16%; 95% CI; 35.11‐53.52) and lowest in a hot and dry
region (27.50%; 95% CI; 19.75‐36.40). Mul variable analysis revealed that age,
gender, exposure to flooding water, source of water usage, disinfec on
measures of surroundings and history of cuts or wounds were significantly
associated with the seroposi vity of Leptospira.
Conclusions: The present study is the first to evaluate the seroprevalence of
human pathogenic Leptospira in diﬀerent clima c regions of Pakistan. It
highlighted the eﬀect of climate and its changing pa erns on prevalence of
Leptospira in the region.
References
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2016.
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ESTIMATION OF THE ASSOCIATION BETWEEN OUTDOOR RAT INFESTATION
AND HUMAN LEPTOSPIROSIS USING BAYESIAN MULTILEVEL MODELING
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Background: The high incidence of Leptospirosis in the Philippines underscores
the importance of risk factor iden fica on to improve preven on and control
strategies. Consequently, this study aimed to determine the associa on
between outdoor rat infesta on and human leptospirosis.
Methods: The data u lized in this analysis came from the Leptospirosis Burden
of Disease Study conducted in Metro Manila, Philippines. This cross‐sec onal
survey employed a 4‐stage systema c cluster sampling method. Face‐to‐face
interviews with residents were performed to determine the presence of
outdoor rat infesta on. Leptospira IgG ELISA an body tes ng was used to
determine Leptospirosis seroprevalence among the interviewed residents.
Principal component analysis was performed to derive indices for outdoor rat
infesta on. Bayesian mul level logis c regression was used to compute the
point and 90% credible interval es mates of the associa on between rat
infesta on and leptospirosis.
Results: 1,136 respondents represen ng a total of 413 households were
included in this analysis. When PCA was conducted, one of the two principal
components retained was proximity to sewer and trash. Using the median score
as cut‐oﬀ, 25.91% (107 out of 413) of the households were defined as being
exposed to a sewer and/or trash. Leptospirosis seroprevalence among Metro
Manila residents was es mated to be 26.14% (90% CI: 24.00%, 28.29%). Using a
Bayesian random‐intercept model with non‐informa ve priors, the associa on
of proximity to sewer and trash with leptospirosis seroprevalence had an odds
ra o of 1.18 (90% CrI: 0.74, 1.91).
Conclusions: Leptospira seroprevalence of Metro Manila residents was not
significantly associated with the proximity to sewer and trash.
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Background: Leptospirosis it´s the most common zoonosis around the world,
and Ecuador is one of 28 countries with the highest incidence of leptospirosis
(Pappas et al, 2007). This work aims to describe the epidemiology of
leptospirosis in the most endemic zone in Ecuador, Manabí Province.
Methods: The informa on was collected from 755 clinical epidemiological
bulle ns provided by the Ministry of Public Health of Ecuador, from Manabí
province, derived from pa ents with clinical signs of leptospirosis confirmed
with ELISA IgM during the years 2011 and 2012, and Three methods of analysis
were applied, a nega ve binomial regression (GLM) with environmental
variables like humidity, precipita on, temperature, a Poisson model to detect
spa al clusters, and a descrip on of disease associated direct and indirect costs.
Results: The environmental variables were not associated with the reported
cases. The spa al model detected three high‐risk areas the highest of which was
founded in the capital of Manabi Province. The total es mated costs were
US$418,180 . The most substan al cost factor was the loss of human labour
me.
Conclusion: The leptospirosis incidence may be related to a number of factors,
but environmental variables like humidity, rain and temperature were
apparently not involved. Other environmental variables may be considered such
as ecological zone, soil type, soil drainage that may all be related to the biology
of Leptospira. Most cases were located in the urban zone. Morbidity associated
cost mainly depended on the me oﬀ‐work.
References
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Background: Leptospirosis is highly endemic in Sri Lanka with an annual
incidence of >20/100,000 popula on. Diagnosis of leptospirosis by single
microscopic agglu na on test (MAT) is diﬃcult due to uncertain es of the cut‐
oﬀ tre. The magnitude of such a tre will depend on the background
prevalence of exposure in the popula on.
This study was carried out to determine the op mal cut‐oﬀ tre in single acute
specimen in early‐illness of leptospirosis.
Methods: A total of 297 serum samples were collected from healthy blood
donors and confirmed‐leptospirosis pa ents from Western Province. They were
obtained within 5‐7days of clinical symptoms. MAT was performed with live
an gens of 12 leptospira serovars. ≥1:320 were taken as the cut‐oﬀ tre. The
Receiver opera ng characteris c (ROC) curve was used for the analysis.
Results: The seroprevelance of the study popula on was 63.95% corresponds to
high endemicity. The ROC curves were significant for serogroups Tarrassovi and
Semaranga with an area under the curve (AUC) 0.982 and 0.934 respec vely
(p=0.000). The other serogroups did not show sta s cally significant result.
(AUC between 0.42‐0.653)
The ROC analysis revealed 1:320 as the cut‐oﬀ tre for Tarrassovi with 90%
sensi vity and 99% specificity. At 1:320 Semaranga showed 40.4% sensi vity
with 100% specificity and with its op mal cut‐oﬀ of 1:160, 47.5% sensi vity and
100% specificity.
Conclusion: Significant endemicity was observed for serogroups Tarrassovi and
Semaranga and other serogroups were unusable individually for the 1st week of
illness. The op mal cut‐oﬀ tre should be ≥1:320 in single acute specimen for
high endemic areas.
References
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CLINICAL AND LABORATORY FEATURES ASSOCIATED WITH DEATH IN SEVERE
CASES OF LEPTOSPIROSIS IN MALAYSIA
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Background: Leptospirosis is an important zoono c disease which is increasingly
reported in Malaysia. The clinical spectrum of disease may be mild in majority of
cases; however severe cases can lead to significant number of case fatali es.
This study was conducted to determine the significant clinical and laboratory
features associated with risk of death amongst infected pa ents admi ed to
major ter ary hospitals in Malaysia.
Methods: The demographic, clinical and laboratory records of pa ents
confirmed to have leptospirosis were retrospec vely analysed. The various
variables between pa ents who died (170, 43.37%) and those who survived
(222, 56.63%) were compared. Sta s cally significant variables were entered
into mul variate regression analysis.
Results: The mean age of the fatal cases were significantly older than those who
survived (45 ± 20.05 vs 38.5 ± 18.7 years respec vely, p=0.04). Female case‐
pa ents were significantly older than male case‐pa ents (mean 48.6 ± 17.9. and
37 ± 18.8 years, respec vely; p = 0.01).
Of the variables tested for poor outcome (death), the following were sta s cally
significant: haemoptysis (OR=2.44, 95% CI = 2.02‐4.66, p=0.002), anaemia
(OR=3.80, 95% CI = 2.49‐5.79, p<0.01, raised total white cell count 3.07, 95% CI =
2.25‐43.03, p= p<0.01) and hyperbilirubinaemia (OR=2.85, 95% CI = 1.87‐4.33,
p<0.01).
Conclusions: Iden fica on of features that are significantly present in pa ents
who had severe infec ons and died are important to guide in future triaging of
suspected and confirmed leptospirosis cases. Intensive care and early
interven on should be provided for pa ents who present with these features.
This may contribute to be er clinical outcomes of leptospirosis and reduced
case fatali es.
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ANTIMICROBIAL SUSCEPTIBILITY OF LEPTOSPIRA INTERROGANS FROM
CLINICAL ISOLATES IN SRI LANKA
Karunanayake L.,1*, Rajapaksha RRN.1, Perera KCR.1, Fernando N2, Niloofa R.2,
Handunne S.2, Premawansa S.3, Rajapaksha S4.
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Background: Human leptospirosis is a zoono c disease with high case fatality in
Sri Lanka. For leptospirosis penicillin has been the ‘drug of choice’ and
alterna vely, cefotaxime and ce riaxone are used due to the convenience and
safer adverse eﬀect profile. The purpose of this study is to determine the
an microbial suscep bili es of Leptospira interrogans in Sri Lankan isolates.
Method: Between 2012 and 2014, thirteen leptospira isolates from blood of
leptospirosis pa ents were tested against five an bio cs by the microdilu on
method. Serial 2‐fold dilu ons of an bio cs with final concentra on range from
25.0 – 0.006 µg/mL (penicillin, U/mL) were performed in duplicate. Seven‐day‐
old leptospira cultures in EMJH were used as the inoculum. AlamarBlue was
added on day‐3 and results were read on day‐5 of incuba on. For quality
control, ATCC S.aureus, E.coli and standard pathogenic leptospira cultures were
used.
Result: All were males with a mean age of 33 years from the Western Province
of Sri Lanka. 92.3% of pa ents had mild disease; without organ involvement.
Four pa ents had been on an bio cs for leptospirosis before sampling. At 6
weeks, 76.9% of pa ents’ blood samples showed leptospiral growth in EMJH
medium.
The mean Minimum Inhibitory Concentra on (MIC) µg/mL of 13 strains and
cumula ve % for MIC ≤0.1 are given respec vely: penicillin 0.12U/mL (76.9%),
cefotaxime 0.08 (91.7%), ce riaxone 0.24 (23.1%), ciprofloxacin 0.1 (84.6%),
azithromycin 0.05 (84.6%).
Conclusion: Among the beta lactams, cefotaxime had lowest MIC’s and the
majori es were ≤0.1 µg/mL. Cefotaxime and penicillin can be used as the ‘first
choice’ an bio cs for human leptospirosis in Sri Lanka.
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LEPTOSPIROSIS AMONG FEBRILE OUTPATIENTS ATTENDING HOSPITAL IN A
PASTORAL AREA IN NORTHERN TANZANIA
Michael J. Maze1, Gabriel M. Shirima2, Abdul‐Hamid Lukambagire2, Rebecca F.
Bodenham3, Ma hew P. Rubach4,5, Shama Cash‐Goldwasser5, Nestory Mkenda6,
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Background: Leptospirosis is an important cause of fever in Tanzania (1‐3). Risk
factors for leptospirosis iden fied in urban and small‐holder farming areas
include rural residence and contact with livestock (4). We sought to determine
leptospirosis prevalence in a rural area where pastoralist Maasai livestock
keepers who have intense livestock contact predominate.
Methods: We conducted this study at Endulen Hospital, Tanzania. Individuals
presen ng to hospital from August 2016 through March 2017 were approached.
Pa ents with a history of fever within 72 hours, or a tympanic temperature of
≥38.0°C were eligible. Serum samples were collected at presenta on and 4‐6
weeks later. Sera were tested using the standard microscopic agglu na on test
(MAT) using 20 Leptospira serovars from 17 serogroups, represen ng the major
human disease causing serogroups. We defined acute leptospirosis as a four‐
fold rise in an body tre between the acute and convalescent serum samples,
or a reciprocal tre ≥800 in either sample (5). We defined Leptospira
seroposi vity as a single reciprocal an body tre ≥100 in either sample.
Results: We iden fied 6 (10.0%) cases of acute leptospirosis among 60
par cipants providing paired serum samples, and 0 (0.0%) among 44
par cipants providing only a single sample. In total, 31 (29.8%) of 104
par cipants were seroposi ve to Leptospira. The predominant reac ve
serogroups of seroposi ve par cipants and those with acute leptospirosis
included Australis, Djasiman, Icterohaemorrhagiae, Javanica and Tarassovi.
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Conclusions: These data indicate leptospirosis is a common cause of fever in this
predominantly Maasai pastoralist popula on. Research is needed on the impact
and risk factors for leptospirosis.
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LEPTOSPIROSIS CASES SEEN DURING RAINY SEASON DENGUE OUTBREAK IN
2016 & 2017 AT MOSC MEDICAL COLLEGE.
Sr. Thressiamma, C.K. Eapen, Bijan John Zachariah, Regi Paul, Mariamma
Kuriakose, Abraham I yachen M, Asha Biju, T.S. Francis
Malankara Orthox Syrian Church Medical College, Kolenchery, Kerala, India

Background: Leptospirosis during dengue outbreak has been reported
earlierfrom diﬀerent areas. This presenta on summarizes our experience during
rainy season outbreak of dengue of 2016 & 2017.
Methods: We used our urine spot leptospirosis screening test and were able to
iden fy the leptospirosis cases within 24 hours and start treatment.
Results: It is clinically diﬃcult to diﬀeren ate leptospirosis alone from dengue
alone or a combina on dengue and leptospirosis together. During the rainy
season dengue fever outbreak of 1st May 2016 to 31st August 2016 there were
3340 admissions for fever, 59 cases of leptospirosis with dengue or viral
infec on and 9 cases of leptospirosis alone. Same period 2017, 1673 cases of
fever of which 67 cases leptospirosis with dengue or viral fever and 26 cases of
leptospirosis alone. Total WBC count very helpful. Leptospirosis alone high
count with polymorphonuclear leucocytosis, dengue alone low WBC count 1700
‐4000 with lymphocytes50‐70 percent. Combined leptosprial and dengue low
count but with polymorph increase more. This with urine albumin 1+ and
urinespot screening test posi ve helped us start treatment penicillin or
amoxycillin. Severe cases with lepto we were successful with plasma (FFP) and
platelets when needed.
Conclusion: Early diagnosis of lepto alone or with dengue using urine spot lepto
screening test helped early diagnosis and treatment with good results. Low
leucocyte count and reduced immunological status make such pa ents prone to
secondary infec ons. Is leptospirosis and dengue occurring simultaneously a
coincidence when both are endemic or is leptospiral saprophyte found in some
orifices in the human body becoming opportunis c infec on ?
Thanks to Medical Superintendent Dr. Sojan Ipe for permission for present to
ethics commi ee and research commi ee for permission to study and
encouraging support.
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LEPTOSPIROSIS AND DENGUE: DIAGNOSTIC POTENTIAL OF PATHOGEN‐
SPECIFIC URINARY LEPTOSPIRAL PROTEINS IN DIFFERENTIAL DIAGNOSIS
Ree ka Chaurasia, Sr. Thressiamma, C.K. Eapen, T.S. Francis, Mariamma
Kuriakose, Abraham I yachen M, Asha Biju, Bijan John Zachariah, Regi Paul,
Manjula Sritharan
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Background: Leptospirosis and dengue are two common febrile illnesses seen in
the tropics. In Kerala, both the diseases are highly prevalent during monsoon
seasons. Leptospirosis is a zoono c disease and dengue is a mosquito‐borne
illness that shows similar clinical symptoms of fever and body aches. There is a
need for a simple, cheap test for diagnosis of leptospirosis when both
leptospirosis and dengue are present. Our urine spot test for leptospirosis
ini ated this study.
Methods: Rou ne clinical examina on and laboratory tests were performed.
Serum was tested by MAT and ELISA was performed using whole cell sonicates
of pathogenic and non‐pathogenic leptospires. Urine samples were screened for
the presence of leptospiral an gens using an bodies against LipL32, LipL41,
HbpA and sphingomyelinase using both ELISA and Western blo ng techniques.
In addi on, using the above two techniques urine was screened for an ‐
leptospiral an bodies using leptospiral whole cell sonicates as an gens.
Results: 23 pa ents were grouped as leptospirosis as the respec ve serum
samples were MAT and ELISA posi ve, 11 were diagnosed as dengue and 6
samples were grouped as pyrexia of unknown origin (PUO). All the dengue and
PUO samples were MAT nega ve. Urine was analyzed for the presence of
leptospiral an gens. Interes ngly, several leptospiral proteins, seen only in
pathogenic leptospires were detected in the urine samples. A detailed analysis
of the leptospiral an gens as well as the an gens recognized by urinary an ‐
leptospiral an bodies will be presented.
Conclusion: Urine analysis useful for iden fying leptospirosis as well as for
iden fying the disease in pa ents with dengue/co‐infec ons.
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INVESTIGATION OF LEPTOSPIROSIS IN DENGUE‐NEGATIVE PATIENTS IN SÃO
PAULO STATE, BRAZIL
Fornazari F1*, Richini‐Pereira VB2, Joaquim SF1, Langoni H1
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Background: Leptospirosis is a major public health problem in Brazil. However, it
is considered a neglected disease, partly due to the lack of specificity of clinical
signs and the increased a en on directed to other diseases with similar
symptoms, especially dengue (Flannery et al., 2001). The aim of this study was
to detect leptospirosis in dengue‐nega ve pa ents.
Methods: A retrospec ve survey was performed using serum samples from 381
pa ents with clinical suspicion of dengue, but whose laboratory results were
nega ve either by NS1 ELISA (n=138) or IgM ELISA (n=243) (both confirmatory of
dengue). The samples were sent to dengue diagnosis in the Adolfo Lutz Ins tute
(IAL), Bauru city, Brazil, between 2015 and 2016 and remained stored at ‐80ºC.
Samples were sent to IAL by health services from 35 ci es near Bauru, all
located in the central region of São Paulo state.
Serum was submi ed to Real Time Polimerase Chain Reac on (PCR) and to the
Microscopic Agglu na on Test (MAT) using 100 as cut‐oﬀ ter (Fornazari et al.,
2012). MAT included six strains of the following serogroups:
Icterohaemorrhagiae (M20 and RGA), Canicola (Hond Utrecht IV), Autumnalis
(Akyiami A), Ballum (Mus 127) and Cynopteri (3522 C).
Results: All samples were nega ve in PCR. Five samples were posi ve in MAT
(1.3%), all for the Icterohaemorrhagiae serogroup. Serological ters were 100
(n=1), 200 (n=2), 400 (n=1), and 1600 (n=1).
Conclusions: A small propor on of dengue‐nega ve pa ents had evidence of
Leptospira infec on, with predominance of the Icterohaemorrhagiae serogroup.
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LEPTOSPIROSIS PRESENTING AS DENGUE FEVER WITH SEPTIC SHOCK AND
PNEUMONIA: A CASE REPORT
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Background: Leptospirosis is a common zoonosis in tropical countries. Indonesia
is a country with third highest mortality due to leptospirosis. Diagnosis is
diﬃcult because pa ents o en come with nonspecific presenta ons.
Case Illustra on: A 31 year‐old male came to the Emergency Department with
fever since 1 week before admission. He also complained cough without
bleeding or jaundice. He was ini ally diagnosed with sep c shock because ini al
blood pressure was 80/40 mmHg with acute kidney injury and chest X‐ray
showed bilateral infiltrate sugges ve of pneumonia. The pa ent also had
thrombocytopenia with platelet count of 37.000/µL. Because dengue fever and
leptospirosis are prevalent in our country, we tested the pa ent for both, but
only IgM An Dengue was posi ve whereas an ‐Leptospira Immunoglobulins
were nega ve. We admi ed the pa ent to the high care unit with sep c shock,
pneumonia and dengue fever. During treatment, the pa ent developed
jaundice and conjunc val suﬀusion. We retested the an ‐Leptospira
Immunoglobulins and found posi ve IgM. The pa ent was given intravenous
meropenem. At that moment, the disease was suspected to be at the second
(immune) phase. Symptoms, thrombocytopenia and acute kidney injury
resolved and the pa ent was discharged without complica on.
Discussion: The pa ent has three diﬀerent infec ous diseases which made the
presenta on unclear and diagnosis was diﬃcult. Intensive monitoring and
repeated laboratory evalua on could help determining the infec on. We chose
broad spectrum an bio cs to cover pneumonia and leptospirosis, while dengue
infec on itself is self‐limited.
Conclusions: Diagnosing mul ple tropical diseases in one pa ent is very
challenging. A physician should not be sa sfied with only one diagnosis. We
should consider another disease when unusual manifesta ons were present.
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INADEQUATE DIAGNOSIS OF LEPTOSPIROSIS IN DOMINICAN REPUBLIC: A
LATENT PROBLEM
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Background: Leptospirosis is an infec ous disease caused by spirochetes of the
genus Leptospira. It is spread through the urine of domes c animals, more
frequently in rodents. There is no reliable diagnos c tests in the early stages of
the disease, but the real‐ me polymerase chain reac on test (PCR) has been
proposed as an op on. This research addressed the diagnos c validity of PCR
and Immunoglobulin M (INMUNODOT) compared to Microagglu na on (MAT)
test.
Methods: An observa onal, descrip ve, cross‐sec onal study was performed
with 69 pa ents admi ed as presumptuous diagnosis of Leptospirosis in the
Regional "José María Cabral y Báez" Hospital of San ago from 2010 to 2012.
Results: Most of the cases were men (94.2%), under 49 years old (79.4%), came
from San ago (58%) and mortality was 52.1%. The MAT test showed 52.3%
posi ve and 47.6% nega ve for Leptospira. Sensi vity and specificity for PCR
were 27.3% and 80%; on the other hand, for INMUNODOT were 48.5% and
93.3%, respec vely.
Conclusions: In Dominican Republic, hospitalized pa ents with presumptuous
diagnosis of leptospirosis remain with a high mortality. Therefore, it is a priority
to op mize the diagnosis and treatment of this disease. Confirmed cases of
leptospirosis who died indicate an update in the treatment protocol and assure
its applica on. Meanwhile, not confirmed cases demand the necessity to
inves gate other causes of similar diseases such as Hanta Virus infec on. In this
study the performance of PCR in blood a er the 5th day proved no superiority
compare to INMUNODOT to detect early stages.
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LABORATORY FINDINGS AND SEVERITY OF LEPTOSPIROSIS: A CROSS‐
SECTIONAL STUDY IN A RURAL HOSPITAL IN INDONESIA
Maela Rus ana Dewi1, Yosefin Ratnaningtyas1
1*

Ajibarang Hospital, Banyumas Regency, Indonesia;

Background Diagnosis of leptospirosis s ll remains a challenge for clinicians in
the present of other acute febrile illnesses. The pa erns of simple laboratory
findings are poten al to the clinicians in diﬀeren a ng febrile tropical disease,
especially in rural hospital where laboratory confirma on is not available.
Methods Clinical and laboratory data were obtained from pa ents with
leptospirosis in a rural hospital in Central Java, Indonesia, from August 2016 to
July 2017 by collec ng data from medical records. Full blood count and kidney
func on parameters were analyzed from the first day of admission.
Results There were 38 cases of leptospirosis, 22 cases (57.9%) were severe
leptospirosis. Leukocytosis (leucocyte count greater than 11,000 per mm3) was
seen in 68.4% cases, where neutrophilia (neutrophil count > 8,000 per mm3) was
found in all cases even in pa ents with normal leukocyte. Majority (97.4%) had
low platelets count (< 150,000 per mm3), but not significantly lower in severe
disease (p 0,867). Increasing of urea and crea nine was seen in 78.9% cases, and
significantly higher in severe leptospirosis (p<0,001).
Conclusions Elevated leukocyte count, neutrophilia and thrombocytopenia are
seen in the majority of pa ents with leptospirosis. High levels of urea and
crea nine appear to predict the severity of the disease.
Keywords leptospirosis, leukocytosis, neutrophilia, platelets, urea, crea nine
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ROLE OF LEPTOSPIRAL LIPOLYSACCHARIDE IN DIAGNOSIS AND ITS EFFECT ON
CYTOKINE PRODUCTION FROM HEALTHY HUMAN PERIPHERAL BLOOD
MONONUCLEAR CELLS
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Back ground: Leptospirosis is an infec ous Zoono c disease caused by the
spirocheate of the genus Leptospira. The LPS are complex, amphipathic
biomelecules that cons tute the major surface an gen of Gram nega ve
bacteria. LipidA because of its conserved structure is recognized as pathogen
associated molecules by specific receptor on immune cells and s mulates them
to secrete pro‐infammatory cytokines. The aim of the present study was to find
out the role of Leptospiral LPS in diagnosis and its eﬀect on cytokine produc on
from healthy human Peripheral Blood Mononuclear Cells (PBMC).
Methods: LPS was extracted from L.Interrogans serovars Australis, Autumnalis,
icterocopenhageni, by Westphal and Jann 1965. Keto deoxyoctulonate (KDO)
and Carbohydrate were es mated. Extracted LPS was used to detect lgG and
lgM an bodies in pa ent`s sera using In‐House ELISA and Immunoblo ng.
Extracted LPS and live cultures of Leptospira were evaluated for Cytokine
produc on from healthy PBMC.
Results: Carbohydrate and KDO were present in Leptospiral LPS.
Immunoblo ng with LPS of L.canicola showed that lgG an bodies to the pooled
pa ent`s sera reacted at a Mol.Wt. band of 25kda. Live infec on of PBMC with
L.interrogans serovar Autumnalis, Australis, Icterocopenhageni at a
concentra on of 1x108 cells/ml induced the produc on of INF‐Y, 48hrs. Post
infec on and it persisted ll 72hrs. Sudden burst of TNFα was observed at 72hr
post Infec on. In Contrast to live ,LPS extracted from Leptospira induced a
weaker Th1 Cytokine response at the tested Dose. A er Live infec on, IL‐4 was
dominant at early me point and eventually INF‐Y followed by TNFα Levels
increased and IL‐4 Levels reduced 72 hrs. Moreover the kine cs of cytokine
profile was diﬀerent between the two condi ons of s mula on. An inverse
correla on was evident between Pro (IFN‐Y and TNF‐α) and an inflammatory
cytokine(IL‐4 and IL‐10) Produc on
Conclusion: These experimental results show that construc ve basis for
proinflammatory and an inflammatory cytokine response in vivo disease
outcome and diagnosis with LPS can be helpful.
References:
1. Westphal, O and Jann K .Bacterial lipopolysaccharides extrac on with phenol water and further
applica ons of the procedures. Methods in Carbohydrate Chemistry (5) (1965) 83‐89.
2. Y.D. Khar Khanis, J.Y. Ze er, J. J. Jackson et al. New and improved micro assay to determine 2‐keto
‐3‐deoxyocotonate in lipopolysaccharide of gram‐nega ve bacteria. Analy cal Biochemistry 85
(1978) 95‐101.
3. M. Dubois, K. A. Illes J. K. Hamilton et al Colorimetric method for determina on of sugars and
related substances. Analy cal Chemistry 28, (1956) 350‐356
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EVALUATION OF PERFORMANCE OF THREE COMMERCIALLY AVAILABLE
LEPTOSPIROSIS IGM POINT‐OF‐CARE TESTS TO DIAGNOSE ACUTE
LEPTOSPIROSIS AMONG PATIENTS WITH FEVER IN NORTHERN TANZANIA
Michael J. Maze*1,2, Ma hew P. Rubach2,3, Philoteus Sakasaka4, Remigi Swai4,
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Katrina Sharples7, John A. Crump1,2,3,6
1*

Centre for Interna onal Health, University of Otago, Dunedin, New Zealand
Kilimanjaro Chris an Medical Centre, Moshi, Tanzania
3
Division of Infec ous Diseases and Interna onal Health, Duke University Medical Center, Durham,
United States of America
4
Kilimanjaro Clinical Research Ins tute, Moshi, Tanzania
5
Special Pathogens Branch, US Centers for Disease Control and Preven on, Atlanta, Georgia, United
States of America
6
Kilimanjaro Chris an Medical University College, Moshi, Tanzania
7
Department of Mathema cs and Sta s cs, University of Otago, Dunedin New Zealand
[* indicates presen ng author]
2

Background: Leptospirosis is a common cause of fever in Tanzania (Biggs et al.,
2011). Tests that clinicians in district hospitals can use to diagnose leptospirosis
at ini al presenta on are needed. Point‐of‐care IgM tests would be suitable, but
their perfomance varies according to context (Brownlow et al., 2014; Chang et
al., 2014), and none has been evaluated in Africa. We evaluated three point‐of‐
care tests in pa ents from northern Tanzania presen ng to hospital with fever.
Methods: Pa ents with fever presen ng to hospital in Moshi, Tanzania, were
enrolled during 2007‐08 and 2012‐14, and provided acute and convalescent
serum. We tested paired serum using a 20 member panel Leptospira
microscopic agglu na on test (MAT), defining leptospirosis as a four‐fold rise in
an body tre (minimum reciprocal tre 200), and acute serum with Leptocheck
WB, Test‐It Leptospirosis, and Leptorapide point‐of‐care tests. We compared
agreement with MAT, and are evalua ng latent class models.
Results: We tested serum from 242 (19.8%) of 1,220 par cipants who
underwent MAT, including 24 (9.9%) with posi ve MAT. Of those with posi ve
MAT, the propor on posi ve on the point‐of‐care assays were: Leptocheck WB
45.8%; Leptorapide 16.7%; Test‐It Leptospira 26.1%. For those with nega ve
MAT, the propor ons nega ve on the point‐of‐care assays were Leptocheck WB
82.9%; Leptorapide 83.5%; Test‐It Leptospira 87.0%.
Conclusion: IgM point‐of‐care assays had low agreement with MAT for
leptospirosis diagnosis. Latent class models can es mate point‐of‐care test
sensi vity and specificity, however these models are sensi ve to assump ons.
We will present es mates of sensi vity and specificity at presenta on based on
a plausible range of latent class models.
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ECOLOGICAL NICHE MODEL AS TOOLS TO PREDICT CURRENT AND FUTURE
DISTRIBUTION OF LEPTOSPIROSIS OCCURRENCES IN WESTERN JAVA,
INDONESIA
Pandji W. Dhewantara1,2, 3*, Mara Ipa3, Muhammad Umar Riandi3, Mujiyanto
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Background: In Indonesia, a remarkable increase in human incidence and
mortality due to Leptospira infec on has been reported in the last decade
(Ministry of Health of Indonesia, 2016). Despite its persistent incidence,
however, li le has known about the distribu on of poten al high‐risk areas,
especially in western part of Java. This study was aimed to define and predict
suitable territories for Leptospira infec on to strengthen leptospirosis control in
the region.
Methods: To es mate the poten al leptospirosis risk, we used a total of 289
human leptospirosis data reported from three provinces (Banten, Jakarta, and
West Java) during 2012‐2015. Maximum Entropy (Maxent) (Steven et al., 2006)
was u lized to es mate the distribu on of the occurrence of leptospirosis cases
across the region under current and future environmental scenarios. We used
environmental variables: temperature, precipita on, and eleva on, which
extracted from free world climate databases (Hijmans et al., 2005). Area under
the receiver opera ng curve (AUC) was used to evaluate the model.
Results: The ecological niche model (ENM) indicated the extensive areas with
the high‐suitability condi on for Leptospira in the northern and central part of
the region. The occurrence of leptospirosis mainly aﬀected by annual mean
temperature, annual precipita on, and precipita on of we est quarter. The
AUC values confirmed the high accuracy of predic on model.
Conclusions: Our findings suggest that there is a high probability for
leptospirosis outbreak across the region. ENM can be used to support
leptospirosis surveillance. An enhanced surveillance and further epidemiological
studies, therefore, should be priori zed across the region.
References: Ministry of Health of Indonesia. Indonesia Health Profile 2016. Jakarta: Pusat Data dan
Informasi, Ministry of Health of Indonesia, 2017.
Hijmans RJ, Cameron SE, Parra JL, Jones PG, Jarvis A. Very high resolu on interpolated climate
surfaces for global land areas. Interna onal Journal of Climatology. 2005; 25: 1965‐1978.
Steven JP, Anderson RP, Schapire SE. Maximum entropy modeling of species geographic
distribu ons. Ecological Modelling, 2006; 190:231‐259.
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EVALUATION OF TWO IMMUNOASSAYS AS COMPARED TO MICROSCOPIC
AGGLUTINATION TEST FOR EARLY DIAGNOSIS OF LEPTOSPIROSIS
Zin NM*, Othman SN, Rahman FR
*

Universi Kebangsaan Malaysia, Kuala Lumpur, Malaysia

Background: Leptospirosis is a worldwide zoono c disease caused by
spirochetes of the genus Leptospira. Microscopic agglu na on test (MAT) is the
serological gold standard used for the diagnosis but this test is laborious and
me consuming (Akobeng, 2007).
Methods: A total of 140 serum from pa ents suspected cases of leptospirosis
were obtained from Medical Centre of Universi Kebangsaan Malaysia and were
tested for the presence of Leptospira an bodies using IgM LAT, IgM ELISA and
confirma on test using MAT.
Results: As compared to MAT, the sensi vity, specificity, posi ve predic ve
value and nega ve predic ve value (Bajani et al., 2003) of IgM LAT is 68.8%,
57.6%, 30.6% and 87.2%, respec vely. While the sensi vity, specificity, PPV and
NPV of IgM ELISA is 37.5%, 89.8%, 50% and 84.1%, respec vely. The result
showed that serovar Sarawak had the highest distribu on (50%) followed by
serovar Patoc (38%), Djasiman and Hardjobovis (6%). The me of tes ng of IgM
ELISA is 2‐3 minutes as compared to IgM ELISA and MAT which take hours to
perform.
Conclusions: IgM LAT can be useful as screening test for early diagnosis of
leptospirosis because of high sensi vity, rapid to perform and rela vely cheap.
While, IgM ELISA can be used in hospital as confirmatory test for leptospirosis.
References
Akobeng, A. K. 2007. Understanding diagnos c tests 1: sensi vity, specificity and predic ve values.
Acta paediatrica 96(3): 338‐341.
Bajani, M.D., Ashford, D.A., Bragg, S.L., et al. 2003. Evalua on of four commercially available rapid
serologic tests for diagnosis of leptospirosis. Journal of Clinical Microbiology 41(2): 803‐809.
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DISTRIBUTION OF ANTI‐LEPTOSPIRA ANTIBODIES IN SUSPECTED YELLOW
FEVER PATIENTS IN CÔTE D'IVOIRE
Koﬃ KS1,2, Meite S1, Oua ara A1, Kouassi KS1, Dosso M1, Bourhy P3
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3
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Background: Leptospirosis is an infec ous disease of worldwide importance due
to pathogenic strains of Leptospira, par cularly in tropical and subtropical areas.
Leptospirosis could be misdiagnosed as other febrile illnesses including yellow
fever (YF). Li le is known about Leptospira and leptospirosis in Côte d'Ivoire.
Determining leptospirosis circula on in suspected YF pa ents could be useful to
iden fy cases. This study aims to determine the distribu on of an ‐Leptospira
an bodies in suspected YF pa ents in Côte d'Ivoire.
Methods: In 2014, 384 suspected YF pa ents from the na onal system for
communicable diseases were randomly selected. An ELISA targe ng an ‐
Leptospira an bodies was used to screen samples. Suspected specimens were
confirmed by microagglu na on test (MAT) using 16 an gens with a threshold
of 1:50.
Results: Of the 384 samples screened by ELISA, 90 were posi ve. Of the ELISA
posi ve samples, 36 were confirmed by MAT (9.4%). Leptospirosis cases (mean
age 34.5 years, sex ra o M/F=2) were diagnosed in 22 health districts mainly
located in the centre and the western part of the country (66.7%). The northern
health districts showed fewer cases than other regions. Of the 8 serogroups
iden fied, the most frequent were Panama (36.1%), followed by Louisiana
(19,4), Grippotyphosa (11.1%) and Sejroë (11.1%).
Conclusions: This study confirms the circula on of Leptospira in pa ents
suspected for YF in Côte d'Ivoire. This infec on seems to be more prevalent in
the centre and the western part of the country. These results highlight the
relevance of leptospirosis as a poten al diﬀeren al diagnosis in pa ents with
acute undiﬀeren ated febrile syndrome and the importance of the clinical
suspicion and laboratory confirma on of diﬀerent e ologies.
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CROSS‐SECTIONAL SEROLOGICAL SURVEY FOR LEPTOSPIRA SPP. IN BEEF AND
DAIRY CATTLE IN TWO DISTRICTS IN UGANDA
A. Dreyfus1*, T. Odoch2, L. Alinaitwe2, S. Rodriguez‐Campos3, A. Tsegay2, V.
Jaquier3, C. Kankya2
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3
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2

Background: The seroprevalence of Leptospira spp. in ca le is unknown in
Uganda. The aim was to es mate the seroprevalence of L. interrogans
Icterohaemorrhagiae, Pomona, L. kirschneri Butembo, Grippotyphosa, L.
borgpetersenii Nigeria, Hardjo, Wolfii, and Kenya and an overall seroprevalence
in ca le from Kole and Mbale districts.
Methods: 275 bovine blood samples from 130 small‐holder farms from Kole
(n=159) and Mbale (n=116), collected from January‐July 2015, were tested for
an bodies against eight Leptospira strains by Microscopic Agglu na on Test
(MAT) at doubling dilu ons (25‐6400) at the Ins tute of Veterinary Bacteriology,
Switzerland. A tre of ≥ 100 was considered seroposi ve, indica ng past
exposure.
Results: The number of seroposi ve animals was 53/275 with an overall
seroprevalence of 19.27% (95% CI 14.58‐23.96%). Pomona seroprevalence was
highest with 9.45% (5.97‐12.93%), followed by Kenya with 5.09% (2.48‐7.70),
Nigeria with 4.00% (1.67‐6.33), Wolfii with 3.27% (1.16‐5.39), Butembo with
1.86% (0.23‐3.41), Hardjo with 1.45% (0.03‐2.88) and Icterohaemorragiae and
Grippotyphosa with less than 1% posi ve. Seroprevalence did not diﬀer
between districts and sex (p≥0.05). Seven animals had tres ≥ 400, an bodies to
more than one serovar occurred in 8.9% of seroposi ve animals.
Conclusions: An overall seroprevalence of 19% implies exposure of ca le to
leptospires. Ca le are maintenance hosts for Pomona and possibly Nigeria,
likely exposing humans and other species by shedding leptospires. We ini ated
the inves ga on of Leptospira prevalence in bovine kidneys and urine by PCR in
order to es mate the veterinary public health relevance of bovine leptospirosis
in Uganda (see abstract of Alinaitwe et al).
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LEPTOSPIRA INFECTION AND INCIDENCE OF LESIONS IN ANIMAL KIDNEYS
Rajeev S and Shiokawa K
Ross University school of Veterinary Medicine, Saint Ki s, West Indies

Background: Acute kidney condi ons due to Leptospira infec on are well
documented, but chronic kidney change induced by this agent is debated,
especially the lesions as a result of Leptospira infec on in the reservoir animal
hosts. This study evaluated kidney lesions in mul ple animal species in a
geographic region where leptospirosis is endemic.
Methods: Paraﬃn embedded, H&E stained kidney sec ons of various animal
species ca le (n=25), mongoose (n=75), monkeys (n=34), rats (n=28), and mice
(n=3) were examined for lesions and its correla on with Leptospira infec on and
exposure.
Results: Rat kidneys (11/28) exhibited presence of pigments (interpreted as
hemosiderin) within the tubular lumen and tubular epithelium. Minimal to mild
inters al nephri s was present in 12 rats. Mild lymphoplasmacy c inters al
nephri s was present in the majority of the ca le kidney sec ons (16/25)
examined. Mongoose kidneys had moderate to severe (2‐9.3%) renal lesions
comparable with a chronic nephropathy. Twelve of 34 monkeys (12/34) had
mild to moderate inters al nephri s. No clear associa ons were observed
between renal lesions and exposure to Leptospira species (as evidenced by
microscopic agglu na on tests to 21 Leptospira serovars) or the presence of the
organism (as evidenced by posi ve PCR for LipL 32 genes) in the kidneys.
Conclusions: Varia ons in renal pathology were observed in the animals
examined in this study. As infec ous agents are implicated in the ini a on of
chronic kidney condi ons such as Mesoamerican nephropathy, studies related
to the natural history of Leptospira infec on and associated poten al chronic
pathologic consequences in animals in the endemic regions will be valuable.
References
Murray KO, Fischer RSB, Chavarria D, Du mann C, Garcia MN, Gorchakov R, et al. Mesoamerican
nephropathy: A neglected tropical disease with an infec ous e ology? Microbes and Infec on.
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Infec on: A Popula on‐Based Survey and Epidemiological Cohort Evidence. PLoS neglected tropical
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LEPTOSPIRA INFECTION IN CATTLE ON THE ISLAND OF SAINT KITTS
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BackgroundLeptospirosis is endemic in the Caribbean region. However, reports
on animal studies are few from the region. In addi on to animal health impact,
there may be a significant public health threat due to the close proximity
between infected animals and their keepers. This study describes a preliminary
inves ga on to assess Leptospira infec on in ca le on the Caribbean island of
Saint Ki s.
MethodsNinety‐seven convenient and paired ca le serum and kidney samples
were collected from a Saint Ki s aba oir between September 2016 and March
2017. Serum samples were tested by microscopic agglu na on test (MAT) using
21 Leptospira serovars and kidney samples were tested by real me PCR (RT‐
PCR) targe ng lipL 32 gene and Leptospira culture.
Results Seventy‐nine (81.4%) were posi ve for at least one serovar. Posi ve
serovars included Mankarso (54.6%) Djasiman (37.1%), Autumnalis (25.7%),
Ballum (24.7%), Bra slava (23.7%), Canicola (22.7%), Icterohemorrhagiae
(21.6%), Tarrasovi (19.6%), Alexi (17.5%), Pomona (14.4%), Georgia (10.3%),
Pyrogenes (10.3%), Cynopteri (10.3%), Hardjo (5.2%), Copenhageni (5.1%),
Javanica (3.1%), Australis (2%), and Grippotyphosa (1%). None of the kidney
samples cultured yielded posi ve results. Leptospira DNA was amplified from
17 kidneys (17.5%) . No clear significant associa ons were detected between
MAT results and PCR results.
Conclusion: Our study confirms the exposure to a diverse set of Leptospira
serovars and the presence of poten al carriers among ca le on the island of
Saint Ki s. Further studies are needed to assess the animal health and public
health impact as ca le are mainly used for subsistence farming on the island.
References : Stoddard RA, Gee JE, Wilkins PP, McCaustland K, Hoﬀmaster AR. Detec on of
pathogenic Leptospira spp. through TaqMan polymerase chain reac on targe ng the LipL32 gene.
Diagn Microbiol Infect Dis. 2009;64(3):247–55.
Rajeev S, Ilha M, Woldemeskel M, Berghaus RD, Pence ME. Detec on of asymptoma c renal
Leptospira infec on in aba oir slaughtered ca le in southeastern Georgia, United States. SAGE
Open Med [Internet]. 2014;2:205031211454469. Available from: h p://journals.sagepub.com/
doi/10.1177/2050312114544696
Rajeev, S., Pra , N. & Shiokawa, K. Leptspira infec on in Animals in the Caribbean and Central
America, Curr Trop Med Rep (2017) 4: 77. h ps://doi.org/10.1007/s40475‐017‐0107‐5
Petrakovsky, J., Bianchi, A., Fisun, H., Nájera‐Aguilar, P., & Pereira, M. M. (2014). Animal
Leptospirosis in La n America and the Caribbean Countries: Reported Outbreaks and Literature
Review (2002–2014). Interna onal Journal of Environmental Research and Public Health, 11(10),
10770–10789. h p://doi.org/10.3390/ijerph111010770
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LEPTOSPIRA SEROVARS COPENHAGENI, BALLUM AND TARASSOVI IN BEEF
CATTLE, SHEEP AND DEER IN NEW ZEALAND
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Background: The seroprevalence of Leptospira serovars Hardjo and Pomona,
present in commercial vaccines, has recently been established in New Zealand,
but li le is known about the prevalence of non‐vaccine serovars. The aim of this
study was therefore to es mate animal‐ and farm‐level seroprevalence of
Leptospira serovars Ballum, Copenhageni and Tarassovi in sheep, beef and deer
in New Zealand.
Methods: Sera (n=20±2/species per farm) from a serum bank of single‐ or mul ‐
species sheep, beef and deer herds/flocks (n=146 farms and 3878 animals) from
seven regions throughout New Zealand were analysed for these Leptospira
serovars using the Microscopic Agglu na on Test. A tre of ≥48 was designated
posi ve, with a posi ve herd/flock having ≥1 posi ve animal.
Results: Animal‐level seroprevalence was 10.2%, 15.2% and 11.9% for Ballum,
Copenhageni, and Tarassovi, respec vely, all species combined, and 10.5%,
16.7% and 14.0% for sheep, 13.6%, 12.5% and 17.9% for beef, and 6.6%, 15.9%
and 3.6% for deer, respec vely. Farm‐level seroprevalence was 76.7% for
Ballum, 88.4% for Copenhageni and 74.0% for Tarassovi. Two farms were
seronega ve for all serovars. All serovars were observed in all regions.
Conclusions: Data confirm that sheep, beef ca le and/or deer in most herds/
flocks throughout New Zealand are exposed to Leptospira serovars Ballum,
Copenhageni and Tarassovi. These serovars should be considered when clinical
or subclinical signs of leptospirosis are observed in humans and animals.
Livestock sector workers are poten ally at risk of exposure to these serovars.
Culture confirma on of Ballum, Tarassovi and Copenhageni in kidney and/or
urine, and their role in clinical and subclinical disease is now warranted for each
species.
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LEPTOSPIRA SPECIES INFECTION IN CATS IN NORTHERN, NORTHEASTERN, AND
CENTRAL THAILAND
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Background: In Thailand, leptospirosis is considered an emerging disease in
people and animals (Tangkanakul et al., 2005). There are no studies on
Leptospira species infec ons in cats in Thailand. However, it was recently
demonstrated that cats can shed pathogenic Leptospira species in their urine
(Weis et al., 2016) with prevalence of up to 67.8%, as demonstrated in Taiwan
(Chan et al., 2014). The aim of this study was to evaluate if outdoor cats in
Thailand shed pathogenic Leptospira species in urine and to determine an body
prevalence.
Methods: Two‐hundred‐sixty outdoor cats from 13 loca ons in Northern,
Northeastern, and Central Thailand were prospec vely included. Cats were from
urban (n=207), rural (n=48), or unknown areas (n=5). Urine samples were tested
by real‐ me PCR targe ng the lipL32 gene of pathogenic Leptospira species.
Urine was also cultured for 6 months. An body ters against 24 serovars
belonging to 16 serogroups were determined by Microscopic‐Agglu na on‐Test.
Results: Urine samples of 2/260 cats (0.7%; 95% confidence interval: 0%−1.8%)
were PCR‐posi ve, but none of the 260 urine samples was posi ve in culture.
Leptospira species an bodies were detected by Microscopic‐Agglu na on‐Test
in 14/260 cats (5.4%; 95% confidence interval: 2.6%−8.1%) with reac vity
against the serovars Celledoni, Patoc, Djasiman Icterohaemorrhagiae, and
Autumnalis and ters ranging from 1:20 to 1:160.
Conclusions: Outdoor cats in Thailand can shed DNA from pathogenic Leptospira
species in their urine, although with much lower prevalence than reported in
Taiwan. Further studies are needed to determine the role of cats as a source of
infec on for animals and humans in Thailand.
References : Chan KW, Hsu YH, Hu WL, Pan MJ, Lai JM, Huang KC, Chou SJ. Serological and PCR
detec on of feline leptospira in southern Taiwan. Vector Borne Zoono c Dis 2014; 14: 118‐23.
Tangkanakul W, Smits HL, Jatanasen S, Ashford DA. Leptospirosis: an emerging health problem in
Thailand. Southeast Asian J Trop Med Public Health 2005; 36: 281‐8.
Weis S, Re nger A, Bergmann M, Llewellyn JR, Pantchev N, Straubinger RK, Hartmann K. Detec on
of Leptospira DNA in urine and presence of specific an bodies in outdoor cats in Germany. J Feline
Med Surg 2016;
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EVALUATION OF HEMOSTASIS IN DOGS WITH LEPTOSPIROSIS‐ASSOCIATED
PULMONARY HEMORRHAGES
Francey T, Schweighauser A
Vetsuisse Faculty, University of Bern, Switzerland

Background: Leptospirosis‐associated pulmonary hemorrhages (LAPH) o en
limit survival in aﬀected humans and canines (Haake et al. 2015, Major et al.
2014). Disorders in coagula on and fibrinoly c pathways were shown in
humans, but without a clear pa ern correla ng with bleeding (Wagenaar et al.
2010). The aim of this study was therefore to characterize hemosta c
disturbances associated with canine leptospirosis and LAPH.
Methods: In a cross‐sec onal study, primary and secondary hemostasis was
thoroughly evaluated in 187 dogs with acute kidney injury (AKI); 131 were
diagnosed with leptospirosis (101 with and 30 without LAPH) and 56 dogs with
AKI of other e ologies (controls). Parameters indica ng hemosta c disturbances
were evaluated for their associa on with leptospirosis or LAPH.
Results: In dogs with AKI, disorders of primary hemostasis were evident with
prolonged BMBT (P=0.03), indica ng a bleeding tendency linked to uremia.
Disorders of secondary hemostasis were subtle, with decreased FVIII (P=0.01,
risk of bleeding), decreased protein C (P=0.03) and decreased an thrombin
(P<0.001) (risk of thrombosis). No pa ern of primary hemosta c disorder
specific to leptospirosis or LAPH could be observed. However, a mixed pa ern of
altera ons of secondary hemostasis was seen, with more profound decrease in
an ‐thrombo c proteins C and S with leptospirosis compared to other AKI
(P=0.016 and P<0.001, respec vely). No LAPH‐specific pa ern was recognized.
Conclusions: Marked hemosta c disorders were seen in dogs with leptospirosis
and with AKI, but only subtle diﬀerences between the groups. The absence of a
LAPH‐specific pa ern suggests that altera ons in the systemic hemostasis do
not play a key role in its pathogenesis.
References
Haake DA, Leve PN. Leptospirosis in humans. Curr Top Microbiol Immunol 387:65‐97, 2015.
Major A, Schweighauser A, Francey T. Increasing incidence of canine leptospirosis in Switzerland. Int
J Environ Res Public Health 11(7):7242‐60, 2014.
Wagenaar JFP, Goris MGA, Par nigrum DL, et al. Coagula on disorders in pa ents with severe
leptospirosis are associated with severe bleeding and mortality. Trop Med Int Health 15(2):152‐9,
2010.
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ANTI‐LEPTOSPIRA SP. ANTIBODIES IN WILD BOARS (SUS SCROFA) AND
HUNTING DOGS FROM SOUTHERN BRAZIL.
Kme uk LB1*, Machado F2, Pellizzaro M3, Langoni H3, Gravina
Vieira RFC2, Barros Filho IR2, Biondo AW2

ML2, Lipinski LC4
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3
Department of Veterinary Hygiene and Public Health, São Paulo State University, Botucatu, SP,
18618‐970, Brazil. 4Department of Medicine, State University of Ponta Grossa, Ponta Grossa, PR,
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Background: Risk factors for leptospiral transmission may include environmental
factors and human interac ons with exo c and companion animals. Hunters,
hun ng dogs and wild boars may be exposed to diﬀerent leptospiral sources,
par cularly contaminated water. Due to outdoors life of hun ng dogs, such
environmental exposure may mirror or an cipate human infec on, pos ng such
dogs as poten al sen nels of One Health (Ghneim et. Al, 2007).
Methods: Blood samples of 15 wild boars from southern Brazil were obtained
a er hun ng, by cardiac puncture. Blood samples of 37 dogs used for wild boar
hun ng were drawn in a kennel located in the same geographical area. An
epidemiological ques onnaire was applied to the corresponding owner about
environmental condi ons, habits and hun ng prac ces of their dogs. All serum
samples were ini ally tested by microscopic serum agglu na on (MAT) (Ghneim
et. al, 2007) for 28 serovars. Samples were considered posi ve when reac ng
with dilu on ≥ 1:100 (Faine, 1999).
Results: All wild boars and hun ng dogs tested non‐reac ve for the complete
set of 28 Leptospira serovars. Hunters have o en reported seeing domes c and
wildlife rodents nearby kennels and during hun ng.
Conclusions: While sample size and single kennel tested to date may not be
enough to robustly confirm this area of southern Brazil has low environmental
contamina on and human exposure, wild boars may be poten al reservoirs
and/or sen nels for environmental leptospirosis infec on and dogs may act as
sen nels as well. Serological monitoring will be conducted over me to fully
establish the role of such exo c species in the leptospirosis cycle.
References
Ahmad SN, Ahmad FMH. Laboratory Diagnosis of Leptospirosis. Postgraduate Medical Journal 2005;
51:195‐200.
Faine S, Adler B, Bolin C, Perolat P. Leptospira and leptospirosis 2nd ed., Medica Sciences,
Melbourne, Australia. 272, 1999.
Ghneim, G.S.; Viers, J.H.; Chomel, B.B.; Kass, P.H.; Descollonges, D.A.; Johnson, M.L. Use of a case‐
control study and geographic informa on systems to determine environmental and demographic
risk factors for canine leptospirosis.
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CASE REPORT OF LEPTOSPIROSIS IN A GERMAN SHEPHERD DOG DUE TO
LEPTOSPIRA INTERROGANS SEROVARS HARDJOBOVIS
Khor KH1*, Mohamad Noor FR2, Lau SF1, Roslan MA3, Abdul Rahman MS3, Goh
SH1 and Bahaman AR3
1

Department of Veterinary Clinical Studies, Faculty of Veterinary Medicine, Universi Putra Malaysia,
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Universi Putra Malaysia, 43400 Serdang Selangor, Malaysia , 3Department of Pathology and
Microbiology, Faculty of Veterinary Medicine, Universi Putra Malaysia, 43400 Serdang Selangor,
Malaysia. *Correspondence author: khkhor@upm.edu.my

Background: Dogs are considered as maintenance and incidental hosts for
Leptospira, and could be a poten al source of infec on to pet owners (Moore,
2006).
Methods: A 7‐year‐old male German Shepard dog was presented for
inappetance. Pa ent was noted to be lethargic and with mild conjunc vi s.
Rou ne blood profile revealed nonresponsive anaemia, hyperglobulinaemia and
increased level of urea and crea nine. . Urine SG was hypostenuric with
glucosuria, bilirubinuria and mild haematuria. Kidney disease was suspected.
Ultrasound only revealed bilateral enlarged kidneys. Further history of contact
with rodents was suspected and hence the dog was screened for leptospirosis.
Results: Blood samples were tested posi ve using the IDEXX SNAP® Lepto test
and the Microscopic Agglu na on Test (MAT) against 20 Leptospira serovars
was seroposi ve against serovar Hardjobovis (1:800) and Icterohaemorrhagiae
(1: 150). Blood sample analysed by mul plex polymerase chain reac on was
nega ve but urine tested posi ve for pathogenic Leptospira DNA. Further DNA
sequencing iden fied Harjobovis as the cause. The dog was treated (Adin, 2000)
with amoxicillin and clavulanate acid ini ally with kidney suppor ve therapy,
and when the appe te has improved, doxycycline was added in the treatment
regime. The dog recovered well and the kidney parameters went back to normal
a er three weeks. Paired serum sample post‐3 weeks of treatment revealed
seroposi ve against serovars Harjobovis (1:200) and Icterohaemorrhagiae
(1:150).
Conclusion: The dog was diagnosed with acute kidney failure due to canine
leptospirosis. This is the first report of Leptospira serovar. Hardjobovis in dogs in
Malaysia. This study gives an insight to the possible role of pet dogs as a
poten al source of disease in humans.
References
Moore, G. E., Gup ll, L. F., Glickman, N. W., Caldanaro, R. J., Aucoin, D., & Glickman, L. T. (2006).
Canine leptospirosis, United States, 2002‐2004. Emerging Infec ous Diseases, 12(3), 501–503.
h ps://doi.org/10.3201/eid1203.050809
Adin, C. a & Cowgill, L. D. (2000). Treatment and outcome of dogs with leptospirosis: 36 cases (1990‐
1998). Journal of the American Veterinary Medical Associa on, 216(3), 371–375. h ps://
doi.org/10.2460/javma.2000.216.371
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EVALUATION OF SNAP® LEPTO FOR DIAGNOSIS OF LEPTOSPIRAL UVEITIS IN
HORSES
Be na Wollanke1*, Tobias Geiger1 and Hartmut Gerhards1
1*

Equine Clinic, Ludwig‐Maximilians University, Munich, Germany

Background: In some horses, clinical and ophthalmological findings alone are
inconclusive for diagnosing leptospiral uvei s. ELISA tes ng had been shown to
have advantages for diagnosing leptospiral uvei s in horses compared to Micro
Agglu na on Test (MAT). Recently, SNAP® Lepto, originally a quick test for
examining serum of dogs, was developed and is commercially available. As this
test is not species specific and any an body against LipL32 of pathogen
Leptospira spp.can be detected, it was inves gated if this test is helpful for
diagnosing leptospiral uvei s in horses.
Methods: Serum samples from 36 horses with proven leptospiral uvei s and
from 46 control horses as well as 41 intraocular samples (either aqueous fluid or
vitreous) from horses with proven leptospiral uvei s, and 36 intraocular samples
from control horses, have been tested using SNAP® Lepto.
Results: None of the control horses had detectable an bodies in serum or
intraocular samples while 25/36 horses (69 %) with leptospiral uvei s had
an bodies in serum samples and 38/41 horses (93 %) with leptospiral uvei s
had an bodies in intraocular fluids.
Conclusions: SNAP® Lepto seems to be a valuable test for diagnosis of
leptospiral uvei s. Using serum, there might be 33% false nega ve results, but
false posi ve results are unlikely. Using intraocular fluids, false posi ve results
are unlikely, too, and false nega ve results can be expected in less than 10 %.
Thus, SNAP® Lepto is a quick and eﬀec ve screening method for detec on of
leptospiral uvei s, even using serum samples.
References
Loibl JK. Immunologische und mikrobiologische Untersuchungen zur intraokular persis erenden
Leptospireninfek on bei Pferden mit rezidivierender Uvei s. Ludwig‐Maximilians‐Universität
München, Vet. Med. Fak. Diss, 2009.
Winzelberg S, Tasse SM, Goldstein RE, Chapman PS et al. Evalua on of SNAP® Lepto in the Diagnosis
of Leptospirosis Infec ons in dogs: Twenty two Clinical Cases. Intern. J. Appl. Res. Vet. Med. 13 (3):
193‐198, 2015.
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LIPL32 REAL‐TIME PCR USING 50 URINE SAMPLES FROM HORSES SUFFERING
FROM UVEITIS
Be na Wollanke1* and Hartmut Gerhards1
1*

Equine Clinic, Ludwig‐Maximilians University, Munich, Germany

Background: Leptospiral uvei s is a late sequela of systemic leptospiral
infec on, occurring months or even several years a er leptospiraemia in about
8 % of horses exposed to leptospires. The most common serovar in equine eyes
in Germany is Grippotyphosa. Leptospiral shedding is described to occur for only
a few weeks in horses a er systemic infec on. Many horse owners fear that
diseased horses can infect other horses. As PCR is faster, cheaper and a bit more
reliable than leptospiral culture, urine from horses suﬀering from uvei s was
tested for leptospiral DNA.
Methods: Urine samples were collected from 50 horses showing recurrent
uvei s. In 42 horses leptospiral uvei s was diagnosed by posi ve MAT, ELISA
and / or PCR‐results using intraocular fluids. 8 horses had a diﬀerent type of
uvei s. All samples were tested by real‐ me PCR looking for LipL32.
Results: In 4 urine samples PCR gave posi ve results while 46 urine samples
were tested nega ve. Three of the posi ve results belonged to horses with
leptospiral uvei s and one posi ve result was obtained from a horse with non‐
leptospiral uvei s.
Conclusions: The risk of shedding leptospires seems to be the same in horses
showing leptospiral uvei s or not. When recurrent uvei s occurs, it is very
unlikely that other horses are infected by the diseased one. It is much more
presumable that other horses are infected by mice or other small rodents which
have been shown in a rela vely high percentage to shed leptospires.
References
Cibulski S, Wollanke B. Untersuchungen von wildlebenden Kleinsäugern und Wasserproben von
Pferdebetrieben auf DNA pathogener Leptospiren mi els real‐ me PCR. Pferdeheilkunde 32 (6): 634
‐640, 2016.
Faine S. The growth of Leptospira australis B in the kidneys of mice in the incipient experimental
carrier state. J. Hygiene 60: 435‐442, 1962.
Faine S, Adler B, Bolin C, Perolat P. Leptospira and Leptospirosis (2. Auflage.). Medi Sci, Melbourne,
Australia, 2000.
Mayer‐Scholl A, Hammerl JA, Schmidt S, Ulrich RG et al. Leptospira spp. in Rodents and Shrews in
Germany. Int. J. Environ. Res. Publ. Health 11: 7562‐7574, 2014. DOI: 10.3390/ijerph110807562.
Wollanke B, Gerhards H, Brem S, Meyer P, Kopp H Ae ologie der equinen rezidivierenden Uvei s
(ERU): Autoimmunkrankheit oder intraokulare Leptospireninfek on? Pferdeheilkunde 20 (4): 327‐
340, 2004.
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BOVINE LEPTOSPIROSIS IN ABATTOIRS IN UGANDA: MOLECULAR DETECTION
AND RISK OF EXPOSURE TO WORKERS
*Lordrick Alinaitwe1, Clovice Kankya1, Sabrina Rodriguez Compos2, Kathryn
Allan3, and Anou Dreyfus4
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3
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4
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2

Background: There have been hardly any studies confirming bovine
leptospirosis in Uganda. Only recently seroposi vity by Microscopic
Agglu na on Test (MAT) was demonstrated in humans (Dreyfus et al., 2016),
and ca le (Dreyfus et al. unpublished data) in Uganda .We thus will present
results from a current study determining the prevalence of Leptospira spp. renal
infec on (by molecular detec on), circula ng serogroups and risk of exposure
to workers in major ca le aba oirs in Uganda.
Methods: Two purposively selected ca le aba oirs were enrolled in this cross‐
sec onal study, where 500 bovine kidney, urine and blood samples were
collected between June and July 2017. Real me PCR (qPCR) targe ng LipL32
gene is currently being conducted on urine and kidney samples and MAT on
serum samples,using a panel of 10 serovars reported in East Africa. qPCR
posi ve samples will be typed using secY sequencing and mul ‐locus sequencing
typing (MLST).
Results: We will present the overall prevalence of Leptospira spp. in ca le by
qPCR in kidneys and urine, and circula ng serovars by MAT. Shedding rates in
urine and consequent exposure risk to workers at each aba oir shall be
determined.
Conclusions:Establishing prevalence of Leptospira spp. and circula ng
serogroups in ca le in Uganda may aid selec on of vaccine profiles and
representa ve screening an gens for use in epidemiological studies.Measuring
exposure risk among aba oir workers will create public awareness, and direct
managerial, behavioural changes at the aba oirs toward preven on and control
of leptospirosis.
References
Dreyfus A, Dyal JW, Pearson R, Kankya C, Kajura C, Alinaitwe L, et al. (2016) Leptospira
Seroprevalence and Risk Factors in Health Centre Pa ents in Hoima District, Western Uganda.
PLoSNegl Trop Dis 10(8): e0004858. doi:10.1371/journal.pntd.0004858
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SEROPREVALENCE OF LEPTOSPIROSIS IN DIFFERENT SPECIES OF WILD AND
CAPTIVE REPTILES IN CROATIA
Habus J*1, Lukac M1, Horvatek Tomic D1, Stritof Z1, Mojcec Perko V1, Milas Z1,
Staresina V1,Turk N1
1
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Background: Leptospirosis is one of the most widespread zoonosis that can
aﬀect all groups of vertebrates. However, our knowledge of the role of rep les
in the epidemiology of leptospirosis is s ll scarce (Mine e 1983, Oliveira et al.
2016). The aim of this study was to determine the prevalence of leptospiral
an bodies in wild and cap ve rep les and to use the obtained data to facilitate
the study design for future research on this topic.
Methods: Fi y‐six blood samples of rep le species including 3 corn snakes
(Pantherophis gu atus), 2 lizards (Pogona vi ceps and Iguana iguana), 34 slider
turtles (Trachemys scripta) and 16 Loggerhead sea turtles (Care a care a) were
tested by Microscopic Agglu na on Test (MAT). MAT was performed using a
panel of 12 Leptospira spp. serovars.
Results: An bodies against six diﬀerent Leptospira spp. serovars were detected
in 12 (21.8%) animals: corn snake, green iguana and 10 slider turtles. The most
frequently detected reac ons were against serovars Saxkoebing and Tarassovi
at tres ranging from 1:50 to 1:400. Titre of 1:3200 against serovar Saxkoebing
(followed by cross reac on to 9 other serovars in lower tres) was detected in a
corn snake. A sample taken from the same animal a year later showed a posi ve
reac on for the same serovar(s) in tres up to 1:100.
Conclusions: This study confirms that inves gated free living and cap ve
rep les of several species were exposed to Leptospira spp. Their exact role in
epidemiology of infec on as well as the dynamics of the infec on in rep le
species remains to be further inves gated.
References
Mine e HP. Leptospirosis in poikilothermic vertebrates. A review. Int J Zoonoses, 10(2):111‐121,
1983.
Oliveira JP, Kawanami AE, Silva ASL, Chung DG, Werther K. Detec on of Leptospira spp. in wild
Phrynops geoﬀroanus (Geoﬀroy’s side‐necked turtle) in urban environment. Acta Trop, 164:165‐168,
2016.
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ASSOCIATION BETWEEN LEPTOSPIRA SPP. SEROVARS HARDJOBOVIS AND
POMONA AND PREGNANCY AND ABORTION IN NEW ZEALAND FARMED DEER.
Patel KK1, Howe L2, Heuer C2 Asher GW3, Wilson PR2
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Background. This study inves gated associa on between Leptospira serovars
Hardjobovis and Pomona and pregnancy and mid‐term abor on in New Zealand
farmed deer.
Methods. Rising two‐year‐old (R2) and mixed‐age (MA) hinds from 87 and 71
herds, respec vely, were scanned early in gesta on (Scan‐1) and a subsample re
‐scanned (Scan‐2) 55‐89 days later. Blood from pregnant, non‐pregnant and
abor ng hinds was tested by the Microscopic Agglu na on Test for serovars
Hardjobovis and Pomona. Tissues from fetuses and/or uteri from abor ng, non‐
pregnant, pregnant and non‐lacta ng hinds at weaning were PCR tested. Data
were analysed for associa on with pregnancy and abor on.
Results. At Scan‐1, 47.5% of R2 and 37.7% of MA hinds were sero‐posi ve for
Hardjobovis and 1.9% and 9.5% for Pomona, respec vely. There was no
associa on between Hardjobovis or Pomona sero‐status and non‐pregnancy at
animal level. Titres were higher (P=0.015) for Pomona in pregnant than non‐
pregnant MA hinds. At Scan‐2 there was no associa on between Hardjobovis or
Pomona sero‐status and abor on at animal‐level. Within‐herd sero prevalence
of Hardjobovis and Pomona at Scan‐2 was not associated with abor on. R2 and
MA hinds from herds with aborted hinds were less (P<0.0001) and more
(P<0.0001) likely, respec vely, to be sero‐posi ve for Hardjobovis than those
without aborted hinds. In herds with aborted hinds, Hardjobovis tres were
higher in non‐aborted than aborted MA hinds and similarly for Pomona in R2
hinds. No fetal or uterine samples were PCR posi ve.
Conclusions. Findings suggest that Leptospira Hardjobovis and Pomona are not
associated with sub‐op mum pregnancy or abor on rates in New Zealand
farmed deer.
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URINE SHEDDING OF PATHOGENIC LEPTOSPIRA SPP. IN CATS IN SOUTHERN
CHILE
Dorsch R*1, Salgado M2, Mon G2, Avilez C2, Collado B2, Tomckoviack C2, Tejeda
C2, Müller‐Pareira A3, Ojeda J3, Hartmann K1
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Background: A er experimental infec on, cats can intermi ently shed
pathogenic Leptospira spp. via the urine for several weeks (Larsson et al., 1985).
So far, shedding of pathogenic Leptospira spp. in naturally infected cats has only
been documented in few countries. Reported prevalence range from 3.3%
(Germany) (Weiss et al. 2016) to 67.8% (Taiwan) (Chan et al., 2014). The climate
in Southern Chile is temperate, with high annual precipita on which represents
ideal precondi ons for survival of Leptospira spp. in the environment. The aim
of the study was to determine the propor on of outdoor cats shedding
pathogenic Leptospira spp. in Southern Chile.
Methods Urine and blood samples from 236 outdoor cats from rural and urban
areas were collected. Urine samples were inves gated for pathogenic Leptospira
spp. by Immune magne c concentra on followed by real me PCR targe ng the
LipL32 gene. Urine samples were cultured in Ellinghausen‐McCullough‐Johnson‐
Harris medium at 29 °C for 13 weeks. Posi ve urine cultures were confirmed by
PCR.
Results: Of all 231 urine samples, 30 (13.0%; 95% confidence interval (CI): 8.7‐
17.3%) were PCR‐posi ve with a median of 288,000 genomic equivalents/ml
(IQR 2,145‐614,500; range 5 to 9,440,000). At me of abstract submission, 2/81
(2.5%; 95% CI: 0.5‐4.5%) urine samples were culture‐posi ve.
Conclusions: Outdoor cats in Southern Chile shed pathogenic Leptospira spp.
and can be a possible source of infec on for humans, dogs, and livestock
animals. Further inves ga ons are necessary for molecular characteriza on of
iden fied organisms.
References
Chan, K., Hsu, YH, Hu, WL, Pan, MJ, Lai, JM, Huang, KC, Chou, SJ. Serological and PCR detec on of
feline leptospira in southern Taiwan. Vector Borne Zoono c Dis 14, 118‐123, 2014.
Larsson, CE, Santa Rosa, CA, Larsson, MH, Birgel, EH, Fernandes, WR, Paim, GV. Laboratory and
clinical features of experimental feline leptospirosis. Int J Zoonoses 12, 111‐119, 1985.
Weis S, Re nger A, Bergmann M, Llewellyn JR, Pantchev N, Straubinger RK, Hartmann K. Detec on
of Leptospira DNA in urine and presence of specific an bodies in outdoor cats in Germany. J Feline
Med Surg 19(4):470‐476, 2016.
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POSSIBLE INTERFERENCE IN DIAGNOSTIC TESTS FOR BRUCELLOSIS IN SHEEP
RECENTLY VACCINATED AGAINST LEPTOSPIRA SPP.
Adams C1, Shum I1, Urieli A1, Ridler A1, Wilson P1 and Vallee E1*.
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Massey University, Palmerston North, New Zealand

Background: In New Zealand sheep, Brucella ovis control is by a voluntary
accredita on scheme. The complement fixa on test (CFT) is used rou nely for
screening, while the ELISA is used as a confirma on test. De Faria Naves et al.
(2012) showed that ca le were at risk of false reac on to Brucella abortus tests
for up to two months a er Leptospira spp. vaccina on. Ovine leptospirosis is
widespread in New Zealand, but Leptospira spp. vaccina on is yet to be widely
adopted by sheep farmers. Possible interference with screening for other
diseases should be factored into best prac ce vaccina on recommenda ons.
Methods: Blood samples were collected from 52 sheep vaccinated with a
commercial bivalent Hardjo‐Pomona vaccine, and from 51 unvaccinated sheep
on a commercial farm with low B. ovis risk. Samples were tested by CFT and
ELISA for B. ovis, and by microscopic agglu na on test (MAT) for Leptospira
serovars Hardjo and Pomona at days 0, 44 and 66 a er vaccina on. The
propor on B. ovis posi ve were compared with MAT and vaccina on status
using Paerson’s Chi‐square or Fisher’s exact tests.
Results: By day 66, 85% of sheep were posi ve for Hardjo and/or Pomona,
including naturally exposed unvaccinated sheep. None were posi ve by CFT, but
16 were “equivocal” on ELISA at day 44. There was no significant associa on
between ELISA result and MAT or Leptospira spp. vaccina on status.
Conclusion: There is low probability that a Leptospira spp. vaccina on program
aﬀects B. ovis accredita on when the CFT is used for rou ne screening for B.
ovis in sheep.
References
de Faria Naves, J.H.F., Rezende, L.M., Ramos, L.M., Soares, G.C., Tavares, P.M., Franca, A.M.S.,
Neves, S.M.n., Silva, N.A.M., Lima‐Ribeiro, A.M.C., 2012. Interference in diagnos c tests for
brucellosis in ca le recently vaccinated against leptospirosis. Journal of Veterinary Diagnos c
Inves ga on 24, 283‐287
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SERO‐PREVALENCE OF LEPTOSPIRA IN HORSES IN NEW ZEALAND
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Background: Although the prevalence of Leptospira exposure in pastoral
livestock in New Zealand has been well described [1; 2], the role of horses in the
epidemiology of Leptospira in New Zealand is poorly understood. The objec ves
of this pilot study were to determine the sero‐prevalence of Leptospira in a
cohort of horses and collect horse‐ and property‐level informa on to evaluate
poten al risk factors for Leptospira exposure in horses in New Zealand.
Methods: This cross‐sec onal study u lized a convenience sample of 499 horses
from 25 commercial proper es in the North Island, New Zealand. A
ques onnaire gathered demographic data on horses, and property‐level
informa on on grazing and management prac ces, pest (rodent) management,
access to natural waterways, other livestock on the property and possible
contact with wildlife. The microscopic agglu na on test was used to test sera
for serovars Pomona, Hardjobovis, Ballum, Copenhageni and Tarassovi.
Results: The sero‐prevalence of Pomona, Hardjobovis, Ballum, Copenhageni and
Tarassovi was 13% (95%CI 10‐16), 9% (95%CI 7‐12), 12% (95%CI 9‐15), 22% (95%
CI 18‐26) and 15% (12‐18%), respec vely, at a cut‐oﬀ of ≥1:25 and 6% (95%CI 4‐
8), 6% (95%CI 4‐8), 5% (95%CI 3‐7), 9% (95%CI 7‐12) and 6% (95%CI 4‐8),
respec vely, at a cut‐oﬀ of ≥1:50. An body tres ranged from 25 to 6400, 3200
and 12800 for Pomona, Ballum and Hardjobovis, respec vely. Results of risk
factor analysis will be presented.
Conclusions: This study provided baseline data on the sero‐prevalence of
Leptospira in the commercial equine popula on. More extensive data are
required to be er understand the epidemiology of Leptospira in the general
horse popula on in New Zealand.
Submission for Poster abstract
References
[1] Fang, F., Collins‐Emerson, J.M., Cullum, A., Heuer, C., Wilson, P.R. and Benschop, J. (2015).
Shedding and Seroprevalence of Pathogenic Leptospira spp. in Sheep and Ca le at a New Zealand
Aba oir. Zoonoses Public Health 62, 258‐268.
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pa erns, an body half‐life and shedding in urine of Leptospira spp. in naturally exposed sheep. New
Zealand Veterinary Journal 63, 301‐312.
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VERTICAL AND HORIZONTAL TRANSMISSION OF PATHOGENIC LEPTOSPIRA IS
NEWBORN AND NEONATAL CALVES
Valeska Leal1, Víctor Montes3, Oscar Alocilla 3, Carolina Avilez4, Carlos Tejeda4,
Miguel Salgado2 and Gustavo Mon 2
1*

Veterinary Sciences School, Universidad Austral de Chile
Preven ve Veterinary Ins tute, Universidad Austral de Chile
Phd Program in Veterinary Sciences, Universidad Austral de Chile
4
Infec ous Diseases Lab, Preven ve Veterinary Ins tute, Universidad Austral de Chile
2
3

Background. The objec ve was to assess ver cal and horizontal transmission of
pathogenic leptospira in bovines during the first weeks of life.
Methods. A longitudinal observa onal study was conducted using 77 calves
penned inside, in a commercial dairy herd. Calves were sampled within five days
a er birth, 7 ± 3 days and 14 days ± 3 later. On each occasion, blood and urine
were collected. Serum was tested using the MAT that tested a panel of 6
serovars, and urine by RT‐PCR. The infec on status of the dam was defined
using urine PCR and MAT 6 month prior to parturi on. An infected calf (IC) was
determined as one when a urine PCR (+) was present and a Born Infected Calf
(BIC) calf was determined as one with a urine PCR (+) test result within 7 days of
life.
Results. Forty‐nine percent of the calves were IC, 22.1% were BIC and 26.7%
were new infec ons during an early stage of life. The median bacterial load for
BIC was 51,000 GE/ml, Inter‐Quar le‐Range of 17,950 and for new cases 21,600
Genomic‐Equivalent/ml, Inter‐Quar le‐Range of 16,275.
Thirty percent of BIC were from MAT and PCR nega ve dams. None were from
MAT posi ve/PCR nega ve dams and 14.3% were from urine shedders dams not
significant (P=0.52).
Conclusions. There is evidence of ver cal transmission in bovines and there is
horizontal transmission during first weeks of life. Therefore, newborn calves
should be part of a sound control program.
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SPREAD OF PATHOGENIC LEPTOSPIRA WITHIN DAIRY CATTLE FARMS IN
CHILEAN DAIRY FARMS
Montes V1*, Mon G2, Avilez C3, Tejeda C3 ,Salgado M2
1

PhD program in Veterinary Sciences, Faculty of Veterinary Sciences, Universidad Austral de Chile,
Chile
2
Department of Preven ve Veterinary Medicine, Faculty of Veterinary Sciences, Universidad Austral
de Chile, Chile
3
Laboratory Infec ous Disease, Department of Preven ve Veterinary Medicine, Universidad Austral
de Chile, Chile

Background. Leptospirosis is a re‐emerging veterinary and public health
problem caused by diﬀerent pathogenic serovars of the genus Leptospira. The
aim of the study was to asses spread of pathogenic leptospira among ca le
within –farm in Chilean dairies.
Methods. A longitudinal observa onal field study during November 2014 to
March 2017 was performed on 6 farms (3 Vaccinate and 3 Unvaccinated), based
in their willingness to cooperate and background of leptospirosis. Urine samples
were taken 4 ‐ 5 mes in the year from adult (A) and young ca le (Y): from
vaccinated herds (n=206 A and 57Y) and from unvaccinated (n=133A and 13Y).
Samples were tested by a real me PCR targe ng the LipL32 gene. Crude and
specific incidence rates (IR) were es mated. A new case was defined as PCR (+)
for first me.
Results. Results are presented in Table 1
Rate

Crude IR

IR
(day‐animal‐
risk)
1/440

Young ca le

1/133

Adult ca le

1/503

95%CI

Not vaccinated herds
IR (95%CI)

Vaccinated herds
IR (95%CI)

(1/515;
1/384)
(1/205;
1/98)
(1/598;
1/434)

1/735 (1/1029;
1/572)
1/1564 (1/‐4051;
1/655)
1/698 (1/1008;
1/547)

1/338 (1/407; 1/290)
1/34 (1/54; 1/25)
1/421 (1/519; 1/354)

Conclusions. The evidence suggests that there is a higher transmission among
ca le in herds that vaccinate and among young ca le in comparison with adults.
Environmental and management characteris cs could influence the IR observed
in this study. Future studies should consider the evalua on of vaccina on as a
preven ve and control tool of this infec on.
Fondecyt # 1141070 funded the study.
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HERD PREVALENCE OF LEPTOSPIRA SEROVARS HARDJO AND POMONA IN
SOUTH‐WEST VICTORIA DAIRY HERDS IN 2017
Erregger E¹, Jagoe SP², Stevenson MA¹, Oswin S³, Beggs DS¹, Mansell PD¹, Pyman
MF¹
¹˟University of Melbourne, Melbourne, Australia
²Warrnambool Veterinary Clinic, Warrnambool, Australia
³Zoe s, Australia

Background: While previous studies of Leptospira borgpetersenii serovar Hardjo
in Victoria demonstrated a rela vely high prevalence of exposure in both ca le
(40%; Milner et al. 1980) and farm workers (22%; Sutherland 1988) these
es mates need to be revised since leptospirosis vaccina on programmes are
now commonplace on Victorian dairy farms.
Methods: This was a cross‐sec onal study to es mate the prevalence of
Leptospira sv Hardjo and sv. Pomona in 53 dairy herds in SW Victoria.
Par cipants were asked to present 15 late‐lacta on cows with fer lity issues.
Furosemide 500 mg was injected into the tail vein of eligible cows and a mid‐
stream urine sample of the second voiding collected. Par cipants completed a
ques onnaire to obtain informa on about their herds and vaccina on
programs. Urine samples were pooled at herd level and tested for Leptospira
spp. using qPCR. Individual cow urine samples were tested for Leptospira Hardjo
and Pomona using serovar‐specific qPCR.
Results: Laboratory analyses are ongoing. Two of 51 pooled urine samples
returned posi ve, an apparent prevalence of 4 (95% CI 1 to 13) Leptospira‐
posi ve herds per 100 herds at risk. Based on the 53 completed ques onnaires,
1 completely unvaccinated, 18 fully vaccinated, and 34 non‐compliant
vaccinated herds (prevalence of 65 per 100 herds, 95% CI 46 to 90) were
iden fied.
Conclusions: The prevalence of Leptospira in our study herds was low, despite a
rela vely high prevalence of par cipants repor ng leptospirosis vaccina on
prac ces that were not 100% compliant. The 2 Leptospira‐posi ve pooled
samples were from vaccinated herds, however, they were run as open herds.
References
Milner, A., Wilks, C., 1980. The prevalence of an bodies to members of Leptospirosis interrogans in
ca le. Australian Veterinary Journal 56, 327 ‐ 330.
Sutherland AK; Surveys on human leptospirosis, AVA news 6, July 1988
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ON‐FARM RISK FACTORS OF LEPTOSPIRA ON NEW ZEALAND DAIRY CATTLE
FARMS
Yupiana Y, Vallee E, Weston J, Wilson PR, Collins‐Emerson J, Benschop J, and
Heuer C.
Ins tute of Veterinary, Animal and Biomedical Sciences

Background: Leptospira infec on in dairy ca le and leptospirosis in dairy farm
workers was common in New Zealand prior to introduc on of vaccina on in the
1980’s. A cross sec onal study was conducted from January‐April 2016 to
inves gate risk factors associated with Leptospira at farm‐level in New Zealand.
Methods: Two hundred dairy farms were randomly selected from a popula on
database. Twenty paired blood and urine samples were taken from adult cows
on each farm. Sera were tested using the Microscopic agglu na on test against
five endemic serovars (Hardjobovis, Pomona, Copenhageni, Ballum, Tarassovi)
with a cut point of ≥48 being posi ve. Urine was tested using quan ta ve real‐
me PCR (qPCR) using gyrB as the target gene. Using shedding as the outcome,
on‐farm risk factors were analysed by mul variable logis c regression.
Results: Animals on all but one farm had been vaccinated against Hardjobovis/
Ponoma, some also including Copenhageni. Of the 200 farms, 27% had at least
one shedding cow and 74% had one or more cows posi ve against Tarassovi.
Managing all milking cows on the farm as one mob, independent of herd size,
was likely to minimize the risk of a farm having shedders. Possum seen on the
farm increased the risk of shedding. Tarassovi was the only serovar with a strong
posi ve associa on with shedding.
Conclusions: The study has demonstrated that Tarassovi is the predominant
serovar associated with shedding and that possums may transmit Leptospira to
dairy cows in New Zealand. The risk of managing cows in several mobs is unclear
and warrants further study.
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RADIOLOGICAL AND NECROPSY FINDINGS IN DOGS WITH LEPTOSPIROSIS
PULMONARY HAEMORRHAGIC SYNDROME
Habus J*1, Gudan A1, Skrlin B1, Stritof Z1, Mojcec Perko V1, Hadina S1, Stevanovic
V1, Perharic M1, Mar nkovic K1, Huber D1, Milas Z1, Turk N1
1

Faculty of Veterinary Medicine, University of Zagreb, Zagreb, Croa a

Background: Severe manifesta ons of leptospirosis in dogs is usually associated
with icterus, impaired renal and/or hepa c func on and haemorrhage.
Leptospirosis pulmonary haemorrhagic syndrome (LPHS), is less known but an
emerging problem (Klopfleisch 2010). The objec ve of this work was to describe
radiological and necropsy findings of 14 dogs with confirmed LPHS.
Methods: Laboratory diagnosis was based on Microscopic agglu na on test (cut
oﬀ tre ≥ 1:800), blood polymerase chain reac on or isola on of Leptospira spp.
from blood or urine. Thoracic radiographs and necropsy findings of dogs with
confirmed LPHS were reviewed and compared.
Results: Serogroup Pomona was iden fied in 7/11 cases, in which the
presump ve serovar was determined. .Radiological findings revealed
re culonodular pulmonary opaci es in 11 dogs. In four, the en re lung was
aﬀected, while in seven, re culonodular pa erns were observed predominantly
in the caudodorsal lung field. In three dogs thoracic radiographs showed no
signs of hemorrhage. Necropsy revealed severe and diﬀuse pulmonary
haemorrhage aﬀec ng all lung lobes in all 14 animals. Histological evidence of
alveolar haemorrhage, alveolar hyaline membranes, mild alveolar wall necrosis
and scant infiltrates of neutrophils (mostly perivascular) was detected.
Conclusions: In Croa a, most LPHS cases in dogs were caused by serogroup
Pomona. Despite that necropsy findings in all cases revealed extensive
pulmonary haemorrhage, radiological pulmonary changes were not always seen
on the ini al or repeated radiographs. Results of this study indicate that dogs
with leptospirosis should be closely monitored as pulmonary haemorrhage may
occur and progress very rapidly.
References
Klopfleisch R, Kohn B, Plog S, Weingar, C, Nöckler K, Mayer‐Scholl A, Gruber AD. An emerging
pulmonary haemorrhagic syndrome in dogs: similar to the human leptospiral pulmonary
haemorrhagic syndrome? Veterinary medicine interna onal, 2010.
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SEROPREVALENCE OF LEPTOSPIRA SPP. IN HORSES OF DISTINCT CLIMATIC
REGIONS OF PUNJAB, PAKISTAN
Sohail ML1*, Khan MS2, Ijaz M2, Fa ma Z3, Naseer O1, Ahamad W2, Ahmad AS
1*

The Islamia University of Bahawalpur, Pakistan
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3
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Background: Leptospirosis is a zoono c disease which is globally distributed
among many domes c and wild animals (Hamond et al. 2016). In equines, it
causes uvei s, jaundice, and reproduc ve disorders (Bla et al. 2011). A cross‐
sec onal epidemiological study was conducted for the first me in Pakistan to
unveil the seroprevalence and to iden fy associated risk factors of leptospirosis
in dis nct clima c regions.
Methods: A total of 384 horse sera (n = 128 from each of three study areas) and
data on biologically plausible risk factors along with spa al loca ons were
collected from horses reared in Bahawalpur, Lahore, and Rawalpindi districts of
Punjab, Pakistan. Sera were subjected to double‐an gen sandwich enzyme‐
linked immunosorbent assay to analyze for LS‐IgG in horses. Chi‐square,
univariate analysis, and mul variate logis c regression were used to analyze the
data.
Results: Overall, seroprevalence in horses in Punjab was found to be 33.85%
(confidence interval [CI]: 29.13–38.83). Significant sta s cal diﬀerence in
prevalence (P < 0.05) was observed between study areas with highest
prevalence in Rawalpindi (40.62%; CI: 32.04–49.66), followed by Lahore
(38.28%; CI: 29.83–47.28), and lowest in Bahawalpur (22.65%; CI: 15.73–30.89).
Age, gender, living area, herd size, water source, rodents, flooding, feeding
management and prac ces, and usage of animals were the significant risk
factors associated with seroposi vity.
Conclusions: This study is first serological evidence of Leptospira in
equines leptospirosis and its associated risk factors in clima cally dis nct
regions of Punjab, Pakistan.
References
Hamond C, Pestana CP, Medeiros MA, Lilenbaum W. Genotyping of Leptospira directly in urine
samples of ca le demonstrates a diversity of species and strains in Brazil. Epi. Infec. 144(1):72‐75,
2016.
Bla S, Overesch G, Gerber V, Fre J. Hüssy D. Seroprevalence of Leptospira spp. in clinically healthy
horses in Switzerland. Schweizer. Archiv. Tierheilkunde. 153(10):449‐456,2011.
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SURVEY FOR ANTI‐LEPTOSPIRA ANTIBODIES IN COATIS (NASUA NASUA) AND
CAPUCHIN MONKEYS (SAPAJUS NIGRITUS) IN PALMITAL MUNICIPALITY, SÃO
PAULO STATE, BRAZIL
Silva MARX1*, Fornazari F1, Teixeira CR1, Langoni H1
1

São Paulo State University (UNESP), Botucatu City, Brazil

Background: Leptospirosis is an emerging disease of global importance.
Domes c and wild animals can become carriers and spread the disease by
elimina ng leptospires through the urine. The present study aimed to
inves gate an ‐Leptospira an bodies in coa s (Nasua nasua) and capuchin
monkeys (Sapajus nigritus) living in the urban area of a small municipality in
Brazil.
Methods: The study was carried out in Palmital municipality, in which there is a
close contact between humans and the urban wildlife that lives in the city park,
mainly coa s and capuchin monkeys. This scenario can predispose to the
transmission of zoonoses, such as leptospirosis. Serum samples were collected
from 44 coa s and 24 monkeys and tested by the Microscopic Agglu na on Test
(MAT) using strains that included seven serogroups: Icterohaemorrhagiae (M20
and RGA), Canicola (Hond Utrecht IV), Autumnalis (Akyiami A ), Ballum (Mus
127), Cynopteri (3522 C), Sejroe (3705) and Australis (Ballico).
Results: Twenty‐two animals (32.3%) were posi ve for serogroups Australis
(n=20) and Autumnalis (n=2). Coa s had a higher frequency of posi ve animals
(n=18, 40.9%) compared to monkeys (n=4, 16.6%). The serological ters were
100 (n=18), 200 (n=2), 400 (n=1) and 800 (n=1).
Conclusions: The animals presented a high level of exposure to leptospires of
the Australis serogroup. Further studies are needed to determine the role of
these animals as reservoirs of leptospirosis, as well as the relevance of this
serogroup to public health.
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HEALTH ASSESSMENT OF FREE‐RANGING WILD MAMMALS INFECTED BY
LEPTOSPIRA SPP. IN BRAZIL
Fornazari F1*, Teixeira CR1, Marson PM1, Langoni H1
1
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Background: Leptospirosis has a great impact in animal health, but li le is
known about clinical disease in wildlife. The aim of this study was to evaluate
the health status of free‐ranging wild mammals infected by Leptospira in Brazil.
Methods: Blood and urine samples were collected from 309 animals of 16
species: Didelphis albiventris, Nasua nasua, Cerdocyon thous, Procyon
cancrivorus, Chrysocyon brachyurus, Lycalopex vetulus, Eira barbara, Galic s
cuja, Puma concolor, Sapajus nigritus, Lepus europaeus, Mazama gouazoubira,
Myrmecophaga tridactyla, Tamandua tetradactyla, Dasypus novencinctus and
Sphiggurus villosus. Serum was submi ed to the Microscopic Agglu na on Test
(MAT) using 800 as cut oﬀ ter, and urine was submi ed to quan ta ve PCR
(Fornazari et al., 2012). Leptospira infec on was defined as a posi ve result in at
least one of the tests. All animals were evaluated by physical exam, blood cell
count and hepa c/renal enzymes. As control group we randomly selected
animals nega ve in both tests, in the same propor on and diversity of species as
the posi ve group. Results were analysed through the Fisher’s Exact Test.
Results: Twenty five animals were posi ve, 17 in PCR and 8 in MAT. None were
posi ve for both tests. Clinical abnormali es were recorded in four posi ve
animals: low body score (n=1), increased levels of bilirubin, AST and ALT (n=2)
and leucocytosis with neutrophilia (n=1). No diﬀerence was observed between
posi ve animals and control animals (P=0.99).
Conclusions: Clinical abnormali es were detected in wild mammals infected by
Leptospira. However, it was not possible to confirm the associa on between
these findings.
References
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LSA46 AND LSA77 ARE POTENTIAL VACCINE CANDIDATES AGAINST
LEPTOSPIROSIS
Nascimento ALTO1* , Fernandes LGV 1,2, Souza GO3, Filho AS3, Heinemann MB3,
Vasconcellos SA3 and Teixeira AF1
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Background: Leptospirosis is a major public health problem caused by
pathogenic Leptospira. The available vaccines induced short‐term immunity and
protect only against the serovars included in the prepara on. The produc on of
a cost‐eﬀec ve vaccine is long being pursued. This study aims to evaluate the
immunoprotec ve poten al of Lsa46 and Lsa77 proteins individually or
combined, with Alum adjuvant.
Methods: The recombinant proteins Lsa46 and Lsa77 were purified by aﬃnity
chromatography under denaturing condi ons. Hamsters (8) were immunized
with 50 µg of purified recombinant proteins in 10% Alhydrogel. A er
immuniza on, hamsters were challenged with 1x104 virulent leptospires. (log
phase). Animal serum samples were collected 2 weeks a er each immuniza on
(15 and 30 days), and total IgG, IgG1 and IgG2/3 subtypes were measured by
ELISA. Log‐rank test was used to compare survival curves among experimental
groups.
Results: The recombinant proteins were purified by aﬃnity chromatography and
confirmed by Western blots probed with polyclonal an serum raised in
hamsters against the proteins. The immune response was predominant Th2‐,
Th1‐ and Th1‐biased in serum of animals inoculated with Lsa46, Lsa77 and
Lsa46+Lsa77, respec vely. Immunoprotec on evalua on of recombinant
proteins followed by challenge with virulent leptospires showed that both
proteins conferred par al protec on. However, animals immunized with Lsa77
exhibited reduc on in renal coloniza on when compared with Lsa46. The
protec ve eﬀect of immuniza on with Lsa46 and Lsa77 were synergis c: an
increased level of protec on with reduced kidney bacterial coloniza on was
observed compared to animals immunized with either Lsa46 or Lsa77 alone.
Conclusions: The results indicate that Lsa46 and Lsa77 are poten al vaccine
candidates against Leptospira and worth further inves ga on.
References
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PATHOGENICITY OF LEPTOSPIRA STRAINS IN SOUTHWESTERN INDIAN OCEAN
Cordonin C1*, Roche M1, Bascands JL2 ,Mavingui P1, Tortosa P1
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Background: Southwestern Indian Ocean islands shelter a large diversity of
pathogenic leptospires including introduced and endemic lineages responsible
for acute human cases. On Reunion Island, leptospirosis‐associated morbidity is
high and caused by a single likely introduced Leptospira species 1. By contrast,
morbidity is lower on Mayo e where the disease is mostly caused by indigenous
bacterial species 2,3. In this study, we focused on 3 strains of leptospires: an
introduced strain (Leptospira interrogans) and two indigenous strains (L.
mayo ensis isolated from tenrecs on Mayo e and L. borgpetersenii isolated
from bats in Madagascar).
Methods: Six to 8‐week‐old hamsters were inoculated intraperitoneally with
2.108 leptospires and were monitored for 4 weeks. Urine was sampled each day,
hamsters were sacrificed at the end of the experiment and organs collected.
Bacterial load was measured in all samples and histological analyses were
performed on organs to evaluate ssue damage.
Results: Hamsters infected with L. interrogans died within a few days a er the
infec on while those infected with indigenous strains survived throughout the
experiment. Urine analyses showed a peak of excre on of L. interrogans in the
first 10 days following experimental infec on while the excre on of indigenous
Leptospira was much less important, as shown by the lower bacterial load in the
urine of hamsters. Histological analyses showed more significant renal damage
caused by L. interrogans than indigenous L. mayo ensis and L. borgpetersenii.
Conclusions: Leptospira interrogans is more pathogenic than indigenous strains
in our hamster model. Genomic analyses are currently in process in order to
determine the gene c factors involved in this diﬀeren al pathogenicity.
References
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CRYOPRESERVATION OF STRAINS OF LEPTOSPIRA SPP., A SOLUTION TO
MAINTAIN OUR COLLECTION.
Baños Paiﬀer N.
Finlay Ins tute of Vaccines. Havana, Cuba.

Background: A stable and well characterized supply of strains as raw material is
essen al for the produc on of bacterial vaccines. A suitable and eﬀec ve
conserva on method will ensure that the strains retain their proper es
(viability, purity and gene c stability), thus preserving the homogeneity and
stability of the seed lots over me. The method used tradi onally is the
subculture with the risks involved. We describe the design of a methodology for
cryopreserving strains of Leptospira spp. and evalua ng their stability over me
against diﬀerent cryoprotec ve addi ves.
Methods: Serovars Canicola, Copenhageni and Mozdok were evaluated in a first
batch group. The second group was prepared 5 years a er the first and in
addi on the 23 reference serogroups of the collec on were conserved. All were
evaluated by purity tests, viability in EMJH medium (5‐7 days) and concentra on
by coun ng in Petroﬀ‐Hausser chamber, MAT Iden ty and DL50% virulence.
Batches were checked at 0, 4, 10 days, 3, 6, 12 months, 3, 5, 8 and 10 years of
storage.
Results: All strains remained pure, viable and virulent during the evaluated
period. The iden ty was not aﬀected. A er 6 years the viability decreased. It
saves a large number of experimental animals and lots of storage space.
Conclusions: The cryopreserva on method can be used at ‐700C, using Greave
as a cryoprotectant to make a seed lot of Leptospira strains and store them for a
period of 5 years without aﬀec ng their proper es. The method is also
economical.
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VWA PROTEINS: THE HEMORRHAGE INDUCERS OF LEPTOSPIRA INTERROGANS
BY COMPETITIVE INHIBITION OF HUMAN VWF‐MEDIATING PLATELET
AGGREGATION
Jia‐Qi Fang1, Ai‐Hua Sun2, Wei‐Lin Hu1, Xu’ai Lin1, Jie Yan1*
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Background: Hemorrhage is the typical histopathological change of
leptospirosis. Combina on of von Willebrand factor (vWF) with platelet GPIbα
receptor is known as the ini al step of human platelet (Hu‐platelet) aggrega on.
The products of vwa‐I and vwa‐II genes of L. interrogans had been annotated as
the vWF‐region‐A domain‐containing proteins, but their hemorrhage‐inducing
ability remain unknown.
Methods: Hu‐platelet‐ and Hu‐GPIbα‐binding ability of the recombinant
products (5 μg) of vwa‐I and vwa‐II genes (rLep‐vWA‐I and rLep‐vWA‐II) was
detected by flow cytometry, Surface plasmon resonance (SPR) and isothermal
tra on calorimetry (ITC). Hu‐platelet aggrega on‐associated kinases and
molecules were detected by Western Blo ng, spectrophotometry and confocal
microscopy. GPIbα‐binding sites in rLep‐vWA‐I and rLep‐vWA‐II were
determined by point‐muta on and SPR/ITC detec on.
Results: rLep‐vWA‐I and rLep‐vWA‐II could bind to Hu‐platelets and inhibit vWF‐
/ristoce n‐induced Hu‐platelet aggrega on, but the binding or inhibi on was
blocked by Hu‐GPIbα‐IgG or rLep‐vWA‐I‐IgG/rLep‐vWA‐II‐IgG. SPR and ITC
revealed the powerful Hu‐GPIbα‐binding ability of rLep‐vWA‐I and rLep‐vWA‐II
with the KD values of 3.87×10‐7‐8.65×10‐8 M. Binding of rL‐vWA‐I or rL‐vWA‐II
with Hu‐platelets did not ac vate PI3K/AKT‐PKG‐p38MAPK‐ERK and PLC/PKC, or
aﬀect NO, cGMP, Ca2+ and TXA2 levels. Gly13, Gly47 and Arg36 in Lep‐vWA‐I, and
Gly76 and Gln126 in Lep‐vWA‐II acted as the main Hu‐GPIbα‐binding sites.
Conclusions: vWA‐I and vWA‐II proteins of L. interrogans are the hemorrhage
inducers by compe ve inhibi on to interfere the vWF‐media ng platelet
aggrega on.
References
Haake DA, Leve PN. Leptospirosis in humans. Curr Top Microbiol Immunol. 387(1):65‐97, 2015.
Ruggeri ZM. Structure and func on of von Willebrand factor. Thromb Haemost. 182(2):576‐584,
1999.
Li Z, Delaney MK, O’Brien KA, Du X. Signaling during platelet adhesion and ac va on. Arterioscler
Thromb Vasc Biol. 30(12): 2341‐2349, 2010
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PATHOGEN‐HOST INTERACTION: ROLE OF MACROPHAGES IN LEPTOSPIRAL
INFECTION OF KIDNEYS
Li‐Fang Chou*, Huang‐Yu Yang, Ming‐Yang Chang, Shen‐Hsing Hsu, Chung‐Ying
Tsai, Yi‐Ching Ko, Chiung‐Tseng Huang, Ya‐Ting Jhuang, Ya‐Chung Tian, Cheng‐
Chieh Hung, Chih‐Wei Yang
Kidney Research Center, Chang Gung Memorial Hospital, Linkou, and College of Medicine, Chang
Gung University, Taoyuan, Taiwan

Background: Leptospirosis, a re‐emerging infec ous disease, caused by
Leptospira spp. leads to kidney damage. Macrophages, a component of the
phagocy c system, are widely considered important sources of proinflammatory
cytokines and injurious mediators in the diseased kidneys. However, the impact
of macrophages on renal failure associated with leptospiral infec on is unclear.
In this study, we examined the phenotypic and func onal characteris cs of
macrophages in leptospiral infec on.
Methods: We established an in vitro model of murine bone marrow‐derived
macrophages (BMDMs) s mulated with macrophage colony‐s mula ng factor
and infected with pathogenic/non‐pathogenic Leptospiral spp. to examine the
eﬀect on macrophage phenotype and apoptosis. Moreover, func onal studies of
BMDMs infected with leptospires were performed by evalua ng phagocy c
ac vity and macrophage polariza on. Finally, the ac vated phenotype (classical
M1 and alterna ve M2) of macrophages was examined in murine kidneys a er
leptospiral infec on using immunofluorescence staining.
Results: No diﬀerences were observed in cellular morphology, apoptosis and
phagocy c ac vity between pathogenic and non‐pathogenic Leptospira spp. in
infected BMDMs. Furthermore, we evaluated the eﬀect of Leptospiral spp. on in
vitro M1/M2 macrophage polariza on. Results show that 80% M1 for L
interrogans infec on vs 61% M1 for L. biflexa infec on, indica ng a higher
ability of classical M1 ac vated macrophages on BMDMs infected with
pathogenic leptospires. M1 macrophages were also observed in kidneys from L.
interrogans‐infected mice.
Conclusions: M1 macrophages were detected in the injured kidneys caused by L
interrogans infec on and BMDMs infected with Leptospira spp. We suggest that
M1 macrophages play a pathogenic role in renal injury caused by leptospiral
infec on.
References: Li S, Li P, Zhang L, et al. The role of reac ve oxygen intermediates in the intracellular
fate of Leptospira interrogans in the macrophages of diﬀerent hosts. PLoS One. 12:e0178618, 2017
Xue F, Zhao X, Yang Y, et al. Responses of murine and human macrophages to leptospiral infec on: a
study using compara ve array analysis. PLoS Negl Trop Dis. 7:e2477, 2013
Wang Y, Wang YP, Zheng G, et al. Ex vivo programmed macrophages ameliorate experimental
chronic inflammatory renal disease. Kidney Int. 72:290‐9, 2007

242

ID 85032—Group2—Session 6—Poster 31

DO HUMAN SERUM FACTORS PROTECT ENDOTHELIAL CELLS AGAINST
PATHOGENIC LEPTOSPIRA?
Narmada Fernando1*, Shiroma Handunne
Premawansa3, Senaka Rajapakse4
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Background: Non‐immune human sera are known to be have leptospiricidal
ac vity against saprophy c species (Banfi etal, 1982) but not against pathogenic
leptospires. Leptospira interrogans is capable of directly damaging human
macrovascular endothelial cells (Handunne et al, 2015). The aim of this study
was to assess the poten ality of human sera in protec ng endothelial cells from
pathogenic leptospires.
Methods: Human macrovascular endothelial cells (EA.hy926; MECs) were
exposed to L. biflexa and L. interrogans at 1.0 of mul plicity of infec on for 1‐6
h with and without the presence of sera from healthy controls, mild and severe
leptospirosis pa ents (n=20/group) (Fernando, 2016). At the end of each
incuba on period, viability and overall cell func on were measured using
sulforhodamine B assay (Samarakoon et al, 2010) and MTT assay (Oka et al,
1992) respec vely.
Results: A er 6 h of interac on with L. biflexa and L. interrogans, there were
10% and 87% reduc on in viability of MECs respec vely. Percentage reduc on
of overall cell func on was 22% and 86% respec vely. Interes ngly, in the
presence of all three groups of sera, MEC viability was similar and comparable to
control. Overall cell func on of MECs in the presence of sera showed 22‐35 %
and 15‐22% increase following interac ons with L. biflexa and L. interrogans
respec vely.
Conclusions: No significant change in viability and overall cell func on of MECs
in the presence of serum may reflect a protec ve role of serum factors on MECs
against exposure with pathogenic Leptospira.
References :Banfi, E., Cinco, M., Bellini, M., and Soranzo, M.R. (1982). The role of an bodies and
serum complement in the interac on between macrophages and leptospires. Journal of general
microbiology 128, 813‐816
Fernando N, Studies on factors contribu ng to pathogenesis of severe leptospirosis in Sri Lanka
(Doctoral Disserta on), 2016, Ins tute of Biochemistry, Molecular Biology and Biotechnology,
University of Colombo, Sri Lanka
Handunne S, Fernando N, Rajapakse S, et al. The role of neutrophils in the interac on between
pathogenic Leptospira and vascular endothelial cells, 9th Interna onal Leptospirosis Society Scien fic
Mee ng 2015, Semarang, Indonesia; pp 101
Oka M, Maeda S, Koga N, Kato K, Saito T. A modified colorimetric MTT assay adapted for primary
cultured hepatocytes: applica on to prolifera on and cytotoxicity assays. Bioscience,
Biotechnology, and Biochemistry 1992;56:1472‐3
Samarakoon SR, Thabrew I, Galhena PB, et al, comparison of the cytotoxic poten al of
standardized aqueous and ethanolic extracts of a polyherbal mixture comprised of Nigella sa va
(seeds), Hemidesmus indicus (roots) and Smilax glabra (rhizome). Pharmacognosy Research
2010;2:335‐42
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DEVELOPMENT OF WHOLE INACTIVATED MONOVALENT AND BIVALENT
VACCINES FOR LEPTOSPIROSIS APPLICABLE IN THE PHILIPPINE SETTING
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Background: This study aimed to develop Leptospira vaccines based on 2 of the
most prevalent serovars circula ng in the Philippines and their safety,
immunogenicity and eﬃcacy were determined. Imported vaccine containing 2
serovars was also tested for eﬃcacy against the 2 prevalent serovars in the
Philippines.
Methods: Leptospira vaccines containing 2 serovars specific to the Philippine
se ng were inac vated and monovalent and bivalent vaccines used to
immunize 4‐6 week old hamsters (5/group), tested for safety, immunogenicity
and eﬃcacy against homologous and heterologous leptospiral serovar
challenges. Safety parameters included body weight monitoring, physical and
behavioural changes of the hamsters. Immunogenicity of the vaccines was
tested using MAT. Eﬃcacy was tested using survival rates and histopathologic
changes among those exposed to homologous and heterologous leptospiral
challenges. Gross and histo‐pathological changes in organs of hamsters were
observed upon death or at necropsy and flab PCR performed on blood, urine
and organs.
Results: The 2 monovalent and 1 bivalent vaccines were found to be safe and
elicited an bodies against the infec ng serovars. The vaccines protected
against the homologous, but NOT heterologous serovars. Survival rates of
hamsters vaccinated and challenged with the homologous serovar were 100%
and zero to 60% on heterologous challenge. The internal organs, blood and
urine of hamsters vaccinated and challenged with the homologous serovars
were nega ve on culture, organs revealed no gross or histopathologic changes,
and were nega ve for flaB DNA. Organs of vaccinated hamsters challenged with
heterologous serovars were culture and flaB DNA posi ve. In all experiments,
unvaccinated hamsters did not survive any of the challenges, and yielded
posi ve culture results, and were posi ve for flaB DNA. Hamsters immunized
with L2 vaccines containing Canicola and Icterohemorrhagiae survived the
homologous challenge, but not the heterologous challenge with local serovars.
Conclusions: The vaccines we developed containing 2 serovars prevalent in our
se ng protected hamsters against the homologous, but not heterologous
Leptospira infec on. The imported leptospira vaccines cannot protect against
the most prevalent serovars in our country.
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ALTERED REACTIVE NITROGEN SPECIES PRODUCTION, NF‐ΚB EXPRESSION IN
PHAGOCYTES AND SEVERITY OF LEPTOSPIROSIS INFECTIONS
Shiroma Handunne 1*, Narmada Fernando1, Sanjika Milhani1, Daniya Edward1,
Lilani Karunanayake2, Sunil Premawansa3, Senaka Rajapakse4
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03,
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3Faculty of Science, University of Colombo, Colombo 03,
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Background: Altered Reac ve Nitrogen Species (RNS) produc on has been
reported during infec ons (Kalugalage et al, 2013) and decreased/ excess
produc on can result in inadequate RNS levels followed by cell dysfunc on or
cell and ssue damage through oxida ve stress respec vely leading to severe
leptospirosis. Aims of this study were to determine serum RNS levels of
leptospirosis pa ents, to assess RNS produc on and NF‐κB expression in
phagocytes from healthy individuals in response to Leptospira.
Methods: Griess assay was used to measure the serum RNS levels (Guneratne et
al., 2012). Dextran sedimenta on method was used to isolate phagocytes from
whole blood collected from healthy donors with no history of leptospirosis
(Wickramasinghe et al., 2014). NF‐κB expression was assessed using reverse
transcriptase PCR (Milhani, 2017).
Results: Severe leptospirosis pa ents had the highest serum RNS levels and mild
pa ents also had significantly elevated levels compared to healthy controls
(p=0.01). Phagocytes were exposed to L. interrogans serovar Pyrogenes and L.
biflexa serovar Patoc in vitro at diﬀerent mul plicity of infec ons (MOI from 0.5‐
10) and MOI 2.0 was selected. Mean RNS levels produced by L. biflexa‐
s mulated and L. interrogans‐s mulated phagocytes were significantly high
compared to uns mulated cells (p<0.05). Intensity of NF‐κB bands were as
follows: L. interrogans‐s mulated>L. biflexa‐s mulated>uns mulated cells.
Conclusions: RNS produc on was not inhibited in phagocytes exposed to varying
densi es of leptospires which shows that in vitro exposure to pathogenic
Leptospira had increased the produc on of RNS. The higher RNS levels detected
both in vivo and in vitro may suggest that they contribute to disease severity in
leptospirosis.
References : Gunaratna RI, Handunne SM, Bulathsinghalage MR. et al. Serum nitrite levels in Sri
Lankan pa ents with leptospirosis. Asian Pacific Journal of Tropical Medicine 2012;5:75‐8.
Kalugalage T, Rodrigo C, Vithanage T. et al. Low serum total nitrite and nitrate levels in severe
leptospirosis. BMC Infec ous Diseases 2013;13:206.
Milhani S, Assessment of RNS and ROS produc on by healthy phagocy c cells s mulated in vitro
with Leptospira (Masters Disserta on), 2016, Ins tute of Biochemistry, Molecular Biology and
Biotechnology, University of Colombo, Sri Lanka
Wickramasinghe R, Kumara RR, De Silva ED, Ratnasooriya WD, Handunne S. Inhibi on of
phagocy c and intracellular killing ac vity of human neutrophils by aqueous and methanolic leaf
extracts of Ixora coccinea. Journal of Ethnopharmacology 2014;153:900‐7.
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ROLE OF HTLR5 IN INNATE RECOGNITION OF LEPTOSPIRA
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Background: TLR2 and TLR4 are the well‐known receptors that are involved in
pathogenesis of leptospirosis. However, the role of TLR5 has never been
inves gated. Leptospiral flagellin (FlaB) contains an amino acid sequence that
might ac vate hTLR5. Therefore, the purpose of this study is to determine the
role of TLR5 in innate immune response to leptospiral infec on.
Methods: HEK‐Blue hTLR2, hTLR4 and hTLR5 were used to determine the innate
recogni on of L. interogans serovar Autumnalis and leptospiral FlaB. The role of
hTLRs was inves gated in the Human kidney epithelium (HK‐2). The mRNA
expression of pro‐inflammatory cytokine of leptospiral infected HK‐2 cells was
analyzed by qRT‐PCR. The an ‐hTLR2 and/or hTLR5 were used to confirm the
involvement of these TLRs.
Results: L. interogans serovar Autumnalis was recognized by hTLR2 and hTLR5
but not hTLR4. We further demonstrated that the leptospiral FlaB was the
cognate ligand of hTLR5. The mRNA expressions of IL‐8, TNF and IL‐1β in HK‐2
cells were reduced in the presence of an ‐hTLR2 but not an ‐hTLR5 an body.
Furthermore, the blockade of both hTLR2 and hTLR5 resulted in the reduc on of
pro‐inflammatory cytokine produc on in comparison to the blockade of hTLR2
alone.
Conclusion: Leptospiral FlaB was the ligand of hTLR5. The hTLR2 plays a major
role in innate inflammatory response to human leptospirosis. The blockade of
TLR5 alone could not reduce the cytokine expression in HK‐2 cell. This result
might be due to either minimal expression of hTLR5 in HK‐2 cell or the minor
role of TLR5 in kidney leptospirosis.
References:
Goris MGA, Wagenaar JFP, Hartskeerl RA, van Gorp ECM, Schuller S, Monahan AM, et al. Potent
Innate Immune Response to Pathogenic Leptospira in Human Whole Blood. PLoS One 2011; 6(3):
e18279.
Bhar AR, Nally JE, Ricaldi JN, Ma hias MA, Diaz MM, Love MA, et al. Leptospirosis: a zoono c
disease of global importance. Lancet Infect Dis 2003; 3: 757‐71
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IMMUNOGENICITY OF MULTIPLE SUBUNIT VACCINES CONTAINING
LEPTOSPIRAL FACTOR H‐BINDING PROTEINS IN HAMSTERS
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Background: Leptospirosis vaccine with a higher potency is currently required
for humans especially for high‐risk popula on. Several factor H‐binding proteins
(FHBPs) responsible for complement resistance have been characterized in
pathogenic leptospires (Cas blanco‐Valencia et al., 2012; da Silva et al., 2015;
Siqueira, Atzingen, de Souza, Vasconcellos, & Nascimento, 2016; Verma et al.,
2006). We aimed to determine immunogenicity of mul ple subunit vaccines
consis ng of 4 FHBPs; LigA domain 7‐13, LenA (or L A), LcpA, and Lsa23; in
hamsters.
Methods: Each four‐week old hamster (five hamsters per group) was immunized
subcutaneously with combined four recombinant FHBPs (20 micrograms each)
using 2 diﬀerent adjuvants, either LMQ (neutral liposome, MPL, and QS21) or
alum, for three mes at 2‐week intervals. Specific an bodies against each
vaccine an gen at 1 week a er the last immuniza on were measured by
enzyme‐linked immunosorbent assay.
Results: We found that only LigA domain 7‐13 and LenA were able to induce
specific an body produc on. An body levels against LigA domain 7‐13 and LenA
were significantly higher in hamsters immunized with the vaccine formula on
containing LMQ than in those immunized with the alum‐adjuvanted vaccine.
However, an body ters against LcpA and Lsa23 were not significantly higher
than those in the adjuvant control group.
Conclusion: The mul ple subunit vaccines composed of 4 FHBPs (LigA domain 7‐
13, LenA, LcpA, and Lsa23) with either LMQ or alum induced an body
produc on against only two vaccine an gens, LigA domain 7‐13 and LenA.
Therefore, immunogenicity of LcpA and Lsa23 needs to be enhanced for use in
the vaccine formula on in the future.
References : Cas blanco‐Valencia, M. M., Fraga, T. R., Silva, L. B., Monaris, D., Abreu, P. A., Strobel,
S., Barbosa, A. S. (2012). Leptospiral immunoglobulin‐like proteins interact with human complement
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A REVIEW ON LEADING CYTOKINES EVALUATED IN HUMAN LEPTOSPIROSIS
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Background: Several cytokines have been evaluated for their associa on with
leptospirosis infec on. Our aim was to find and review data related to the
leading cytokines evaluated.
Methods: We followed the Cochrane guidelines for systema c reviews.
PubMed, Trip, Science‐Direct, Cochrane‐Library, and Google‐Scholar were
searched for published literature on cytokine response among leptospirosis
pa ents. The reference lists of all retrieved ar cles were searched for addi onal
related ar cles.
Results: Altogether, 51 cytokines were studied in rela on to leptospirosis
infec on. TNF‐α (94%), IL‐10 (69%), IL‐6 (56%), IL‐8 (50%) and IFN‐γ (44%) were
the top five cytokines evaluated. Among mild and severe cases the mean of IL‐6
level ranged from 12‐112 pg/ml and 24‐849 pg/ml respec vely; It was 6‐1020
pg/ml and 3‐2245 pg/ml for IL‐8; 6‐1020 pg/ml and 8‐235 pg/ml for IL‐10; 130
pg/ml and 170 pg/ml for IFN‐γ (reported in only one study); 9‐103 pg/ml and 11‐
125 pg/ml for TNF‐α. A cytokine storm was noted in severe cases; IL‐6, IL‐8 and
IL‐10 being the most commonly implicated. A study demonstrates a peak
followed by a drop in levels of IL‐6, IL‐8 and IFN‐γ through 1‐15 days of severe
illness. However, IL‐10 and TNF‐α levels showed a progressive decline during the
same period. There was equivocal finding on the rela onship between IL‐10/TNF
‐α ra o and disease severity.
Conclusions: Diﬀerent pa erns of response were seen with the five cytokines in
focus in rela on to Leptospira infec on.
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MULTILOCUS SEQUENCE TYPING OF LEPTOSPIRA FROM CLINICAL ISOLATES IN
SRI LANKA
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Background: Leptospirosis is an endemic disease with a high case fatality and
wide spectrum of clinical manifesta ons and complica ons in Sri Lanka. It is
observed that the circula ng serovars/serogroups have changed over me with
the presence of Icterohaemmorrhagiae in 1960’s, Pyrogenes in 2012 and
Tarrassovi in 2015 by Microscopic Agglu na on Test. In the present study, we
compared clinical isolates of Leptospira spp. serogroups Icterhaemmorrhagiae,
Javanica, Autumnalis, Louisiana and Sejroe recovered during 1964‐1967 and
clinical isolates from recent years to assess the gene c diversity of isolates from
Sri Lanka.
Method: A total of 14 isolates were recovered between 2012 and 2014 from
leptospirosis pa ents and five isolates were characterized. Leptospira sero‐
group‐specific rabbit an sera were used for serotyping by Microscopic
Agglu na on Test. Phylogene c characterisa on was performed using
Mul locus Sequence Typing (MLST) as described by Ahmed N. et.al 2006.
Results: The serogroup classifica on revealed that four isolates were related to
serogroup Pyrogenes and one isolate to serogroup Autumnalis. Phylogene c
analysis showed that all isolates belonged to genomospecies Leptospira
interrogans. Four isolates were closely related to serovar Weerasinghe of the
Autumnalis serogroup which was isolated from a pa ent in 1965 from Sri Lanka,
and one isolate was closely related to serogroup Australis reported in 1934 from
Australia.
Conclusion: Although we observed a change in the circula ng serovars/
serogroups over me, gene c similarity of the strains belonging to diverse
serovars is seen within the country. This data will be useful for epidemiological
surveillance and control of leptospirosis in Sri Lanka.
References
Karunanayake L, Karunanayake SAAP, Perera KCR, Senarath U, Gunarathna HDNT, Peter D.
Demographic, Clinical and Bacteriological characteris cs of Human Leptospirosis in Sri Lanka: A
retrospec ve analysis. J Bacteriol Mycol. 2016: 3(2)
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Mul locus sequence typing method for iden fica on and genotypic classifica on of pathogenic
Leptospira species Annal. Clin. Microbio. Microbial 2006, 28 (5), doi:10.1186/1476‐0711‐5‐28
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MICROEVOLUTIONARY HISTORY OF LEPTOSPIRA INTERROGANS ON CRISPR‐
CAS INVENTORY
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Background: Leptospirosis is a bacterial zoonosis of worldwide concern and is
caused by pathogenic members of the genus Leptospira. The taxonomic
classifica on of this genus includes eight known pathogenic species that can be
further classified in one of over 230 serovars. Leptospira interrogans is the most
studied pathogenic species in this genus and to depict details about the
evolu on concerning its serovars, we surveyed their locus CRISPR. This locus has
been useful in obtaining a high‐resolu on typing and in depic ng
microevolu onary events in bacteria bearing this immune system.
Methods: CRISPR locus was predicted in the genome sequences of eight L.
interrogans serovars using PATRIC database. Then, CRISPR array was predicted
using CRISPRfinder, and the spacer sequences were compared using an in‐house
Perl script.
Results: All L. interrogans genomes analyzed possessed two loci of CRISPR‐Cas
system (type I‐B and type I‐C), both containing the two essen al genes of the
system (cas1 and cas2). In the CRISPR locus of type I‐B, we found evidence of
mobile elements of IS110 family flanking this locus, sugges ng that it was
laterally acquired. Compara ve analysis of CRISPR arrays of bacterial strains
classified in L. interrogans serogroup Sejroe showed dis nct gene c features
within others L. interrogans serovars.
Conclusions: This work summarizes the compara ve analysis of CRISPR‐Cas
system among serovars of L. interrogans. Analysis of CRISPR arrays allowed the
assessment of adap ve dynamics and microevolu onary aspects of L.
Interrogans serovars. Those elements may further contribute to our
understanding of the microevolu on of serovars in other leptospira species.
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INSIGHTS INTO GENETIC DISTANCES OF PATHOGENIC LEPTOSPIRA SPP. FROM
HUMANS,ANIMALS AND ENVIRONMENT USING MLVA‐GENOTYPES
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Background: Pathogenic strains of Leptospira spp. are disseminated through
urine of infected animals and/or reservoirs into the environment. Human and
animal vaccines are not available in many countries and are serovar specific. It is
very important to study the genotypes of pathogenic leptospiral strains,
since this allows knowing the current epidemiological scenario from endemic
countries and in high risk areas.
Methods: A total of 67 pathogenic Leptospira spp. strains were used in this
study. Genotyping using Mul ple Locus Variable‐number tandem repeat
Analysis (MLVA) was carried out. The discriminatory power of two sets of loci
(Set A: VNTRs 4, 7, 9, 10, 19, 23, 31 and Set B: VNTRs: 4bis, 7bis, 10bis,
Lb4, Lb5) was analyzed by Principal Coordinate Analysis (PCoA). This type
of analysis has not been previously applied to bacterial genotypes.
Results: According to the numbers of alleles found, it was possible to conclude
that the discriminatory power of the five (5) loci of VNTR Set B is higher than
that of the seven (7) loci of VNTR Set A. The discriminatory power of VNTR Lb5
and VNTR 31 is very high, since with one diﬀerent allele the genotypes
characterized in this study could be separated
Conclusions: In this study the use of PCoA was very helpful to analyze the
obtained pathogenic Leptospira spp. genotypes isolated from animals,
humans and the environment. This analysis gave a current results compared
with recent studies that include the evalua on of the discriminatory power of
VNTRs for genotyping of pathogenic Leptospira strains. The VNTR Lb5 and
VNTR 31 have the greatest power of discrimina on between serovars.
References
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Leptospira interrogans strains by Mul spacer Sequene Typing. J Clin Microbiol 52: 564‐571.
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From Humans, animals and environment using Mul ple Locus Variable‐number Tandem Repeat
Analysis (MLVA) Genotypes. Journal of Zoono c diseases and public health 1(1): 1‐8. Available
(h p://www.imedpub.com/zoono c‐diseases‐and‐public‐health/archive.php).
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LEPTOSPRIA INTERROGANS SEROVAR COPENHAGENI PROTEINS TARGETING TO
HOST MITOCHONDRIA
Akino Mercy C* and Natarajaseenivasan K
Department of Microbiology, Bharathidasan University, Tiruchirappalli, India

Background: Mitochondria have been iden fied as the target of an increasing
number of microbial proteins, which invade the cells during infec on, a process
that o en plays a crucial role in pathogenicity. Leptospira interrogans induces
cell death via necrosis or apoptosis, which contributes to pathogenicity and
immune escape of the pathogens (Navarre and Zychlinsky, 2000; Jin et al.,
2009).
Methods: L. interrogans serovar Copenhageni (GenBank Accession No. L14682)
whole genome data was retrieved from NCBI and predic ons of mitochondrial
targe ng proteins were performed by in silico analyses such as TMpred, VaxiJen
and MitoProt II–v1.101. The predicted proteins having high significance to target
host mitochondria were subjected to in vitro analysis to confirm localiza on and
mitochondrial membrane integrity. Addi onally cellular signals for apoptosis
and necrosis were analyzed.
Results: Computa onal analysis reveals that 281 out of 3659 leptospiral
predicted proteins are predicted to target host cell mitochondria. We
experimentally demonstrated that leptospiral HtrA1 and CHP colocalize with
host mitochondria. Cells treated with HtrA1 induced apoptosis in host cells in a
caspase‐dependent manner and also induced loss of the mitochondrial
membrane poten al (∆Ѱm) with release of cytochrome C. Apopto c cell death
occurred through TLR4‐dependent ROS produc on in HtrA1 treated
macrophage cells.
Conclusions: The delivery of eﬀector molecules into target host cells is an
emerging theme in bacterial pathogenicity. This study reveals that leptospiral
proteins could possibly be secretory, target host mitochondria and alter cellular
pathways, which is an important in virulence. These proteins may be the ideal
drug targets to control leptospirosis.
References
Navarre, W.W., and Zychlinsky, A. (2000) Pathogen‐induced apoptosis of macrophages: a common
end for diﬀerent pathogenic strategies. Cell Microbiol 2: 265–273.
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ISOLATION AND TYPING OF LEPTOSPIRA SPP. FROM URINE AND KIDNEY OF
NATURALLY INFECTED CATTLE IN URUGUAY
Zarantonelli L.1,2*, Nieves C.1, Buroni F.3, Suanes A.3, Salaberry X.3,Briano C.3,
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Varela G.4, Schelo o F.4, Fraga M.5, Riet Correa F.5 and Buschiazzo A.1
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Background. Leptospirosis is not only a public health issue, but also of
veterinarian concern as a leading cause of abor ons in ca le. Available vaccines
are based on killed bacteria. Choosing relevant circula ng serovars is key to
achieving eﬃcacious protec on, since diﬀerent variants do not cross‐react. No
repository of na ve Leptospira strains is currently available in the Uruguayan
public domain. The aim of this study was to isolate and type na ve strains of
pathogenic Leptospira infec ng ca le, and to generate a biobank instrumental
to guide the formula on of protec ve bovine leptospirosis vaccines.
Methods. Urine and kidney samples obtained from dairy and beef ca le were
inoculated in EMJH medium. Regular evalua on of cultures by dark‐field
microscopy was accompanied by strain isola on/purifica on eﬀorts. Typing was
achieved by PCR, analyzing mul ‐locus variable number of tandem repeats
(VNTR) profiles, and sequencing of 16S rDNA and secY genes. Serology‐based
serogroup classifica on was performed by MAT using reference an sera.
Results. 26 isolates of pathogenic Leptospira were obtained: L. interrogans
(n=14), L. borgpetersenii (n=7) and L. noguchii (n=5). 13 L. interrogans strains
belonged to serogroup Pomona, presump ve serovar Kennewicki; the L.
borgpetersenii isolates corresponded to serogroup Sejroe, presump ve serovar
Hardjo. Interes ngly, the L. noguchii isolates showed a larger variability, with
serogroups Pyrogenes, Australis and Autumnalis. Consistently, higher sequence
variability of secY was detected among L. noguchii strains.
Conclusions. These data will be valuable to guide eﬀec ve bovine leptospirosis
vaccine formula ons, no ng that most of the observed serovars are not
currently included in available vaccines in South America.
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DIVERSITY OF PATHOGENIC LEPTOSPIRA SUBTYPES IN RANONG PROVINCE,
THAILAND
Panadda Krairojanan1, Janjira Thaipadungpanit2, Prapaporn Srilohasin2, James
W. Jones1, Elizabeth W. Wanja1, Silas A. Davidson1,
1*
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Background: A leptospirosis outbreak occurred in Ranong Province, Thailand in
2012 with 402 reported cases, a substan al increase over the 47 cases reported
in 2011. Annually, Ranong has among the highest numbers of reported
leptospirosis cases in Thailand.
Methods: Surveillance of pathogenic Leptospira in rodent popula ons was
conducted in Ranong from 2013 through 2014. The KraBuri District had the
highest number of reported human cases in Ranong Province in 2012 so rodents
were trapped in six KraBuri sub‐districts targe ng neighborhoods/areas with
reports of human leptospirosis cases. Carriage prevalence was determined by
real‐ me PCR using the target LipL32 (McAvin et al., 2012). LipL32 posi ve
samples were subjected to single tube 16S rRNA gene nested PCR (Boonsilp et
al., 2011) and phylogene c sequence analysis. Total genomic DNA was extracted
from cul vable isolates. Subtyping of isolated Leptospira was performed by
mul locus sequence typing (MLST) (Boonsilp et al., 2013).
Results: Fi y of 490 (10.2%) trapped rodents were infected with L. interrogans
(50%), L. borgpetersenii (36%), or uniden fiable Leptospira (14%). MLST results
from twelve L. interrogans rodent isolates were simultaneously analyzed with
human isolates to determine sequence type distribu on among rodents and
humans. All twelve isolates from rodents were new subtypes in the same group.
One human isolate was also in that group.
Conclusions: The considerable diversity of L. interrogans subtypes circula ng
within small geographic areas among a variety of rodent hosts and humans
highlights the diﬃculty in managing successful leptospirosis diagnos cs,
surveillance and control eﬀorts in Thailand.
References :
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GENOMIC AND FUNCTIONAL ANALYSIS OF LEPTOSPIRA SANTAROSAI SEROVAR
SHERMANI LIPOPOLYSACCHARIDE/LIPID A: THE ROLE OF TLR2
Yi‐Ching Ko1, Li‐Fang Chou1, Shen‐Hsing Hsu1, Chiung‐Tseng Huang1, Yi‐Gen
Guo1 , Ming‐Jeng Pan2, Hsiang‐Hao Hsu1, Ming‐Yang Chang1, Huang‐Yu Yang1, Ya‐
Chung Tian1, Cheng‐Chieh Hung1, Chih‐Wei Yang1
1
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Background: In Taiwan, tubulointers al nephri s is a ributed to renal
leptospirosis caused by Leptospira santarosai serovar Shermani, the main
infec ng serovar. In 2014, our team completed the whole genome sequence of
L. santarosai by high‐throughput sequencing pla orms. Here, we report the
gene organiza on of the loci containing genes for the biosynthesis of
lipopolysaccharides (LPS), structural analyses of lipid A and the eﬀects of
proinflammatory cytokines on human renal tubule epithelial cells s mulated
with LPS/lipid A from L. santarosai.
Methods: To understand the inflammatory responses triggered by leptospiral
LPS, LPS/lipid A frac ons were extracted from L. santarosai and we examined
the gene expression level of cytokines (IL8, MCP‐1, and TNF‐alpha) in HK‐2 cells.
Furthermore, we used atomic force microscopy to examine the interac on of
TLR2 and LPS/lipid A from L. santarosai.
Results: The leptospiral LPS induced high TNF‐alpha ac va on in renal proximal
tubular cells and lipid A induced an increased level of MCP‐1 in cells
overexpressing TLR2. In addi on, we demonstrated that the ac va on of
proinflammatory cytokines was mediated through TLR2 and interac on
between TLR2 and LPS/lipid A moiety from L. santarosai.
Conclusions: This study is the first to demonstrate the mass spectra of lipid A
prepara on from L. santarosai and proinflammatory cytokine eﬀects in renal
proximal tubular cells. These findings suggest that TLR2 is likely the mediator for
the ac va on of proinflammatory cytokines in response to LPS/lipid A from L.
santarosai. These inves ga ons will facilitate the elucida on of the role of LPS
in the pathogenesis, diagnosis, and preven on of leptospirosis.
References:
HY Yang, CC Hung, SH Liu, YG Guo, YC Chen, YC Ko, CT Huang, LF Chou, YC Tian, MY Chang, HH Hsu,
MY Lin, SJ Hwang, and CW Yang (2015). Overlooked Risk for Chronic Kidney Disease a er Leptospiral
Infec on: A Popula on‐Based Survey and Epidemiological Cohort Evidence. PLoS Negl Trop Dis 9,
e0004105.
Chou LF, Chen TW, Ko YC, Pan MJ, Tian YC, Chiu CH, P Tang, CC Hung and CW Yang (2014) Poten al
impact on kidney infec on: a whole‐genome analysis of Leptospira santarosai serovar Shermani.
Emerg Microbes Infect 3:e82.
Hsu SH, Lo YY, Tung JY, Ko YC, Sun YJ, Hung CC, et al. (2010) Leptospiral outer membrane lipoprotein
LipL32 binding on toll like receptor 2 of renal cells as determined with an atomic force microscope.
Biochemistry 49:5408‐17.
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PATHOGENIC LEPTOSPIRA SPP. IN BATS AND RODENTS, PAPUA NEW GUINEA
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Background: Leptospirosis is a common zoonosis worldwide, with its highest
incidence in the tropics. In Papua New Guinea (PNG), human leptospirosis was
first reported in 1955 from the former eleven administra ve districts of PNG.
During the following years, much inves ga on has taken place, and serological
evidence of Leptospira was further reported from rats, dogs, ca le, pigs, goats,
horses and marsupial bandicoots. However, since the 1970s, only a single
seroprevalence study has been published, in 2007, concerning animal
leptospirosis in PNG. Our study represents the most recent update about
leptospirosis in PNG.
Methods: Rodents (Ra us ra us and Ra us exulans; n = 188) and bats (12
diﬀerent species; n = 121) were trapped in mul ple sites throughout PNG,
during 2014‐2015. They were subsequently screened for Leptospira infec on by
real‐ me PCR. Posi ve samples were further amplified targe ng the secY gene,
genotyped, and compared to Leptospira infec ng animals in the Asia‐Pacific
region.
Results: The infec on rate with pathogenic Leptospira is 23.4% in the rats, and
21.5% in the bats. Diﬀerent Leptospira species were iden fied. The phylogene c
analysis of the sequences provides insights into the gene c diversity of
Leptospira infec ng rats and bats from PNG, and into their rela onships with
Leptospira already described regionally.
Conclusions: The demonstra on of pathogenic Leptospira spp. in small endemic
and introduced mammals in PNG suggests a risk for transmission of the
pathogen from free‐living animals to humans. This is a first step to a
comprehensive molecular characteriza on of pathogenic Leptospira in PNG.
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USING MLST FOR LEPTOSPIRA CHARACTERISATION AS AN ALTERNATIVE TO
CULTURE‐BASED METHODS.
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Background: From April 2015 to July 2017 we cultured eighty‐six 16S rDNA and/
or LipL32 PCR‐posi ve samples from 76 pa ents. Leptospira spp. were isolated
from two of these samples, sugges ng that culture methods are insensi ve and
the use of an alterna ve or supplementary technique should be considered.
Methods: An op mised MLST scheme was used to characterise Leptospira
species using 55 PCR‐posi ve samples (from 51 pa ents; Weiss et al, 2016).
Briefly, 5 μl DNA extract from clinical specimens were submi ed to a nested PCR
targe ng seven loci (glmU, pntA, sucA,tpiA, p B, mreA and caiB) of seven
pathogenic Leptospira species (L. alexanderi, L. borgpetersenii,L. interrogans, L.
kirschneri, L. noguchii, L. santarosai, L. weilii) to improve the limit of detec on.
M13 anchor primers were a ached to the nested round primers to facilitate
downstream sequencing.
Results: Sequences from at least one allele were detected in 24 specimens (20
pa ents), including one culture‐posi ve sample (Leptospira interrogans).
Phylogene c analysis iden fied 18 pa ents had L. interrogans infec ons, one
had L. santarosai and one L. borgpetersenii; MLST sequence type ST 17 was
observed for nine pa ents. All 20 pa ents were male, aged between 9 and 71
years (median 44), two were farmers; one reported a rat infesta on and one
had occupa onal exposure to sewage. Recrea onal/travel analysis iden fied
one pa ent that swam in lakes, three pa ents travelled to Thailand (two
reported exposure to river, sea or waterfalls & one reported rats in their
accommoda on), one travelled to Colombia and one to Jamaica. IgM ELISA and
MAT were performed for 20 pa ents, 6 were IgM nega ve, 1 sample was
indeterminate and 13 IgM posi ve. MAT was nega ve for eleven pa ents, six
had equivocal tres (1:40 and 1:80), and two pa ents were MAT posi ve.
Conclusions: The nested MLST test is a rapid method to determine Leptospira
species and should be incorporated into rou ne use to support analysis for
epidemics, clusters and na onal surveillance.
References
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IDENTIFICATION OF NOVEL C‐DI‐AMP SIGNALING‐ASSOCIATED PROTEINS OF
LEPTOSPIRA INTERROGANS
Wei‐Lin Hu1, Jie Yan1
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Background: c‐di‐AMP is a recently‐discovered bacterial secondary messenger.
For many Gram‐posi ve bacteria, c‐di‐AMP is essen al for growth, cell wall
structure, an bio c resistance and infec on of hosts. Li le is known about c‐di‐
AMP signaling in Gram‐nega ve bacteria such as Leptospira interrogans.
Methods: To iden fy candidate genes involved in c‐di‐AMP metabolism of L.
interrogans strain Lai, the genome screened for proteins possessing c‐di‐AMP
synthesizing diadenylyl cyclase (DAC) and degrading phosphodiesterase (PDE)
domain. The enzyma c ac vi es of DAC/PDE domain‐containing proteins were
determined by liquid chromatography plus tandem mass spectrometric (LC‐MS/
MS). The c‐di‐AMP receptors were iden fied by aﬃnity chromatography, MS
and surface plasmon resonance (SPR).
Results: L. interrogans strain Lai could produce c‐di‐AMP. A diadenylate cyclase
CdaL encoding gene (LA3304) of the spirochete was then iden fied. Of two
poten al c‐di‐AMP‐degrading phosphodiesterases, neither PdeA (LA2999) nor
PdeB (LA1683) was ac ve during c‐di‐AMP degrada on, indica ng that other
unknown PDE may act as c‐di‐AMP‐degrading enzyme. Among the c‐di‐AMP‐
binding proteins, KtrA (LA3972), a potassium transporter, was iden fied as c‐di‐
AMP receptor in L. interrogans. Since KtrA has been reported as the cytoplasmic
regulatory subunit in low aﬃnity potassium transporter KtrAB, the binding of
KtrA with c‐di‐AMP resulted in inhibi on of KtrAB ac vity and limita on of
potassium uptake.
Conclusions: The product of L. interrogans gene LA3304 is a DAC which encodes
a DAC/PDE signaling couple with its uniden fied PDE. Potassium homeostasis
may be essen al for c‐di‐AMP func on in L. interrogans.
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SECY GENE AS TARGET IN DETECTION OF LEPTOSPIRA SPP. FROM RAT KIDNEY
USING LOOP‐MEDIATED ISOTHERMAL AMPLIFICATION (LAMP)
Othman S1, Lee PY1, Azhari NN1, Mohd‐Taib FS2, Neela VK1, Chee HY1*
1 Universi Putra Malaysia, Selangor, Malaysia
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Background: In Malaysia, leptospirosis has been designated as one of the
no fiable diseases since 2010. In this study, the loop‐mediated isothermal
amplifica on (LAMP) system targe ng the secY gene of Leptospira spp. was
developed and op mized for detec on of Leptospira in rat’s kidney samples.
Methods: LAMP primer sets were designed priming at 164 – 440 nt posi on of
the secY gene by using Primer Explorer and Op gene so wares on 13
leptospiral. Recombinant plasmid containing the full secY gene from Leptospira
interrogans serovar Pomona was constructed and used as the template for
op miza on. Op miza on parameters included primer sets, temperature and
reagents concentra on. The sensi vity of the LAMP system was performed on
DNA of L. interrogans serovar Pomona and the specificity was tested on 20
leptospiral and a series of non‐Leptospira bacterial DNA. DNA of kidney samples
(n=51) were extracted using FavorPrep Tissue Genomic DNA Extrac on Mini Kit
and evaluated using the above developed LAMP system.
Results: The selected LAMP primers were found to work best at 65°C. The
concentra on of each component was fixed following standard LAMP protocols
except for betaine and MgSO4, where the concentra ons were set to 0.4 M and
6 mM, respec vely following the op miza on. In a 50 min LAMP reac on me,
the sensi vity of the assay by using leptospirosis genomic DNA was 0.03ng,
however the detec on limit dropped to 300ng at 30 min reac on me. None of
the non‐Leptospira bacterial DNA was amplified indica ng absolute specificity.
Among the 51 kidney samples tested, 15 were posi ve by LAMP (these 15 were
also culture posi ve from kidney ssues and 13 were secY PCR posi ve targe ng
nt posi on 704‐907) and LAMP detected 2 addi onal samples than detected by
the secY PCR.
Conclusions: The LAMP system in this study showed lower sensi vity when the
detec on me was reduced to 30 min. Nonetheless, this LAMP system showed
slightly higher detec on eﬃciency for the pathogenic strains direct from kidney
samples, without the need of culture. Further improvement is needed for rapid
(within 30 min of reac on me) on‐site detec on for other environmental
samples during an outbreaks.
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A LEPTOSPIROSIS MOLECULAR EQAS: LESSONS LEARNED
Cabuang LM1*, Chappel RJ 1, Goris M2 and Best SJ 1
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Background: NRL’s Leptospirosis Molecular External Quality Assessment Scheme
(EQAS) started as a specimen exchange between two medical diagnos c
laboratories. Regulatory requirements for medical diagnos c laboratories in
Australia mandate the use of EQAS for every analyte for which a medical
diagnos c laboratory reports results. These requirements, together with the
absence of a commercially available EQAS led to the release of the first
Leptospirosis Molecular EQAS suitable for use in both medical and veterinary
diagnos c applica ons.
Methods: Four veterinary and ten public health ins tutes took part in the EQAS.
Samples consisted of whole, heat‐killed leptospires suspended in either human
serum or Ellinghausen‐McCullough‐Johnson‐Harris (EMJH) medium. Par cipants
were encouraged to submit their results using an internet‐based submission
portal (OASYS, Oneworld Accuracy Canada). Qualita ve interpreta ons and Ct
values were analysed using consensus values as reference results.
Results: All par cipants u lized in‐house designed assays. Most par cipants
(12/14) were able to detect leptospiral DNA in the diﬀerent suspension
matrices. Most par cipants (12/14) also demonstrated consistent detec on of
leptospiral DNA despite the use of in‐house designed assays.
Conclusions: There are s ll many challenges to overcome, such as the breadth
of specimen types used in veterinary diagnos cs. However, this exercise
demonstrated the possibility of providing EQAS for use by both medical and
veterinary diagnos c laboratories. The consistency of the results from the
diﬀerent in‐house assays indicated that it is not necessary to have a single,
standardized assay design. Regular par cipa on in the EQAS will provide
confidence in the quality of leptospiral molecular tests reported by par cipa ng
laboratories.
References
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