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Abstract

Background

Leptospirosis is a widespread but underreported cause of morbidity and mortality. It has

rarely been reported in either humans or animals in Madagascar.

Methods

We conducted a cross-sectional survey of the inhabitants in Moramanga, Madagascar, in

June 2011, to estimate the prevalence of human infection using the microscopic agglutina-

tion test (MAT). This activity was carried out as part of a workshop implemented by the Pas-

teur Institute of Madagascar, focusing on surveillance with a one week field study and

targeting the health staff of the district level.

Results

In total, we sampled 678 inhabitants from 263 households. The sex ratio (M/F) was 0.65 and

the mean age 26.7 years. We obtained a value of 2.9% for the first recorded seroprevalence

of this disease in the human community of Moramanga. Questionnaire responses revealed

frequent contacts between humans and rodents in Moramanga. However, activities involving

cattle were identified as a risk factor significantly associated with seropositivity (OR=3).

Conclusion

Leptospirosis remains a neglected disease in Madagascar. This study highlights the need

to quantify the public health impact of this neglected disease in a more large scale, in all the

country and to establish point-of-care laboratories in remote areas.
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Introduction
Leptospirosis is a worldwide zoonotic infection for which incidence is highest in tropical re-
gions [1,2], constituting a major public health problem in developing countries. Humans are
usually infected by contact with urine of an infected host, contaminated drinking water or soil,
or infected animal tissue. Notorious reservoirs are rodents, but reservoirs include a variety of
wild and domestic animals, livestock, and insectivores.

Leptospira are conventionally divided into two species, the pathogenic Leptospira interro-
gans and the saprophytic Leptospira biflexa. More than 60 serovars have been described in the
latter and over 250 serovars in 25 serogroups are recognized in L.interrogans.

It has long been a matter of concern for public health in the southwestern Indian Ocean
[3–5]. On the islands close to Madagascar, incidence ranges of 5/100,000 for Reunion Island,
9/100,000 for Mayotte and 101/100,000 for the Seychelles have been reported [5]. The environ-
mental and socioeconomic conditions of Madagascar, with its tropical climate, rice and sugar
cane agriculture, livestock farming, slums and the presence of the notorious commensal ro-
dents Rattus norvegicus (brown rat) and R. rattus (black rat), would be expected to favor lepto-
spirosis transmission [6]. However, despite the similarity between conditions on Madagascar
and on other nearby islands, the disease has rarely been reported in either humans or animals
on Madagascar, where diagnosis is based solely on indirect evidence obtained through antibody
detection. A study carried out in the Toliara district in 1968 detected both human and animal
leptospirosis. Silverie et al. reported that 51% of patients with clinically suspected disease were
seropositive for serogroups Tarassovi, Grippotyphosa, Hebdomadis and Australis, and that the
seroprevalence of Leptospira was 46% in cattle and 8% in pigs [7]. However, subsequent efforts
to detect the infection failed to confirm these results. In a survey conducted in Antananarivo,
on 2646 serum samples from subjects with no symptoms suggestive of leptospirosis, agglutinat-
ing antibodies against the Icterohaemorrhagiae, Grippotyphosa and Canicola serogroups were
found in only five samples [8]. In a subsequent study, 105 workers with occupational exposure
to Leptospira underwent serological screening; antibodies were found in only one worker, and
their titer was low [9].

Animal surveys have reported an absence of seropositivity in dogs, sheep, donkeys, horses,
cattle and pigs from other sites [10]. No pathogenic strains were obtained from bacteriological
cultures of kidney samples from 55 R. rattus and 50 Pteropus rufus (Madagascan flying fox)
collected at Marovitsika-Anjiro (100 km north of Antananarivo)[8]. A more recent PCR-based
study detected no kidney carriage in 115 rats, 50 zebu cattle and 13 pigs from various sites [9].

The first direct evidence of widespread leptospiral carriage in small mammals in Madagascar
was obtained in 2009 [11]. Rates of infection, calculated from the frequencies of positive PCR re-
sults, were highest in Moramanga (54%), Toliara (48%) andMahajanga (47.4%). The 10 isolates
obtained from nine rats were all identified as species L. interrogans serogroup Canicola serovar
Kuwait and all had identical partial rrs and secY sequences[11]. However, the geographic restric-
tion of seropositivity in Rattus species to the Moramanga district remains unexplained. The epi-
demiological features of leptospirosis in this setting require further investigation. We therefore
carried out a survey in Moramanga in 2011, to estimate the prevalence of specific antibodies
in humans.

Methods

Setting
This study was conducted in Moramanga, a low-income semi-urban area, on the central east-
ern region of Madagascar. This area was selected because it was here that the DNA carriage in
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Rattus species (54%) was highest in 2009 [11]. The survey was carried out over the course of
one week in June 2011, at the start of the cold season, as part of a workshop for the training of
health district staff in the use of surveillance tools.

Sampling
A cross-sectional study was conducted between May 31st 2011 and June 4th 2011, in all the
neighborhoods of Moramanga. Households were selected at random for study in each neigh-
borhood. All family members were included in the study, for each household.

Data collection
A predesigned, semi-structured and validated questionnaire was used for data collection during
house-to-house visits. Participants were asked to provide sociodemographic information, and
information about the nature of their employment, potential contact with animals whilst at
work, the type of contact with animals, the presence of rats at home and in the workplace,
types of contact and environmental factors (Table 1).

Microscopic agglutination tests (MAT)
We performed the standard MAT reference test as described by Faine et al. [12], using a battery
of 15 serovars of Leptospira spp. as antigens. All strains were maintained in liquid Ellinghausen-
McCullough-Johnson-Harris medium (Biorad 55954) at 28°C for one week before testing.

MAT titers are reported as the reciprocal of the largest dilution resulting in the agglutination
of at least 50% of the live bacterial antigen, and titers of at least 1:100 were considered positive
[13]. The strains were added to serially diluted serum samples in 96-well flat-bottom microtiter
plates, which were then incubated at room temperature for two hours. Agglutination was then
evaluated by dark-field microscopy at 10 or 20X magnification. The Leptospira species included
in the antigen panel are listed in Table 2. Serovars for which 50% agglutination was achieved
with the highest sample dilution were considered to be probable predominant serovars. Serum
samples were considered to be MAT-negative if no agglutination was detected.

Statistical analysis
Data analyses were performed with R software[14]. For all statistical tests, a p-value less than
0.05 was considered to denote statistical significance. Qualitative variables are expressed as per-
centages. Groups were compared in Fisher’s exact tests for categorical variables and quantita-
tive variable were compared in nonparametric tests (Kruskal-Wallis tests).

Ethics statement
Written informed consent was obtained from each adult participant and from the parent or
guardian of each child before enrollment. The study was approved by the National Ethics Com-
mittee of the Ministry of Health of Madagascar.

Results
In total, 263 households and 813 inhabitants participated in the study. Blood samples were
obtained from 678 subjects. Serum was obtained from these samples and subjected to the mi-
croscopic agglutination test (MAT) for antibodies. The median number of inhabitants per
household was 3 (range: 1–10). In total 477 of the subjects studied (59%) were female, and 334
(41%) were male. The mean age of the study subjects was 25.7 years (95% CI: [24.6–27.1]) and
the median age was 22 years (range: 6 months to 87 years).
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Table 1. Characteristics of the study population in Moramanga, 2011, and risk factors for leptospirosis.

All N = 813 Sampled N = 678 Positive N = 20

n (%) n (%) n (%) p

Sex

male 334 (41) 266 (39) 7 (35) 0.82

female 477 (59) 410 (61) 13 (65)

Age

median 22 23 17 0.17

range [0.5–87] [0.5–87] [3–55]

Presence of rats in the household 691 (85) 585 (86) 16 (80) 0.33

Noise in the ceiling 492 (72) 414 (71) 10 (63) 0.45

Food eaten 582 (84) 499 (85) 14 (87) 0.99

Rat feces in the rooms 462 (67) 404 (70) 12 (75) 0.78

Water used for washing

River or pond 174 (21) 42 (21) 5 (25) 0.58

Tap 345 (43) 297 (44) 9 (45) 0.99

Well 343 (42) 285 (42) 9 (45) 0.83

Other (specified)

Drinking water

River or pond 35 (4) 30 (4) 1 (5) 0.60

Tap 390 (48) 332 (49) 9 (45) 0.82

Well 394 (49) 320 (47) 10 (50) 0.82

Other (specified)

Work setting

Office 527 (65) 448 (66) 11 (55) 0.33

Workshop 17 (2) 16 (2) 0 (0) -

In the fields 114 (14) 98 (15) 3 (15) 0.99

Outdoors, but not in the fields 95 (12) 75 (11) 4 (20) 0.26

Shed or barn 12 (1) 9 (1) 0 (0) -

Presence of rats in the workplace 486 (60) 418 (62) 8 (40) 0.07

Noise in the ceiling 312 (66) 269 (66) 3 (38) 0.15

Food eaten 345 (72) 296 (72) 6 (75) 0.99

Rat feces in the rooms 278 (58) 252 (62) 3 (38) 0.21

Contact with animals 727 (90) 601 (90) 19 (95) 0.71

Rats 552 (96) 453 (95) 14 (93) 0.51

Dogs 230 (32) 186 (31) 8 (42) 0.31

Cats 229 (31) 194 (32) 6 (32) 0.99

Pigs 156 (21) 133 (22) 1 (5) 0.09

Cattle 89 (12) 75 (12) 6 (31) 0.02

Bats 26 (4) 25 (4) 0 (0) -

Leisure activities

Fishing in the river 157 (19) 141 (21) 2 (10) 0.39

Swimming in the river 262 (32) 226 (33) 6 (30) 0.81

Hunting 20 (2) 10 (1) 0 (0) -

Last febrile illness

Currently 54 (7) 46 (7) 2 (10) 0.63

Last month 107 (13) 93 (14) 3 (15) 0.75

Last 12 months 45 (6) 39 (6) 2 (10) 0.32

More than one year 186 (23) 163 (24) 2 (10) 0.18

(Continued)
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In total, 410 (61%) of the subjects from whom blood samples were collected were female
and 266 (39%) were male. The mean age of these subjects was 26.7 years (95% CI: [25.4–28.1])
and their median age was 23 years (range: 6 months to 86 years). The characteristics of the
total study population did not differ significantly from those of the population of subjects from
whom blood samples were obtained (Table 1).

MAT results were positive for 20 of the 678 subjects from whom samples were collected; se-
roprevalence was therefore estimated at 2.9% (95%CI: [1.9%-4.7%]). MAT detected antibodies
against the Icterohaemorrhagiae (n = 16), Panama (n = 3) and Canicola (n = 2) serogroups.
Antibodies against both the Icterohaemorrhagiae and Canicola serogroups were found in
one individual.

Contact with cattle was the only risk factor identified in univariate analysis (OR: 3.4 95% CI:
[1.03–10.03], p-value = 0.02; Table 1).

Discussion
The primary aim of this survey was to demonstrate the existence of exposure to leptospirosis in
the human population of Moramanga, as suggested by the recent finding of an estimated DNA
carriage of 54% in the mammalian population of the area [11]. The prevalence of leptospirosis
in the inhabitants of Moramanga was estimated at 2.9%. Based on our recent findings, Mada-
gascar seems to have lost its exceptionally low leptospirosis prevalence status among the islands

Table 1. (Continued)

All N = 813 Sampled N = 678 Positive N = 20

n (%) n (%) n (%) p

History of travel

During the last week 20 (2) 14 (2) 0 (0) -

Last month 32 (4) 27 (4) 1 (5) 0.56

Last 12 months 43 (5) 30 (4) 1 (5) 0.60

More than one year 104 (13) 84 (12) 2 (10) 0.99

doi:10.1371/journal.pone.0122683.t001

Table 2. Leptospira strains used in this study.

Species Serogroup Serovar Strain

L.interrogans Australis Australis Ballico

L.interrogans Autumnalis Autumnalis Akiyami A

L.interrogans Canicola Canicola Hond Utrecht IV

L.borgpetersenii Ballum Castellonis Castellon 3

L.borgpetersenii Sejroe Hardjobovis Sponselee

L. interrogans Ictero Copenhageni Wijnberg

L. noguchii Panama Panama CZ 214 K

L.biflexa Semaranga Patoc Patoc I

L. interrogans Pomona Pomona Pomona

L. interrogans Pyrogenes Pyrogenes Salinem

L.borgpetersenii Sejroe Sejroe M84

L.borgpetersenii Tarassovi Tarassovi Perepelistin

L.interrogans Canicola kuwait TOA 25

L.interrogans Canicola kuwait TOL 17

L.interrogans Canicola kuwait TOL 55

doi:10.1371/journal.pone.0122683.t002
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of the Indian Ocean. The estimated prevalence of leptospirosis was higher than that for Re-
union Island, which was estimated at about 1.1% in 1991 [15] and at less than 1% in 2006 [3].
However, the prevalence of leptospirosis in Moramanga seems to be similar to that is some
areas of Reunion Island with high rainfall. Duval et al. [15] reported differences in prevalence
as a function of rainfall, from 0.7% on the west coast to 3.1% in south-eastern areas. However,
the prevalence of leptospirosis appeared to be lower in Moramanga than in the Union of Com-
oros. A recent study reported estimated prevalences of 3.4% in Anjouan, 4.2% in Grande-
Comore and 10.3% in Mohéli [16].

Previous investigations in Madagascar failed to detect leptospirosis in humans. Lhuiller
et al. [8] reported a low seroprevalence in the inhabitants of Antananarivo. However, in 1968,
Silverie et al. reported a prevalence of 51% in selected patients [17] with clinical symptoms,
but this result cannot be compared with that reported here since this new study was a cross-
sectional community-based study. Furthermore, these new results are not representative of all
the country because limited to the population in Moramanga.

The prevalence of the different Leptospira serogroups in human populations depends
strongly on the local reservoir hosts and the strains they carry [18]. The only risk factor identi-
fied in this study was contact with cattle. Bovine leptospirosis has already been suspected in
Madagascar [19], but the renal carriage of Leptospira in cattle has never been documented [9].
The ecology of leptospirosis in this region of Madagascar, including the range and importance
of various reservoir animals, is, therefore, probably not completely understood. The rat is rec-
ognized as the major reservoir host for the bacterium, but recent data from Reunion Island in-
dicate that almost all mammals can act as a source of contamination. Pathogenic Leptospira
spp. (L. borgpetersenii, L. interrogans) were recently found in bats in Madagascar and the
Union of Comoros [20]. A better knowledge of animal leptospirosis is therefore essential, to
improve assessments of the risk to humans. The study area for this investigation was therefore
selected on the basis of results for surveillance in mammals [11].

Acute leptospirosis has never been reported in Madagascar. In humans, clinical leptospirosis
has diverse manifestations, but it generally causes a febrile illness that is often difficult to distin-
guish from other acute influenza-like fevers, such as dengue, influenza, chikungunya and ma-
laria during its early stages [1]. A lack of appropriate laboratory facilities is the principal reason
for the failure to diagnose leptospirosis in Madagascar, highlighting the need for point-of-care
laboratories in remote areas [21].

Madagascar is a large island and our cross-sectional study was restricted toMoramanga district.
This is undoubtedly a limitation for conclusion about the all country leptospirosis status but is an
important first step to go further in the description of the epidemiological profile of the country.

Conclusion
Information about leptospirosis in Madagascar remains scare. Risk assessment should take
into account not only the diagnosis of incident cases in humans, but improvements in our
knowledge of animal risks and the correspondence between human seroprevalence data and
different climate areas and seasons.

Acknowledgments
This study would not have been possible without the excellent support of all the participants in
the 2011 surveillance workshop. We are deeply indebted to all the field workers who contrib-
ute, every day, to the Moramanga project. We also acknowledge the tremendous work of all the
technicians of the plague unit and the staff of the Laboratoire de Bacteriologie Parasitologie Vir-
ologie (Reunion Island).

Leptospirosis in Madagascar

PLOS ONE | DOI:10.1371/journal.pone.0122683 April 14, 2015 6 / 8



2011 surveillance workshop group. FromMadagascar: Razanadrasoarivony Jeanne
Toussainte, Andrianasy Volasoa, Figaro Francine Noëla, Andrianarisoa Vonimboahangy
Rachel, Ravalitera Tsito, Mbimbisoa Jocelyn, Rajoelina Aro Tafohasina, Andrialalasoamahafaly
Lalah, Ralalason Dera Harinjafimino, Tidahy Noromalala Sylvie; from Union of the Comoros:
Houmadi Abdallah; fromMauritius: Deepchand Geerish

Disclaimer. The views expressed in this article are those of the authors and do not neces-
sarily reflect the official policy or position of the Madagascan Ministry of Health.

Author Contributions
Conceived and designed the experiments: VR S. Rajatonirina. Performed the experiments:
M. Ratsitorahina S. Rahelinirina. Analyzed the data: VR S. Rajatonirina. Contributed reagents/
materials/analysis tools: VR S. Rajatonirina S. Rahelinirina AMM. Rajerison. Wrote the paper:
VR S. Rajatonirina M. Ratsitorahinia AM.

References
1. Levett PN. Leptospirosis. Clin Microbiol Rev. 2001; 14: 296–326. doi: 10.1128/CMR.14.2.296-326.

2001 PMID: 11292640

2. WHO. Leptospirosis worldwide, 1999. Relevé Épidémiologique Hebd Sect Hygiène Secrétariat Société
Nations Wkly Epidemiol Rec Health Sect Secr Leag Nations. 1999; 74: 237–242. doi: 10.5681/joddd.
2013.010 PMID: 23875081

3. Desvars A, Michault A, Bourhy P. Leptospirosis in the western Indian Ocean islands: what is known so
far? Vet Res. 2013; 44: 80. doi: 10.1186/1297-9716-44-80 PMID: 24016311

4. Paganin F, Bourdin A, Dalban C, Courtin J- P, Poubeau P, Borgherini G, et al. Leptospirosis in Reunion
Island (Indian Ocean): analysis of factors associated with severity in 147 confirmed cases. Intensive
Care Med. 2007; 33: 1959–1966. doi: 10.1007/s00134-007-0776-y PMID: 17639339

5. Yersin C, Bovet P, Mérien F, Wong T, Panowsky J, Perolat P. Human leptospirosis in the Seychelles
(Indian Ocean): a population-based study. Am J Trop Med Hyg. 1998; 59: 933–940. PMID: 9886203

6. Duplantier J, Duchemin J. Human Diseases and Introduced Small Mammals. The Natural History of
Madagascar. The University of Chicago Press Books. StevenM. Goodman and Jonathan P. Benstead;
2004. pp. 158–161.

7. Silverie R, Monnier M, Lataste-Dorolle C. [Recent survey of leptospirosis on Madagascar. Contribution
to the study of human, bovine and porcine leptospirosis in the southern region]. Bull Société Pathol
Exot Ses Fil. 1968; 61: 346–359. doi: 10.1016/j.brainresbull.2012.06.011 PMID: 22771876

8. Lhuillier M. [Leptospiroses in Madagascar. (Bacteriological and serological study)]. Arch Inst Pasteur
Madagascar. 1978; 46: 429–439. PMID: 747442

9. Ralaiarijaona RL, Bellenger E, Chanteau S, Roger F, Pérolat P, Rasolofo Razanamparany V. [Detec-
tion of leptospirosis reservoirs in Madagascar using the polymerase chain reaction technique]. Arch
Inst Pasteur Madagascar. 2001; 67: 34–36. PMID: 12471745

10. Brygoo ER, Kolochine-Erber B. [Research on leptospirosis in Madagascar]. Bull Société Pathol Exot
Ses Fil. 1956; 49: 686–698. doi: 10.1016/j.brainresbull.2012.06.011 PMID: 22771876

11. Rahelinirina S, Léon A, Harstskeerl RA, Sertour N, Ahmed A, Raharimanana C, et al. First isolation and
direct evidence for the existence of large small-mammal reservoirs of Leptospira sp. in Madagascar.
PloS One. 2010; 5: e14111. doi: 10.1371/journal.pone.0014111 PMID: 21124843

12. Faine S. Guidelines for the control of leptospirosis. Geneva, Switzerland: World Health Organisation;
1984. Report No.: 67.

13. Ganoza CA, Matthias MA, Saito M, Cespedes M, Gotuzzo E, Vinetz JM. Asymptomatic renal coloniza-
tion of humans in the peruvian Amazon by Leptospira. PLoS Negl Trop Dis. 2010; 4: e612. doi: 10.
1371/journal.pntd.0000612 PMID: 20186328

14. R Development Core Team. R: A Language and Environment for Statistical Computing [Internet]. Vi-
enna, Austria: R Foundation for Statistical Computing; 2010. Available: http://www.R-project.org/

15. Duval G, Michault A, Baranton G, Law-Koune JD, Folio G, Bertil G, et al. [Seroepidemiological study of
human leptospirosis at Reunion Island]. Rev Dépidémiologie Santé Publique. 1991; 39: 135–141.

16. Gomard Y, Silai R, Hoarau G, Bon K, Gonneau F, Yssouf A, et al. Serologic evidence of leptospirosis in
humans, Union of the Comoros, 2011. Emerg Infect Dis. 2014; 20: 720–722. doi: 10.3201/eid2004.
131207 PMID: 24655720

Leptospirosis in Madagascar

PLOS ONE | DOI:10.1371/journal.pone.0122683 April 14, 2015 7 / 8

http://dx.doi.org/10.1128/CMR.14.2.296-326.2001
http://dx.doi.org/10.1128/CMR.14.2.296-326.2001
http://www.ncbi.nlm.nih.gov/pubmed/11292640
http://dx.doi.org/10.5681/joddd.2013.010
http://dx.doi.org/10.5681/joddd.2013.010
http://www.ncbi.nlm.nih.gov/pubmed/23875081
http://dx.doi.org/10.1186/1297-9716-44-80
http://www.ncbi.nlm.nih.gov/pubmed/24016311
http://dx.doi.org/10.1007/s00134-007-0776-y
http://www.ncbi.nlm.nih.gov/pubmed/17639339
http://www.ncbi.nlm.nih.gov/pubmed/9886203
http://dx.doi.org/10.1016/j.brainresbull.2012.06.011
http://www.ncbi.nlm.nih.gov/pubmed/22771876
http://www.ncbi.nlm.nih.gov/pubmed/747442
http://www.ncbi.nlm.nih.gov/pubmed/12471745
http://dx.doi.org/10.1016/j.brainresbull.2012.06.011
http://www.ncbi.nlm.nih.gov/pubmed/22771876
http://dx.doi.org/10.1371/journal.pone.0014111
http://www.ncbi.nlm.nih.gov/pubmed/21124843
http://dx.doi.org/10.1371/journal.pntd.0000612
http://dx.doi.org/10.1371/journal.pntd.0000612
http://www.ncbi.nlm.nih.gov/pubmed/20186328
http://www.R-project.org/
http://dx.doi.org/10.3201/eid2004.131207
http://dx.doi.org/10.3201/eid2004.131207
http://www.ncbi.nlm.nih.gov/pubmed/24655720


17. Silverie R, Monnier M, Lataste-Dorolle C. [Recent survey of leptospirosis on Madagascar. Contribution
to the study of human, bovine and porcine leptospirosis in the southern region]. Bull Société Pathol
Exot Ses Fil. 1968; 61: 346–359. doi: 10.1016/j.brainresbull.2012.06.011 PMID: 22771876

18. Bharti AR, Nally JE, Ricaldi JN, Matthias MA, Diaz MM, Lovett MA, et al. Leptospirosis: a zoonotic dis-
ease of global importance. Lancet Infect Dis. 2003; 3: 757–771. PMID: 14652202

19. Buck G, Kolochine-Erber B, Quesnel J. [Bovine leptospirosis should be suspected in Madagascar]. Bull
Société Pathol Exot Ses Fil. 1956; 49: 681–686. doi: 10.1016/j.brainresbull.2012.06.011 PMID:
22771876

20. Lagadec E, Gomard Y, Guernier V, Dietrich M, Pascalis H, Temmam S, et al. Pathogenic Leptospira
spp. in bats, Madagascar and Union of the Comoros. Emerg Infect Dis. 2012; 18: 1696–1698. doi: 10.
3201/eid1810.111898 PMID: 23017768

21. Sokhna C, Mediannikov O, Fenollar F, Bassene H, Diatta G, Tall A, et al. Point-of-care laboratory of
pathogen diagnosis in rural Senegal. PLoS Negl Trop Dis. 2013; 7: e1999. doi: 10.1371/journal.pntd.
0001999 PMID: 23350001

Leptospirosis in Madagascar

PLOS ONE | DOI:10.1371/journal.pone.0122683 April 14, 2015 8 / 8

http://dx.doi.org/10.1016/j.brainresbull.2012.06.011
http://www.ncbi.nlm.nih.gov/pubmed/22771876
http://www.ncbi.nlm.nih.gov/pubmed/14652202
http://dx.doi.org/10.1016/j.brainresbull.2012.06.011
http://www.ncbi.nlm.nih.gov/pubmed/22771876
http://dx.doi.org/10.3201/eid1810.111898
http://dx.doi.org/10.3201/eid1810.111898
http://www.ncbi.nlm.nih.gov/pubmed/23017768
http://dx.doi.org/10.1371/journal.pntd.0001999
http://dx.doi.org/10.1371/journal.pntd.0001999
http://www.ncbi.nlm.nih.gov/pubmed/23350001

