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SURVEILLANCE AND OUTBREAK REPORT
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In September 2016, a cluster of seven kayakers with
clinical symptoms of leptospirosis with onset since
July 2016 was reported to French health authorities.
Human and animal investigations were undertaken to
describe the outbreak, identify the likely place and
source of infection and implement necessary con-
trol measures. We identified 103 patients with clini-
cal symptoms of leptospirosis between 1 June and 31
October 2016 who lived in the Ille-et-Vilaine district
in Brittany. Of these, 14 (including the original seven)
reported contacts with the river Vilaine during the
incubation period and were defined as outbreak cases:
eight were confirmed by serology tests or PCR and six
were probable without a laboratory confirmation for
leptospirosis. All 14 cases were kayakers. Three dis-
tinct contamination sites were identified on a 30km
stretch of the river Vilaine. Nine cases reported hav-
ing skin wounds while kayaking. None were vaccinated
against leptospirosis. The outbreak was attributed
to Leptospira kirschneri serogroup Grippotyphosa.
Animal investigations did not allow identifying the
possible reservoir. Leptospirosis outbreaks associ-
ated with freshwater sports are rare in temperate
climates. The prevention of such outbreaks requires
control of potential animal reservoirs in zones such as
the Vilaine valley and that kayakers adopt the recom-
mended individual prevention measures.

Introduction

Leptospirosis is an important zoonotic disease caused
by bacteria of the Leptospira genus after an incubation
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period of 4 to 21 days. The Leptospira genus contains
35 species, including 13 which are pathogenic and
more than 300 serovars grouped into at least 24 sero-
groups [1,2].

Leptospirosis typically presents as a nonspecific acute
febrile disease. In endemic areas, 60-70% of human
infections have been reported as asymptomatic or
pauci-symptomatic [3,4]. Symptomatic infections are
generally non-severe (shivers, fever, headaches, mus-
cular and joint pain). Severe clinical forms represent
5-10% of clinical forms and include kidney or liver
failure, neurological complications and pulmonary
and digestive bleeding. Death is reported for 5—15% of
severe infections [5].

All wild and domestic mammals may be infected
by Leptospira [6]. Among them, some species, espe-
cially rodents were reported as maintenance hosts
of a given pathogenic Leptospira, carried in their kid-
ney and excreted in urine for prolonged periods [7].
Rats (Rattus sp.) were reported as the primary carrier
of the serogroup Icterohaemorrhagiae, responsible
for most leptospirosis cases reported in humans [8].
Other wildlife species, e.g. coypu (Myocastor coypus),
muskrat (Ondatra zibethicus), hedgehog (Erinaceus
europaeus) and weasel (Mustela nivalis) have been
described as renal carriers of pathogenic Leptospira in
France or Western Europe and could act as a reservoir
for human leptospirosis [9-11].



FIGURE 1

Kayaking sites, leptospirosis outbreak, Brittany, France, 2016
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S1, S2, S3, S4, S5 are kayaking sites on the suspected stretch of the river Vilaine. S1, S2, S3, S4 are kayaking sites where animals were
trapped for wildlife investigations. S6 is a site of the suspected stretch of the river Vilaine where animals were trapped. It is separate and

distinct from the kayaking sites

Bacterial transmission to humans occurs by direct con-
tact with urine, blood or tissue of an infected animal,
or most often by exposure to contaminated environ-
ment. Leptospira penetrate the human body through
skin lesions or mucosa of the eyes, mouth, or nose.

In France, human leptospirosis is not a notifiable dis-
ease. According to the National Reference Centre for
Leptospirosis (NRC), which is in charge of leptospiro-
sis surveillance, mainland France has a high incidence
(0.5 to one case per 100,000 inhabitants) compared
with other industrialised countries with a similar tem-
perate climate [12]. An increase in the number of con-
firmed cases in mainland France has been observed
since 2014, with an incidence of one case per 100,000
inhabitants in 2014 and 2015, a figure twice as high
as in 2011 [12,13]. Recent increases in the number of
leptospirosis cases were also reported in several other
European countries [14].

The epidemiology of leptospirosis is very different in
French overseas territories where the climate is hot and
humid, conditions that facilitate Leptospira survival.
In these territories, incidence rates are 10 to 50 times
higher than those seen in mainland France [12].

Leptospirosis outbreaks have previously been asso-
ciated with recreational activities (canoeing, kayak-
ing, water rafting, triathlon and swimming) that bring
people into close contact with water contaminated
with pathogenic leptospires [15]. Climatic conditions in
intertropical zones promote outbreak situations [16,17].
In temperate zones such as mainland France, leptospi-
rosis outbreaks are less frequent and generally limited
in size [18].

On 9 September 2016, a kayak club in a rural com-
munity in Brittany, North-West France, alerted health
authorities about a cluster of kayakers who had devel-
oped leptospirosis symptoms since July 2016. Starting
from 16 September, seven patients had been identified,
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FIGURE 2

Classification of patients with symptoms compatible with leptospirosis, Brittany, France, 1 June-31 October 2016 (n=103)
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including three with a laboratory confirmation of lepto-
spirosis. Symptom onset in the patients was between 4
July and 15 September 2016.

The identification of seven kayakers from the same
club with leptospirosis symptoms suggested an out-
break linked to kayaking on the river Vilaine, the main
river in Brittany.

Human and animal investigations were undertaken to
describe the outbreak, identify the likely place and
source of infection and implement necessary control
measures.

Methods

Investigation of human leptospirosis cases

A descriptive study was undertaken and completed by
microbiological analyses. Cases were identified in two
steps. First, patients with leptospirosis-like symptoms
were actively sought. In a second step, part of them
were classified as outbreak cases using laboratory and
epidemiological criteria.

www.eurosurveillance.org

-

Additional descriptive analyses

Patients grouped around the kayak club at
the origin of the outbreak alert
(n=7)

(No patient with a biological confirmation)

Identification of patients with leptospirosis-like
symptoms

Retrospective and prospective identification was
undertaken of patients living in the Ille-et-Vilaine
administrative district of Brittany who had developed
symptoms compatible with leptospirosis between 1
June and 31 October 2016. Multiple data sources were
used:

e six kayak clubs on a 30km suspected stretch of the
river Vilaine upstream of Rennes, capital city of the
Brittany region (Figure 1),

e general practitioners in the valley surrounding the
Vilaine,

e the clinical laboratories of the five closest hospitals,

e two large private laboratories that carry out lepto-
spirosis analyses for blood samples taken at private
and hospital laboratories.

For the first two sources, patient identification was
directly based on reported leptospirosis-like symp-
toms: shivers, fever, headache, muscle and joint pain.
For the last two sources, a person who had been



FIGURE 3

Cases of leptospirosis by week of onset, Brittany, France, 1
June-31 October 2016 (n=14)
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sampled for laboratory confirmation of leptospirosis
between 1 June and 31 October 2016 was assumed to
be a patient with symptoms compatible with leptospi-
rosis, whatever the results of the laboratory analyses
and the analytical method used. The same patient
could be identified via multiple sources. Duplicates
were identified and deleted before data analyses.

Case definition

The previously identified patients were too many for
us to investigate all of them. A part of them was con-
tacted by telephone to assess their exposure to the
river Vilaine. With the rising workload, we concen-
trated mainly on patients for whom information was
more readily available; these were the patients iden-
tified through kayak clubs, local GPs and laboratories
of local hospital. These contacted patients were either
classified as cases or excluded using laboratory and
epidemiological criteria. Outbreak cases were defined
in the following manner:

e Confirmed case: a patient exposed to the suspected
stretch of the river Vilaine during the incubation
period (within three weeks before symptom onset)
with a laboratory confirmation for leptospirosis
(PCR, ELISA or microscopic agglutination test (MAT));

e Probable case: a patient exposed to the suspected
stretch of the river Vilaine during the incuba-
tion period without a laboratory confirmation for
leptospirosis;

e Excluded case: patient not exposed to the sus-
pected stretch of the river Vilaine during the incuba-
tion period.

The non-classified patients were patients who had
not been investigated by telephone regarding their
exposure to the water of the river Vilaine. They were
all patients (regardless of laboratory confirmation)
with leptospirosis-like symptoms identified by the two
large private laboratories and the university teaching
hospital.

Descriptive study

Confirmed and probable cases were questioned by
telephone to collect demographic characteristics,
clinical and biological information, recreational and
professional exposures during the incubation period
(within three weeks before symptom onset) and infor-
mation on individual protective measures used against
leptospirosis.

The geographical distribution of cases’ home in rela-
tion to kayak clubs was described with geocoding
(BDAdresse).

Microbiological analyses

Only patients who reported contacts with the river
Vilaine were asked for a blood sample for microbio-
logical analyses by the NRC. Serum samples were sys-
tematically subjected to serology tests at the NRC: an
in-house IgM ELISA and the MAT [19]. MAT was per-
formed using 24 Leptospira antigens to identify the
serogroup of the infecting strain with a threshold of
21:100 [12].

For patients with symptoms for less than a week,
total genomic DNA from plasma and urine were tested
for the presence of pathogenic Leptospira by gPCR
[19]. Leptospira genospecies were characterised by
partial 16S rRNA gene sequencing [20].

Additional analyses for non-classified patients
Additional analyses were performed to assess the
potential presence of leptospirosis cases linked to
the outbreak among the non-classified patients. We
selected the non-classified patients who were, like
the cases, younger than 60 years. They were supposed
to be of an age compatible with close contact with
water when kayaking on the river Vilaine (e.g. bath-
ing and kayak rolls). Among them, we sought patients
living in the same areas as cases. Their living areas
were assessed through their home postcodes and
the addresses of their general practitioner and medi-
cal laboratory. Their distance to the kayak clubs of the
river Vilaine was also described.

Environmental investigations

Agricultural activities, livestock and wildlife along the
suspected stretch of the river were described quali-
tatively. We also described the river Vilaine’s hydrol-
ogy and the weather conditions of the summer 2016
(source: Météo-France).

Wildlife investigations

We conducted investigations to iden-
tify Leptospira circulating in wild animals living in the
area where human cases had been exposed. During
14 consecutive days following the outbreak (October
2016), semi aquatic rodents (coypu and muskrat) were
captured alive with large (100 x 35 x 35 cm) single-
catch traps and were euthanised in the context of
pest control. Small mammals (wood mice (Apodemus
sylvaticus) and bank voles (Myodes glareolus)) were
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TABLE

Captured wild animals (species) exposed to or infected with Leptospira, Brittany, France, 2016 (n=38)

Infected animals®

Exposed animals®

Species Total captured - -
Positive/tested Positive/tested

Wood mice (Apodemus sylvaticus) 6 2/5 2/6

Bank vole (Myodes glareolus) 4 0/2 1/4

Coypu (Myocastor coypus) 26 20/26 4/26

Muskrat (Ondatra zibethicus) 2 2/2 2/2

Total 38 24/35 9/38

2 |denitified by the microscopic agglutination test. Serogroups tested: Icterohaemorrhagiae, Australis, Autumnalis, Ballum, Bataviae,
Canicola, Cynopteri, Grippotyphosa, Hebdomadis, Panama, Pomona, Pyrogenes, Sejroe and Tarassovi.

b |denitifed by PCR.

also trapped during two 3-day periods in October
and November 2016 using medium (50 x 15 x 15 cm)
or small (28 x 9 x 9 cm) catch traps. All trapped ani-
mals were euthanised in accordance with the French
Animal Protection Law and Directive 2010/63/EU of the
European Parliament and of the Council on the protec-
tion of animals used for scientific purposes (identifi-
cation code of the approval (29/09/2016) project AP
AFIS#2939-20160106142231; name of the ethics com-
mittee: Cometh).

The field researchers were trained to sample the dead
animals following predetermined guidelines. Kidney tis-
sues were removed immediately after euthanasia and
frozen pending further analyses at the Laboratoire des
Leptospires (Marcy L’Etoile, France). Molecular analysis
including PCR, rrs gene typing and variable-number
tandem repeats (VNTR) were performed according to
previously published laboratory procedures [9].

Serological status of animals was determined using
MAT with a panel of antigens representing 14 ubig-
uitous and locally prevalent serogroups. A seroreac-
tivity=1:100 directed against at least one serogroup
was associated with a past or recent exposure
to Leptospira of the analysed animal. We used the
highest titre directed against one unique serogroup to
define the predominant serogroup [21].

Results
Human investigations

Case description

In total, we identified 103 patients residing in the
Ille-et-Vilaine administrative district, with symptoms
compatible with leptospirosis between 1 June and 31
October 2016. Seven of them were initially identified
kayakers. The 96 remaining patients were identified
from the hospital clinical laboratories and the two
large private laboratories.

Thirty-three (32%) of the patients with leptospirosis-
like symptoms were interviewed by telephone and
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excluded or classified as confirmed or probable cases
(Figure 2). Nineteen of them were excluded because
they had not had contact with water of the river Vilaine.
Fourteen patients, including the seven original kayak-
ers, were outbreak cases: eight confirmed cases and
six probable cases (Figure 2).

In terms of geographical distribution, all cases lived
grouped in the Vilaine valley upstream of Rennes.
Eleven cases lived less than skm from a kayak club
and eight lived less than 5km from the club that gave
rise out the outbreak alert. This latter is located in site
S3 (Figure 1). Most cases were male (86%). The median
age was 18 years (range: 11-60). The 14 cases reported
symptom onset between 22 June and 28 September
2016 (Figure 3).

All cases reported generalised symptoms (fever, shiv-
ering, tiredness, headaches, muscle or joint pain).
Nine cases reported digestive symptoms. Each of the
additional following symptoms (neurological, respira-
tory, ocular, renal and skin/mucous membranes) was
reported by one to three cases. Three cases, of whom
two were confirmed, were hospitalised. Two were hos-
pitalised for 2 days, the third for 9 days. Among the
remaining 11, at least four (two confirmed) consulted
the accident and emergency services of local hospitals.
Nine cases reported the presence of skin wounds, deep
or superficial. No information was collected about the
protection of wounds, their cleansing and disinfection
after contact with the Vilaine water. No case was vac-
cinated against leptospirosis.

All cases were kayakers from four different clubs of the
Vilaine valley upstream of Rennes. In the three weeks
before symptom onset, four cases had kayaked on the
suspected stretch of the river every day, three cases
several times a week, the seven others three times or
less. All cases reported close contact with the river
water via bathing or undertaking kayak rolls. Half of
them had practiced kayak-polo which also leads to
close contact with the river water. Eight cases had kay-
aked at a single site on the suspected river stretch: S1,
S3 or Sg (Figure 1). Two cases reported kayaking in a



swimsuit and T-shirt. Five reported wearing a short wet-
suit and seven a full-body wetsuit. None wore gloves.
No other known risk exposure was reported. Only two
cases had travelled outside of mainland France dur-
ing their incubation period but none in a leptospirosis
endemic area.

Microbiological analyses

Analyses by the NRC allowed typing of the bacteria for
five of the eight confirmed cases. MAT identified a single
serogroup for four cases: Grippotyphosa. For only the
fifth case, the genospecies was identified by sequenc-
ing: L. kirschneri. The corresponding serogroup could
not be determined. However, the L. kirschneri species
is common to several serogroups including serogroup
Grippotyphosa [22]. The outbreak can thus reasonably
be attributed to the Grippotyphosa serogroup.

The reservoir of the outbreak strain could have been
present at several sites or along the entire suspected
stretch of the river because three of the five cases fre-
quented only one single nautical activity site each: S1,
S3 or S5 (Figure 1).

Additional analyses concerning non-classified
patients

Seventy patients could not be classified as a case,
including seven patients with a positive biological test.
Fifty-two of these non-classified patients were younger
than 60 years like the cases. We considered that peo-
ple of that age could be assumed to practice kayaking
with close contact with the river water (kayak rolls,
kayak polo...). One of these 52 patients had laboratory-
confirmed leptospirosis. Twenty-three patients younger
than 60 years had a residential postcode in common
with one or more of the cases. Among them, we identi-
fied only seven patients living close to the kayak club
at the origin of the outbreak alert: two lived in that
same rural municipality, five had consulted a general
practitioner in the municipality and six went to a local
laboratory less than 2 km from that municipality in
order to be tested for leptospirosis.

Based on this age and geographical distribution, we
assume that the proportion of additional cases among
the non-classified patients was low.

Wildlife investigations

Thirty-eight wild animals were trapped in four sites
along the suspected stretch of river (26 coypus, two
muskrats, six wood mice and four bank voles), includ-
ing 27 captured close to the kayak club at the origin of
the alert: S1 (Figure 1).

For nine animals captured in sites S1, S2 and S3
(Figure 1), detection of Leptospira DNA by PCR
indicated ongoing infections. Three pathogenic and
intermediate Leptospira species were identified
[23]. Leptospira borgpetersenii was identified in one
muskrat, L. wolffii in two coypus and L. interrogans in
two coypus, two wood mice, one muskrat and one

bank vole (Table). Molecular typing identified L. inter-
rogans related to the serogroup Djasiman Gurungi from
a muskrat sample.

A positive seroreactivity observed by MAT suggested
exposure to Leptospira in 24 of the 35 tested animals
(Table). The serological profiles suggested mainly
exposure to the serogroups Australis (n=18) and
Sejroe (n=4). Based on the laboratory results, expo-
sure to the serogroup Grippotyphosa was suggested
for a single animal, a wood mouse captured at the site
Sa.

Environmental investigations

Different livestock and agricultural activities were pre-
sent along the suspected stretch of the river Vilaine.
Milk-producing cattle herds were the principal identi-
fied livestock.

A large increase in the numbers of semi-aquatic wild
rodents (coypu, muskrat) has been reported around
the nautical activity site at the origin of the outbreak
alert since the cessation of trapping activities by vol-
unteers certified as trappers at the end of 2015. The
municipality of the kayak club at the origin of the alert
did not manage to identify new volunteers to pursue
trapping activities before the outbreak.

Upstream of Rennes, the river Vilaine is characterised
by low water levels and low water flow during summers.
Moreover, the slate subsoil of the valley is imperme-
able. Consequently, the suspected river stretch may be
very sensitive to the run-off of animal waste (including
urines potentially contaminated by Leptospira) during
rain showers.

The summer of 2016 was the fourth hottest summer
since 1996. The mean temperature was 18.9°C com-
pared with 18.1°C for summers of the period from 1996
to 2015.

Immediate control measures

The kayak club at the origin of the alert was sup-
posed to host a kayak-polo tournament on 17 and 18
September 2016 with 300 to 400 participants from all
over France. Local governmental authorities cancelled
the tournament and all water sports were banned from
16 September in the nautical base opposite the club:
S3 (Figure 1).

Kayak clubs situated on the suspected stretch of the
river were informed of the outbreak, about the disease
(reservoir, causative agent and clinical symptoms),
individual protective measures and the need for a rapid
medical consultation in the presence of symptoms. The
information was transmitted via leaflets and a signpost
erected on the site where water sports were banned.

With the help of the local governmental authorities, the
municipality of the closed nautical activity site identi-
fied new certified trappers who were asked to trap and
quickly kill coypus and muskrats.
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On 21 October, the ban of the nautical base was lifted
in view of resumed trapping of semi-aquatic wild
rodents and decreased water temperature of the river
which offered less favourable conditions for the sur-
vival of Leptospira.

Discussion and conclusions

This investigation identified in mainland France an out-
break of 14 leptospirosis cases among kayakers on the
river Vilaine (Brittany). Outbreaks of similar sizes and
associated with recreational water sports have been
reported in intertropical zones but appear to be rare in
temperate zones such as mainland France [18,24-26].

The microbiological analyses suggest that the outbreak
cases were caused by the serogroup Grippotyphosa.
The cases reported several known potential risk fac-
tors. Only half of the identified cases used a full-
body wetsuit for kayaking although wearing long suits
may be a strong protective factor against infection
by Leptospira [4]. Nine of the 14 cases reported kayak-
ing with skin wounds, which allow Leptospira to enter
into the body. No case was vaccinated despite French
recommendations that adults who regularly practise
freshwater sports such as swimming, kayaking and
canoeing should be vaccinated. Nevertheless, it is to
be noted that the vaccine is effective only against the
Icterohaemorrhagiae serogroup which causes approxi-
mately one third of leptospirosis cases. Therefore, vac-
cination would have not prevented this outbreak [27].

The animal reservoir remained unidentified. Despite
investigation of various animal species and a max-
imised detection sensitivity using live capture and
immediate sampling after death, Leptospira species
and MAT profiles obtained from captured rodents and
small mammals were not consistent with the ones
observed in humans. The MAT profile suggesting
Grippotyphosa exposure in a single wood mouse was
uncertain because the MAT correctly predicts the
infecting serogroup in only 46-86% of cases [21,28]. In
Germany in 2007, the investigation of an outbreak of L.
kirschneri serogroup Grippotyphosa identified com-
mon voles as the reservoir for humans [29]. Muskrats
could also be the reservoir of serogroup Grippotyphosa
for humans according to previous work suggesting
Grippotyphosa exposure among muskrats in North
West France (GEDUVER project on sustainable manage-
ment of vertebrate predators in rural environment; data
not shown) and in Belgium in 2012 [30].

Insufficient sample size and diversity of captured
wild animals could explain why we could not identify
the potential animal reservoir of L. kirschneri for this
outbreak. The trapping activities that were put in place
rapidly after the alert and before the wildlife investi-
gations might have reduced the number of animals
that could be trapped and analysed. Here, only two
of the 38 animals sampled were muskrats, which is
most probably not a sufficient reflection of the diver-
sity of Leptospira that could be carried in this animal

www.eurosurveillance.org

species. Moreover, the animal investigations focused
on wildlife because kayakers and local authorities
reported a large and recent increase in the semi-
aquatic rodent population. Therefore, we did not test
the livestock present along the river, which can also be
a reservoir of the bacteria.

Nevertheless, the diversity of Leptospira species
observed in this survey is consistent with what has
previously been reported in wildlife [9]. It remains pos-
sible that a limited circulation of the outbreak strain
among wild fauna at the suspected stretch of the river
could have been sufficient to cause the outbreak if the
strain was particularly virulent [6,31].

At least three distinct sites of contamination of cases
were identified along the suspected stretch of the river
Vilaine. Immediate control measures were put in place
only around the nautical base of the initially implicated
kayak club. However, no other cases were identified at
any of the sites after the initial control measures were
set up. This investigation also underlined the difficulty
to identify objective criteria for when to end control
measures put in place on a river in the context of a
leptospirosis outbreak. For example, screening large
bodies of freshwater for Leptospirais not believed to be
useful for guiding public health authorities in decisions
regarding the safe recreational use of water because
failure to detect pathogenic Leptospira provides no
valid information about water safety. In addition, the
public health risk associated with a positive result
cannot be assessed because infection depends on the
dose and type of exposure [16,25].

The summer 2016 in the llle-et-Vilaine administrative
district was warmer than usual in this area. Moreover,
the river Vilaine is associated with low water levels and
low water flow during summer. An increase in the semi-
aquatic rodent population was also reported by kay-
akers using the implicated stretch of river before the
outbreak. The outbreak thus occurred in an environ-
mental context that was likely to facilitate contamina-
tion of the river and bacterial survival in the water [32].
In the context of global climate change, such environ-
mental conditions could be reproduced more regularly
in temperate zones like mainland France and result in
more regular leptospirosis outbreaks [23].

In terms of study limitations, the clinical description
of the outbreak cases was based solely on patient-
reported symptoms. While information about gener-
alised symptoms seemed robust, information about
renal, neurological and skin/mucous membrane symp-
toms seemed less certain. The severity of illness could
thus be underestimated for certain cases. However,
the low hospitalisation rate and emergency room vis-
its suggest that most patients had mild symptoms.
Our investigation did not identify individual risk fac-
tors associated with this outbreak. A case—control
study including serological testing of controls would
have been necessary to get this information. The true



number of leptospirosis cases associated with the out-
break was probably underestimated. Despite active
case finding using four data sources, not all identified
patients were interviewed and classified. The used
data sources would not have identified mild or asymp-
tomatic cases without a medical consultation. It is also
possible that kayakers could have hesitated to notify
their symptoms for fear of seeing their kayaking activi-
ties suspended in connection with the closure of a
stretch of the river Vilaine.

Following this investigation, several recommendations
can be made to prevent the occurrence of another such
outbreak. Kayakers, even in temperate zones, need to
be well informed about the risk of leptospirosis, the
nature of the disease, the importance and benefits
of a rapid medical consultation and the benefits and
limits of protective measures: individual protection
equipment, vaccination and wound hygiene measures
(cleansing and disinfection). It is also important to
raise awareness among all healthcare workers about
the diagnosis, especially when risk factors for leptospi-
rosis such as water sport activities are identified.

In the absence of an identified animal reservoir for this
outbreak, studies could be continued among wild and
domestic animals along the stretch of the Vilaine, in par-
ticular muskrats and the livestock previously described
as susceptible to the Grippotyphosa serogroup [30,33].
This outbreak occurred in the context of an increase
in the semi-aquatic rodent population following ces-
sation of trapping activities. It serves as a reminder
that rodent species known for Leptospiracarriage need
to be controlled close to freshwater sporting sites

[11,30,34,35].

The private and clinical laboratories were sufficient to
identify outbreak cases in this investigation. A surveil-
lance system based on these two data sources could
thus be put in place in zones where leptospirosis out-
breaks occur such as the valley of the river Vilaine.

Acknowledgements

The authors wish to thank the team at the Agence régionale
de santé Bretagne who validated the outbreak alert, Météo-
France that provided weather data and all patients and
private and clinical laboratories who cooperated with the
investigations.

Funding: The Agence régionale de santé de Bretagne, Santé
publique France and the National Reference Centre for
Leptospirosis are supported by public funds allocated by the
French Ministry of Health.

The Nancy laboratory for rabies and wildlife of the French
Agency for Food, Environmental and Occupational Health &
Safety (Anses) is supported by public funds mainly from the
French Ministry of Agriculture and Food.

VetAgro Sup is supported by public funds allocated by the
French Ministry of Agriculture and Food.

The Entente de Lutte Interdépartementale contre les Zoonoses
is an association of 40 administrative Local Collectivities

mainly funded by French departmental Councils and partly
by the French Ministry of Agriculture.

The Office National de la Chasse et de la Faune sauvage
is supported by public funds from French Ministries of

Agriculture and Environment.

Conflict of interest

None declared.

Authors’ contributions

Yvonnick Guillois, Mathilde Pivette, José Hector Aranda Grau,
Lisa Antoinette King and Alexandra Septfons performed
epidemiological investigations. Pascale Bourhy carried out
the microbiological analyses on samples from suspected
leptospirosis cases. Florence Ayral, Anouk Decors, Célia
Malhere, Benoit Combes and Céline Richomme identified
and performed the relevant wildlife investigations. Florence
Ayral and Marine Le Guyader carried out the microbiological
analyses on samples from wild captured animals. Yvonnick
Guillois, Anouk Decors and Benoit Champenois described
the environmental conditions of the outbreak.

References

1. Levett PN. Leptospirosis. Clin Microbiol Rev. 2001;14(2):296-
326. https://doi.org/10.1128/CMR.14.2.296-326.2001 PMID:
11292640

2. ThibeauxR, Iraola G, Ferrés I, Bierque E, Girault D, Soupé-
Gilbert ME, et al. Deciphering the unexplored Leptospira
diversity from soils uncovers genomic evolution to virulence.
Microb Genom. 2018;4(1):4. https://doi.org/10.1099/
mgen.0.000144 PMID: 29310748

3. Ashford DA, Kaiser RM, Spiegel RA, Perkins BA, Weyant RS,
Bragg SL, et al. Asymptomatic infection and risk factors for
leptospirosis in Nicaragua. Am | Trop Med Hyg. 2000;63(5-
6):249-54. https://doi.org/10.4269/ajtmh.2000.63.249 PMID:
11421372

4. Phraisuwan P, Whitney EA, Tharmaphornpilas P, Guharat
S, Thongkamsamut S, Aresagig S, et al. Leptospirosis:
skin wounds and control strategies, Thailand, 1999. Emerg
Infect Dis. 2002;8(12):1455-9. https://doi.org/10.3201/
€ido812.020180 PMID: 12498663

5. Heymann DL. Control of communicable diseases manual. 20th
ed. Washington DC: American Public Health Association; 2015.

6. Adler B. History of leptospirosis and leptospira. Curr Top
Microbiol Immunol. 2015;387:1-9. https://doi.org/10.1007/978-
3-662-45059-8_1 PMID: 25388129

7. Bharti AR, Nally JE, Ricaldi JN, Matthias MA, Diaz MM,
Lovett MA, et al. Leptospirosis: a zoonotic disease of global
importance. Lancet Infect Dis. 2003;3(12):757-71. https://doi.
0rg/10.1016/51473-3099(03)00830-2 PMID: 14652202

8. AyralF, Zilber AL, Bicout DJ, Kodjo A, Artois M, Djelouadji Z.
Distribution of Leptospira interrogans by multispacer sequence
typing in urban Norway rats (Rattus norvegicus): a survey in
France in 2011-2013. PLoS One. 2015;10(10):€0139604. https://
doi.org/10.1371/journal.pone.0139604 PMID: 26447693

9. Ayral F, Djelouadji Z, Raton V, Zilber AL, Gasqui P, Faure E,
et al. Hedgehogs and mustelid species: major carriers of
pathogenic Leptospira, a survey in 28 animal species in France
(20122015). PL0S One. 2016;11(9):0162549. https://doi.
org/10.1371/journal.pone.0162549 PMID: 27680672

10. Hurd ), Berke O, Poljak Z, Runge M. Spatial analysis of
Leptospira infection in muskrats in Lower Saxony, Germany,
and the association with human leptospirosis. Res Vet Sci.
2017;114:351-4. https://doi.org/10.1016/j.rvsc.2017.06.015
PMID: 28668503

11. Vein ], Leblond A, Belli P, Kodjo A, Berny JP. The role of the
coypu (Myocastor coypus), an invasive aquatic rodent species,
in the epidemiological cycle of leptospirosis: a study in two
wetlands in the east of France. Eur ] Wild Res. 2014;(60):125-33.

12. Bourhy P, Septfons A, Picardeau M. Diagnostic, surveillance
et épidémiologie de la leptospirose en France. [Diagnosis,
surveillance and epidemiology of leptospirosis in France].
Bull Epidemiol Hebd. 2017;(8-9):131-7. French. Available from:

www.eurosurveillance.org



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25,

26.

27.

28.

29.

30.

31.

http://invs.santepubliquefrance.fr/beh/2017/8-9/2017_8-9_1.
html

Baranton G, Postic D. Trends in leptospirosis epidemiology in
France. Sixty-six years of passive serological surveillance from
1920 to 2003. Int ] Infect Dis. 2006;10(2):162-70. https://doi.
org/10.1016/j.ijid.2005.02.010 PMID: 16298537

European Centre for Disease Prevention and Control

(ECDC). Leptospirosis - Annual epidemiological

report. Stockholm: ECDC; 2017. Available from:
https://ecdc.europa.eu/en/publications-data/
leptospirosis-annual-epidemiological-report-2016-2014-data

Nardone A, Capek I, Baranton G, Campése C, Postic D, Vaillant
V, et al. Risk factors for leptospirosis in metropolitan France:
results of a national case-control study, 1999-2000. Clin Infect
Dis. 2004;39(5):751-3. https://doi.org/10.1086/423272 PMID:
15356794

Hochedez P, Escher M, Decoussy H, Pasgrimaud L,

Martinez R, Rosine J, et al. Outbreak of leptospirosis among
canyoning participants, Martinique, 2011. Euro Surveill.
2013;18(18):20472. PMID: 23725775

Pagés F, Larrieu S, Simoes ], Lenabat P, Kurtkowiak B,
Guernier V, et al. Investigation of a leptospirosis outbreak
in triathlon participants, Réunion Island, 2013. Epidemiol
Infect. 2016;144(3):661-9. https://doi.org/10.1017/
S0950268815001740 PMID: 26211921

Perra A, Servas V, Terrier G, Postic D, Baranton G, André-
Fontaine G, et al. Clustered cases of leptospirosis in Rochefort,
France, June 2001. Euro Surveill. 2002;7(10):131-6. https://doi.
org/10.2807/esm.07.10.00361-en PMID: 12631991

Mérien F, Amouriaux P, Perolat P, Baranton G, Saint Girons .
Polymerase chain reaction for detection of Leptospira spp. in
clinical samples. J Clin Microbiol. 1992;30(9):2219-24. PMID:
1400983

Postic D, Riquelme-Sertour N, Merien F, Perolat P, Baranton
G. Interest of partial 16S rDNA gene sequences to resolve
heterogeneities between Leptospira collections: application
to L. meyeri. Res Microbiol. 2000;151(5):333-41. https://doi.
0rg/10.1016/50923-2508(00)00156-X PMID: 10919513

Chappel R, Goris M, Palmer MF, Hartskeerl RA. Impact of
proficiency testing on results of the microscopic agglutination
test for diagnosis of leptospirosis. J Clin Microbiol.
2004;42(12):5484-8. https://doi.org/10.1128/JCM.42.12.5484-
5488.2004 PMID: 15583270

Salaiin L, Mérien F, Gurianova S, Baranton G, Picardeau M.
Application of multilocus variable-number tandem-repeat
analysis for molecular typing of the agent of leptospirosis. |
Clin Microbiol. 2006;44(11):3954-62. https://doi.org/10.1128/
JCM.00336-06 PMID: 17088367

Picardeau M. Diagnosis and epidemiology of leptospirosis.
Med Mal Infect. 2013;43(1):1-9. https://doi.org/10.1016/].
medmal.2012.11.005 PMID: 23337900

Jackson LA, Kaufmann AF, Adams WG, Phelps MB, Andreasen
C, Langkop CW, et al. Outbreak of leptospirosis associated
with swimming. Pediatr Infect Dis J. 1993;12(1):48-54. https://
doi.org/10.1097/00006454-199301000-00012 PMID: 8417426

Morgan J, Bornstein SL, Karpati AM, Bruce M, Bolin CA,
Austin CC, et al. Outbreak of leptospirosis among triathlon
participants and community residents in Springfield, Illinois,
1998. Clin Infect Dis. 2002;34(12):1593-9. https://doi.
0rg/10.1086/340615 PMID: 12032894

Rock C, Horgan M. Leptospirosis--on the increase due to global
warming. Ir Med . 2010;103(10):317. PMID: 21563357

Conseil supérieur d’hygiéne publique de France. Nouvelles
recommandations relatives a la prévention du risque chez les
personnes exposées a la leptospirose. [New recommandations
concerning the risk prevention for people exposed to
leptospira]. Paris; 2005. 1-42 p. French.

Levett PN. Usefulness of serologic analysis as a predictor of
the infecting serovar in patients with severe leptospirosis. Clin
Infect Dis. 2003;36(4):447-52. https://doi.org/10.1086/346208
PMID: 12567302

Desai S, van Treeck U, Lierz M, Espelage W, Zota L, Sarbu

A, et al. Resurgence of field fever in a temperate country:

an epidemic of leptospirosis among seasonal strawberry
harvesters in Germany in 2007. Clin Infect Dis. 2009;48(6):691-
7. https://doi.org/10.1086/597036 PMID: 19193108

Mori M, VAN Esbroeck M, Depoorter S, Decaluwe W,
Vandecasteele SJ, Fretin D, et al. Outbreak of leptospirosis
during a scout camp in the Luxembourg Belgian province,
Belgium, summer 2012. Epidemiol Infect. 2015;143(8):1761-6.
https://doi.org/10.1017/50950268814002763 PMID: 25311398
Picardeau M. Virulence of the zoonotic agent of leptospirosis:
still terra incognita? Nat Rev Microbiol. 2017;15(5):297-307.
https://doi.org/10.1038/nrmicro.2017.5 PMID: 28260786

www.eurosurveillance.org

32.

33.

34.

35.

Andre-Fontaine G, Aviat F, Thorin C. Waterborne leptospirosis:
survival and preservation of the virulence of pathogenic
Leptospira spp. in fresh water. Curr Microbiol. 2015;71(1):136-
42. https://doi.org/10.1007/500284-015-0836-4 PMID:
26003629

Ayral FC, Bicout DJ, Pereira H, Artois M, Kodjo A. Distribution of
Leptospira serogroups in cattle herds and dogs in France. Am

J Trop Med Hyg. 2014;91(4):756-9. https://doi.org/10.4269/
ajtmh.13-0416 PMID: 25092816

Aviat F, Blanchard B, Michel V, Blanchet B, Branger C, Hars

J, et al. Leptospira exposure in the human environment in
France: A survey in feral rodents and in fresh water. Comp
Immunol Microbiol Infect Dis. 2009;32(6):463-76. https://doi.
org/10.1016/j.cimid.2008.05.004 PMID: 18639932

Michel V, Ruvoen-Clouet N, Menard A, Sonrier C, Fillonneau C,
Rakotovao F, et al. Role of the coypu (Myocastor coypus) in the
epidemiology of leptospirosis in domestic animals and humans
in France. Eur ) Epidemiol. 2001;17(2):111-21. https://doi.
0rg/10.1023/A:1017931607318 PMID: 11599683

License and copyright

This is an open-access article distributed under the terms of
the Creative Commons Attribution (CC BY 4.0) Licence. You
may share and adapt the material, but must give appropriate
credit to the source, provide a link to the licence, and indi-
cate if changes were made.

This article is copyright of the authors or their affiliated in-
stitutions, 2018.



