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Abstract.

Three athletes who participated in a race in the tropical forest of the Caribbean island of Martinique were

subsequently diagnosed with leptospirosis using polymerase chain reaction (PCR). We investigated an outbreak to evalu-
ate possible risk factors, and to determine the appropriate public health recommendations. Of 230 athletes, we contacted
148 (64% ) and 20 (13.5%) met our case definition. Five were hospitalized and none were fatal. Ten (91%) of the 11 ill ath-
letes who were tested were confirmed by PCR or serology. Serogroup Pyrogenes was commonly found. Cutaneous cuts,
reported by 14 (73.7%)), was the only potential risk factor using univariate analysis. Sporting event participants in tropical
areas should be made aware of specific warnings and recommendations concerning the risk of leptospirosis, especially
after periods of heavy rainfall or flooding. Rapid diagnostic assays such as PCR are particularly appropriate in this setting
for early diagnosis and for formulating public health recommendations.

INTRODUCTION

Leptospirosis, a bacterial zoonotic disease with worldwide
prevalence, is an important emerging infectious disease with
greater incidence in tropical areas where conditions for trans-
missions are favorable.!” Many wild and domestic animals
serve as reservoirs for pathogenic Leptospira strains and con-
taminate the environment by shedding the organisms in their
urine. Humans are usually infected through abraded skin or
mucous membrane contact with water contaminated by the
urine of animal reservoirs, and less frequently by direct con-
tact with animals or their urine. The mean incubation period
is 10 days, with a usual range of 2-20 days.! Clinical mani-
festations are protean and the spectrum of symptoms range
from subclinical or mild anicteric febrile illness to acute renal
failure. Weil’s disease and respiratory distress syndrome are
associated with high mortality.! Over the preceding decades,
ecotourism and sporting events in tropical and sub-tropical
areas have become more popular among travelers and ath-
letes. These recreational activities in tropical areas have served
to increase the risk of human exposure to these pathogens and
consequently outbreaks of leptospirosis have been reported in
these settings.>*

For the period of June 1 to June 4, 2009, three adults
were hospitalized in the teaching hospital of Fort de France,
Martinique for febrile illnesses characterized by headache,
myalgias, elevated liver enzyme levels, and leucocytosis asso-
ciated with thrombocytopenia and; additionally, acute renal
failure for one of the three. A diagnosis of leptospirosis was
confirmed by specific amplification of pathogenic Leptospira
spp. in blood samples from three patients. Those patients had
participated in the “Tchimbe-Raid” race, held on the island
of Martinique on May 16, 2009. The 230 participating ath-
letes were from the two Caribbean islands of Martinique and
Guadeloupe, as well as French Guyana and mainland France.
Participants had the option to race in either an 80-km or an
30-km course (held on the second part of the 80-km route).

* Address correspondence to Patrick Hochedez, Service de Maladies
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This race was previously planned to be held on May 9, 2009
but was postponed because of heavy rainfall and flooding that
occurred on May 4 and 5. The event was an endurance-length
race involving two components: running and trekking. The
majority of the racing event took place in the tropical forest
and included crossing shallow rivers and using muddy trails.
During the race, food and mineral water were regularly given
to participants by the race organizers. After the identification
of the three first cases, an advisory was issued to inform all
participants about the risk of leptospirosis. An investigation
was subsequently initiated to assess the number of ill athletes,
to identify the risk factors, and to make the relevant public
health recommendations. This work reports on the results of
this investigation and discusses preventative measures for
sporting participants in tropical environments.

METHODS

Epidemiologic investigation. Pursuant to the identification
of the first three ill athletes the Regional Branch of the French
Public Health Institute was informed on June 5 (20 days after
the event) by the Infectious Disease unit and an investigation
was initiated. The list of all participants in the event, including
their telephone numbers and e-mail addresses, was obtained
from the race organizers. An information letter was sent to all
participants, in which they were informed of their potential
exposure to leptospirosis during the race. Participants were
advised to seek medical attention in the occurrence of fever
associated with two or more of the following symptoms: chills,
headache, muscles aches, joint aches, conjunctivitis, cough,
diarrhea, or hemorrhaging. Accompanying the information
letter that was sent to participants was a standardized ques-
tionnaire designed to determine the demographics, the symp-
toms, the duration of the illness, any previous antibiotic use,
and any potential exposure during the period of 2 weeks
before the race up to and during the competition. Information
about patients’ ethnicity was not reported because of the cur-
rent strict medical ethics laws in France. With respect to any
possible exposure, participants were queried regarding any
muco-cutaneous exposure, river crossings, the swallowing of
any river water, and consumption of coconut water that was
distributed after the race. Participants who did not return their
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questionnaires were contacted by telephone. A “suspected
case” of illness was defined as the onset of self-reported fever
between May 16 and June 30 along with two or more of the
above mentioned symptoms in a Tchimbe-Raid athlete.

Laboratory investigation. Samples were obtained from
patients who met the suspected case definition and who under-
went medical consultation. Samples were subsequently tested
for microscopic agglutination using the microscopic aggluti-
nation test (MAT).> The MAT was done using the following
antigens: serogroups Australis (serovar Australis), Autumna-
lis (serovar Autumnalis), Bataviae (serovar Bataviae), Canicola
(serovar Canicola), Ballum (serovar Castellonis), Cynopteri
(serovar Cynopteri), Grippotyphosa (serovar Grippotyphosa),
Sejroe (serovars Hardjo and Sejroe), Hebdomadis (serovar
Hebdomadis), Icterohaemorrhagiae (serovar Copenhageni),
Panama (serovar Panama), Pomona (serovar Pomona), Pyro-
genes (serovar Pyrogenes), and Tarassovi (serovar Tarassovi).
Sera were screened at a dilution of 1:50 and positive sera
were titrated to endpoint using standard methods.’ Blood
samples (EDTA plasma) obtained from patients during the
first week of symptoms were also tested by a real-time poly-
merase chain reaction (PCR) assay. After initial concen-
tration of bacteria, DNA was extracted using the QIAamp
DNA Mini Kit (Qiagen SA, Courtaboeuf, France) accord-
ing to the manufacturer’s instructions. Real-time PCRs were
performed on an iQTMS real-time PCR detection system
(Bio-Rad Laboratories, France) using the DNA-binding
dye technique (SYBR Green). The primer set LFBI1-F
(5" CATTCATGTTTCGAATCATTTCAAA 3’) and LFB1-R
(5" GGCCCAAGTTCCTTCTAAAAG 3’) used target DNA
from pathogenic leptospires and amplify a 331-bp fragment.®
Diagnosis by culture, although it is a definitive diagnosis test
allowing the recovery of leptospires from clinical specimen,
is also challenging and requires several weeks of incubation
to obtain results. Considering the low sensitivity of culture
in our laboratory during the time the study took place, there
was no attempt to culture leptospires and the PCR test was
chosen instead. A suspected case was considered “laboratory-
confirmed” if it tested positive with MAT or PCR. For the
interpretation of MAT results, a titer superior to 100 against
any of the pathogenic antigens was considered positive if a
patient’s origin was from a non-endemic area. For patients liv-
ing in an endemic area, like the Caribbean region, a titer of 400
was preferred considering the eventuality of past exposure.

Statistical analysis. Results of the investigation were entered
into Epilnfo version 6.04b (CDC, Atlanta, GA); the dataset
was then imported into Stata 9 (College Station, TX) for fur-
ther analysis. Univariate logistic regression was used to explore
if variables were related to confirmed or suspected cases of
leptospirosis. The risk ratio (RR) for dichotomous variables
was calculated. Suspected cases were compared with and with-
out laboratory confirmation, with controls from the cohort of
participants to identify risk factors for illness. A single factor
has been identified with a P value < 0.05 by univariate analy-
sis; it was therefore not possible to conduct a multivariable
logistic regression.

RESULTS

Epidemiologic investigation. Of the 230 athletes competing
in the Tchimbe-Raid race, 76 sent back a questionnaire and 72
were subsequently contacted by telephone. Of the 148 (64%)

participants contacted, 20 (13.5%) athletes met the definition of
a suspected case, so the attack rate was at least 8.7% (Figure 1).
The median age of patients with a suspected case, with or
without laboratory confirmation, was 41 years [28-69] and 18
(90%) were male. All cases were French and residents of the
island of Martinique. The following data are related to 19 of
the ill athletes. One participant was excluded from the analy-
sis because of insufficient clinical data. No significant differ-
ences were found between ill athletes who met the suspected
case definition and non-ill athletes by age or gender. Among
the 19 athletes, 9 (47.4%) had participated in the 30-km course
and 10 (52.6%) in the 80-km course. Nine (47.4%) athletes
reported travel to other Caribbean islands during the 3 months
before the race but none reported training in the forest or any
river exposure activity during the previous 15 days. Of the
148 participants contacted, none reported taking doxycycline
for prophylaxis of leptospirosis. The median incubation time
from the start of the race until onset of illness for the 10 ath-
letes with confirmed cases (13 days; range, 7-16) differed sig-
nificantly from the median incubation period (9 days; range,
1-13) for the suspected cases without laboratory confirmation
(P = 0.03). The peak onset of fever on May 26, 2009 corre-
sponded to Day 10 after the race (Figure 2). No cases were
detected after June 1 (Day 16). Sixteen of 20 (80%) suspected
cases sought medical care, and five (25%) were hospitalized.
One hospitalized patient presented with an icteric form char-
acterized by hepatic and renal dysfunction. No other severe
manifestations of leptospirosis or death were reported. The
median duration of illness was 5 days [3-10]. The most com-
mon symptoms associated with fever were asthenia, headache,
muscle aches, chills, joint aches, and diarrhea (Table 1).
During the race, cuts and abrasions of the skin were reported
by 14 (73.7%) of 19 ill-athletes. Among the 9 who described
those cutaneous lesions, 5 had cuts on the legs, 1 had cuts on

230 athletes

A 4

82 (36%) non respondents

A
148 (64%) contacted :

e 76 respondents to the questionnaire

e 72 non-respondents contacted by telephone

| 128 athletes without
compatible symptoms

v

20 suspected cases
e PCR*-confirmed cases n=3
e Serology confirmed cases n=7
e Not laboratory confirmed n=10

*PCR : Polymerase Chain Reaction

Figure 1. Flow diagram.
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Ficure 2. Date of fever onset for suspected and laboratory-
confirmed cases of leptospirosis in Tchimbe-Raid athletes.

the hand, and 3 had lesions at both sites. All reported to have
crossed more than 15 shallow rivers without being submerged
and 2 of them drank water from those rivers. Six athletes
reported the consumption of coconut water that was available
at the arrival. Of those potential risk factors, only cutaneous
cuts were associated with the outcome of leptospirosis using
univariate analysis (RR, 3.2; 95% confidence interval [CI] =
1.1-8.4). Age, sex, consumption of coconut water, swallowing
the river water, participating in the 80-km event, and duration
of the race were not associated with illness.

Laboratory investigation. Of the 20 athletes who met the
suspected case definition, serum was collected from 11 (55%)
and 8 submitted both acute and convalescent-phase serum
specimens. Ten (91%) of the 11 athletes with suspected cases
who were tested had their cases confirmed by at least one
of the following techniques: 7 were tested positive by MAT,
2 were tested positive by PCR and MAT, and 1 was tested posi-
tive by PCR only (Figure 2). For one inhabitant of Martinique,
the MAT titer was of 1:200, suggesting an early phase of the
disease or previous environmental exposure and the case was
considered not laboratory confirmed in the absence of a sec-
ond sample. Among the 19 athletes with complete information,
no significant differences were found between biologically
confirmed ill athletes and non-biologically confirmed ill ath-
letes by age, gender, potential exposure, or clinical symptoms.

TaBLE 1

Self-reported clinical symptoms in 19 suspected cases* of leptospirosis
after a race in the tropical forest of Martinique

Symptom (number of respondents if not 19) Number of athletes (%)

Fever 19 (100)
Asthenia 17 (89)
Headache 16 (84)
Muscle aches 15 (79)
Chills 14 (74)
Joint aches 12 (63)
Diarrhea (15) 9 (60)
Nausea (14) 6 (40)
Vomiting (15) 5(33)
Abdominal pain (15) 5(33)
Cough 6 (31)
Red eyes 2 (10.5)

*Race participants with onset of fever during the period from May 16 through June 30,
2009 plus the presence of two or more of the following symptoms or signs: chills, headache,
muscles aches, joint aches, conjunctivitis, cough, diarrhea, and hemorrhage.

Because there was no attempt to culture leptospires during the
study period, we were not able to identify the infecting sero-
var. Instead, we used high rates of agglutination of the serum
with one particular antigen by MAT to identify the presump-
tive serogroup.’ A significant seroreactivity was found for ref-
erence serogroups Pyrogenes (4 patients), Sejroe (1 patient),
Tarassovi (1 patient), and Icterohaemorrhagiae (1 patient).
Finally for 1 patient, the MAT titers from two samples could
not differentiate between serogroup Sejroe (serovar Hardjo)
and serogroup Icterohaemoragiae.

The main results of this study are reported in Table 2,
together with epidemiological and laboratory data reported
in the three other published outbreaks of leptospirosis among
participants in endurance sporting events.*”$

DISCUSSION

This outbreak was the first reported after a sporting event
in the Caribbean islands and the ensuing investigation allowed
identification of cutaneous cuts as a risk factor for infection.
Data from this outbreak also suggest that rapid diagnostic
assays such as PCR are particularly appropriate in this setting
for early diagnosis, information of exposed participants, and
epidemiological investigation.

Leptospirosis was biologically confirmed for 10 (50%) of
the 20 suspected cases. Although median incubation time for
the suspected cases with or without laboratory confirmation
was different, the absence of any clinical difference between
biologically confirmed ill athletes and non-biologically con-
firmed ill athletes, combined with the low incidence of dengue
during this period and the absence of any other reported arbo-
virus or malaria in Martinique, speak in favor of the diagno-
sis of leptospirosis.” Real-time PCR-based diagnosis allowed
early diagnosis for three of the participants and consequently
early epidemiological investigation. However, for those three
participants symptoms occurred late after the event (Figure 2),
and at the time of investigation, no new patients were identi-
fied that could have been informed by public health recom-
mendations before the occurrence of symptoms. At the present
time, direct detection methods using PCR are the only evalu-
ated techniques by which a positive diagnosis might be rapidly
available during the early acute stage of the illness, before the
appearance of immunoglobulin M (IgM) antibodies or culture
results, and before occurrence of complications when treat-
ment is likely to have the greatest benefit."1°!? Although only
suggested by this study, the precocity of diagnosis has poten-
tial benefits for both the individual and the community in
cases of a group exposure like a sporting event. Although PCR
has been used to distinguish pathogenic from non-pathogenic
serovars, definitive identification of the infecting serovar,
which has significant epidemiological and public health value,
still relies on culture rather than the microscopic agglutination
test (MAT).3 Studies in Barbados and Thailand empha-
sized that the accuracy of the MAT in predicting the infect-
ing serovar was poor in individual cases of leptospirosis.!>!¢
Paradoxical reactions and cross-reactions between serogroups
may explain the difficulty to infer the identity of the infecting
leptospiral serovar or serogroup. However, presumptive sero-
group reactivity data could be used to gain a broad idea of
the serogroups present at the population level.'’> Although it
remains the gold standard for the serological diagnosis of lep-
tospirosis, early diagnosis is not possible with MAT because
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TABLE 2

Comparative epidemiological data from the four reported outbreaks of leptospirosis among participants to endurance sport events

Location (ref)

Springfield, Illinois’

Malaysian Borneo*

Florida® Martinique (PS)

Date of the event
Race characteristics

Number of participants
Contacted
Suspected cases
Laboratory-confirmed
cases (% of cases tested)

Median age of suspected
cases (years)

Men

Median incubation time
(days)
Suspected cases
Laboratory-confirmed

June 21, 1998
Triathlon

876
834 (95%)
98 (12%)
52 (61%)

35
82% (of suspected cases)

14 (range, 1-34)

August 21-September 1, 2000

Multisport race:
swimming and kayaking, spelunking,
climbing, and mountain biking

November 4-5, 2005

Multisport race: pad-
dling, cycling, trekking,
and orienteering

May 16,2009
Endurance-length
jungle race

jungle trekking,

304 200 230
189 (62%) 192 (96%) 148 (64%)
80 (42%) 44 (23%) 20 (13.5%)
26 (68%) 14 (45%) 10 (91%)

34 (range, 21-50)
74% (of contacted cohort)

15 (range, 1-24)

37 (range, 19-66)
66.7% (of all racers)

12.8, (range, 2-32)*

41 (range, 28-69)
90% (of suspected
cases)

9 (range, 1-13)*

cases 15 (range, 6-29) NA 13.5 (range, 2-22) 13 (range, 7-16)
Number of hospitalizations 21 (40% of Laboratory- 29 (36%) 3(7%) 5(25%)
(% of suspected cases) confirmed cases)
Fatality 0 0 0 0
Risk factors associated Swallowed lake water more Swimming in the Swallowing river or Cuts on the skin
with illness than once (MA) Segama river (MA) creek water (UA)
Eating wet food (MA)
Doxycycline prophylaxis 0 20 (11%) 0
Commonly identified Grippotyphosa, Bratislava, ~Australis Australis Pyrogenes
Leptospira serogroups Djasiman (serovars)
Leptospira organisms L. Kirschneri from 1 athlete L. weilii from Member of species 0
isolated (PCR amplification 1 athlete (rrs and L. noguchii (potential
of target DNA) secY gene sequences) new serovar)
Isolation of pathogenic 0 (lake water) ND 0 (water samples, soil ND
Leptospira species from samples)
environmental samples
Precipitation before the
race (type of climatic
event) Heavy rains Heavy rains Hurricane Wilma Heavy rains

PS = present study; MA = multivariable analysis; UA = univariable analysis; NA = not available; PCR = polymerase chain reaction; ND = not done.

*Patients with suspected cases without laboratory confirmation.

it relies on the detection of antibodies against leptospiral
antigens, which do not become detectable until 1 week after
the onset of symptoms. Over the last 2 years (2008-2009),
MAT on serum samples (data from the National Reference
Center of Leptospira, France) have shown that the most
prevalent Leptospira serogroups in Martinique have been
Icterohaemorrhagiae (34%), Sejroe (16%), Canicola (14%),
and Pyrogenes (12%). In the current study the identification
of several serogoups by MAT could be related to cross-reac-
tions between serogroups or could be related to the multiple
potential environmental sources of infection reported by the
athletes (several rivers, muddy trails), along with the diversity
of potential wild and domestic animal reservoirs in tropical
areas.” The potential enzootic sources of leptospirosis in the
area where the race took place include numerous mamma-
lian species including rodents, opossums, pigs, cattle, and dogs.
Although participants were not specifically interrogated con-
cerning animal species found along the race, some participants
reported having seen pigs.

The first limitation of this study is the insufficient number of
respondents (64%), which did not allow correctly estimating
the attack rate. Other limitations of the study were the absence
of Leptospira isolation in cultures and the lack of environmen-
tal investigation. Neither river or soil sampling, nor domestic
or wild animal testing was performed. Following an outbreak

of leptospirosis among triathlon participants in Illinois, a wide
environmental investigation was performed, comprising sam-
pling lake water and various domestic and wild animal testing.’
Nevertheless, despite epidemiologic evidence of widespread
leptospiral contamination of the lake, the study did not iden-
tify any animal reservoir with the epidemic strain (Table 2).
Moreover, the authors eventually raised concerns about the
interpretation of both negative and positive samples when
screening large bodies of water, concluding that such testing
should not guide public health authorities. After another out-
break of leptospirosis among participants at an adventure race
in Florida, environmental investigation again failed to isolate
any Leptospira species despite numerous samples.®

The amount of rainfall in Martinique in May 2009 was nearly
three times higher than that observed over the past 60 years
for this specific month. On a site located at the end of the race,
114 mm of rain fell between 04 and 05 May 2009, this being
4 to 5 times more than the average values observed for the
same period during the previous 3 years.!” Outbreaks of lep-
tospirosis are typically associated with heavy rainfall and peri-
ods of flooding. The largest outbreak of leptospirosis reported
in the United States occurred among triathlon participants
and community residents in Springfield, Illinois, after heavy
rains.” Heavy rainfall was also reported before the two massive
outbreaks of leptospirosis, which involved participants in
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multisport races in Malaysian Borneo and Florida.*® Fur-
thermore, in the Caribbean and Latin America, epidemics of
leptospirosis have been reported after periods of flooding,
heavy rainfall, and hurricanes.>'*2° Considering the higher risk
of leptospirosis in tropical countries, especially after heavy
rainfall or periods of flooding, travelers and participants to
outdoor events with inevitable exposure to potentially con-
taminated water or soil should be informed as to personal
prevention measures and chemoprophylaxis.?! As illustrated
by the triathlon in Illinois, the multisport races in Malaysian
Borneo and Florida, this current study in Martinique, and sev-
eral other outbreaks of leptospirosis associated with water;
the first steps of prevention in athletes should be to avoid
swimming in rivers, swallowing lake or river water, and pre-
vent dermal cuts.>#78222 In addition, several studies suggest
that doxycycline could be used either as chemoprophylaxis
or as post-exposure prophylaxis and post-exposure empiri-
cal treatment.?>*?" Both a study of U.S. Army soldiers who
participated in a 3-week training exercise in the jungles of
Panama and another study in residents of a rural area of the
Andaman Islands found preventive efficacy of doxycycline,
administered 200 mg once weekly.?**> Administration of doxy-
cycline, 100 mg daily, represent an alternative chemoprophy-
laxis, in areas where malaria and leptospirosis are endemic, as
suggested by the preventive efficacy of such treatment during
the race in Borneo.* The Caribbean islands of Martinique and
Guadeloupe are not an endemic area for malaria and none of
the participants in our study reported taking such chemopro-
phylaxis. The use of post-exposure chemoprophylaxis has been
studied in Brazil for rural residents with high-risk exposure
to pathogenic leptospires and should be evaluated for asymp-
tomatic athletes after the identification of cases of leptospiro-
sis.?? In following, this study would not recommend empiric
self-treatment of febrile travelers and rather advise them to
seek medical attention as a first course, considering the broad
spectrum of tropical diseases causing acute febrile illness, such
as malaria and arbovirus.”

Sporting events and ecotourism in tropical areas are
increasing and travelers are exposed to a wide range of patho-
gens, some of them exclusively tropical but also pathogens of
worldwide distribution such as leptospirosis, whose incidence
is even higher following periods of heavy rainfall and flood-
ing. Such travelers should be made aware of specific warn-
ings and recommendations concerning the recognized route
of transmission of these bacteria, and information regarding
chemoprophylaxis should be disseminated when the risk of
transmission is high and unavoidable.
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