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Abstract

A serological study was carried out in two Senegalese villages located in the
Sine-Saloum region in order to estimate the presence of anti-leptospiral antibodies
in humans and animals, and to identify the predominant serogroups. Seven hundred
and forty-nine serum samples were collected from humans (n = 545), dogs (n = 33),
donkeys (n = 20), goats (n = 52), sheep (n = 43) and N’'Dama cattle (n = 56), all origi-
nated from Dielmo and Ndiop villages. All samples were tested for different serovars
of pathogenic Leptospira species by the microscopic agglutination test. Considering
titres = 1:100, 7.7% [Cl 95:5.5 to 9.9] on the 545 human blood samples tested and
42.2% [Cl,::35.4 to 48.9] on the 204 animal blood samples tested were found to be
positive to one or more serovars. The results obtained indicate that the Australis
serogroup is the most prevalent serogroup in human (67.3%) and cattle (27.3%).
Serogroup Icterohaemorhagiae is the most frequent serogroup in goat (55.6%) and
donkey (37.5%). Canicola (23.4%), Icterohaemorhagiae (21.1%) and Australis (12.5%)
serogroups are the most prevalent serogroups in dogs. This study shows that diverse
Leptospira serovars occur in a wide range of wild and domestic mammal species, as
well as in humans in Senegal. However, further studies are needed to better under-
stand the complexity of Leptospira epidemiology in Africa, identify the reservoirs of
different serogroups and estimate its impact on livestock. Understanding the multi-

host epidemiology of leptospirosis is essential to control and prevent the disease.
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sera (Picardeau 2013). Recent species determination by DNA ho-

mology has identified 13 pathogenic Leptospira spp., and seven of

Leptospirosis is a worldwide zoonotic disease caused by spiro-
chaetes of the genus Leptospira. More than 300 distinct leptospiral
serovars of pathogenic Leptospira species are now recognized (Adler
& de la Pena 2010). These serovars are grouped into 25 serogroups,
according to the presence of agglutinating antibodies in analysed

them (L. interrogans, L. borgpetersenii, L. santarosai, L. noguchii, L. wei-
Ili, L. kirschneri and L. alexanderi) are considered to be the principal
agents of human and animal disease (Cerqueira & Picardeau 2009;
Evangelista & Coburn 2010). All these pathogenic species were

previously considered as different serovars of one same species,
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Leptospira interrogans. Leptospirosis is considered an emerging or re-
emerging disease in several countries. Therefore, although present
on all continents except Antarctica, leptospirosis is more prevalent
in tropical or subtropical areas of the world. This disease is often
linked to climate changes, poor living conditions in urban slums, but
also to hobbies, pet ownership or recreational activities in the wild.
Human are infected by contact with infected animal tissues or urine,
contaminated water or soil. Many reservoirs belonging to wild and
domestic animals are described but the most notorious are rodents.
Leptospira serovars often demonstrate a degree of animal host pref-
erence, and some common relationships between serovars and their
hosts are reported (Bharti et al. 2003; Adler & de la Pena 2010).

Leptospirosis is an important but neglected disease. Because
of the lack of data, the global impact of this disease is unknown.
Estimated leptospirosis incidence ranges from 0.1 to 1/100 000/
year in temperate countries to over than 100/100 000/year during
epidemics outbreaks in tropical areas. Between 300,000 and
500,000 severe cases are estimated to occur each year. More than
50% of severe cases may cause death (Bharti et al. 2003; Lau et al.
2010). More recently, a study based on a systematic review of pub-
lished morbidity and mortality studies and databases estimated,
using modelling, that there were annually 1.03 million cases (95%
Cl 434,000-1,750,000) and 58,900 deaths (95% Cl 23,800-95,900)
due to leptospirosis worldwide (Costa et al. 2015).

The highest median annual incidence of leptospirosis is in Africa,
standing at 95.5 per 100,000 people. Africa is followed by Western
Pacific (66.4), the Americas (12.5), South-East Asia (4.8) and Europe
(0.5) (WHO 2011). Leptospirosis is likely endemic in Sub-Saharan
Africa. In West-Africa, according to recent reviews, serological data
are only available for five countries: Nigeria, Ghana, Senegal, Mali
and Burkina-Faso (Zida et al. 2018). In Senegal, only three surveys,
conducted during the 1970s, were conducted and concerned only
Dakar and its district. Two of them have included studies in animals
(de Vries et al. 2014). Few data are available to compare Leptospira
infection in related human and animal populations. A good knowl-
edge of Leptospira serovars circulating in local animal populations
is important to determine the sources and transmission routes of
human infection (Allan et al., 2015), and for establishing disease con-
trol procedures. The objectives of this study were to estimate the
prevalence of anti-leptospiral antibodies among humans and animals
living in a rural Senegal, and to identify the predominant serogroups.
This knowledge will help to rationally design control and prevention

measures.

2 | MATERIAL AND METHODS

2.1 | Study area

The study was conducted in two Senegalese villages located
in the Sine-Saloum region: Dielmo (13°43'26"N;16°24'38"W),
280 km south of Dakar and 10 km from the Gambia, located near
the Nema river, and Ndiop (13°41'07"”N;16°23'01"W), 5 km from
Dielmo (Figure 1). The two villages are situated in an area of Sudan
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type savanna area with rainfall over a period of 4 months, from mid-
June to mid-October. Annual rainfall is about 600-700 mm (Trape et
al. 1994). Dielmo and Ndiop are two typical Senegalese villages in-
habited by Serers (Dielmo) and Wolof (Ndiop) people, who are settled
agricultural workers. Pearl millet (Pennisetum glaucum) and peanuts
are cultivated during the rainy season. Most of the household pos-
sess different domestic animals: dogs, cats, donkeys, cattle, sheep

and goats. There are also many poultry (mainly chickens and ducks).

2.2 | Human sample collection

For serological studies, we used the serum samples collected in 2014
from the serological bank created for the longitudinal study men-
tioned above (Trape et al. 1994). In total, 266 serum samples col-
lected in Dielmo (129 men and 137 women, mean age 21.8 ranged
from 0.6 to 92.3) and 279 samples from Ndiop (115 men and 164
women, mean age 19.5 ranged from 0.3 to 88.6) were tested.

2.3 | Domestic animals sampling

Two hundred and four blood samples were collected in 2012 from
33 dogs (Canis lupus familiaris Linnaeus, 1758), 20 donkeys (Equus
asinus Linnaeus, 1758), 52 goats (Capra aegagrus hircus Linnaeus,
1758), 43 sheep (Ovis aries Linnaeus, 1758) and 56 N'Dama cattle
(Bos taurus Linnaeus, 1758), all originated from Dielmo and Ndiop vil-
lages. The sampled animals represented 76% of the dogs, 34% of the
cattle, 43% of the sheep, 30% of the goats and 29% of the donkeys
present in these two villages according to the information collected
from each family. The animals collected were chosen according to
the consent of the owners and especially the limited times spent in
the field and were not vaccinated against leptospirosis. Dogs were

collected in the radial vein and other species in the jugular vein.

2.4 | Sampling of wild small mammals

Small mammals were captured alive in 2013 using locally made
wire-mesh traps baited with peanut butter and/or onions. The traps
were installed inside and outside the houses (two traps per room) in
Dielmo and Ndiop villages. The animals trapped were sacrificed by
means of cervical dislocation and necropsied in the field. For most
animals, a thick blood film was immediately prepared in the field.
Spleens of rodents and insectivores were collected (spleens were
initially collected for a study of Bartonella spp.) and were stored at
-80°C. Species of rodents and insectivores caught were identified
using morphological method (Granjon & Duplantier 2009). In total,
36 rodents were captured and sampled.

2.5 | Laboratory diagnostics

2.5.1 | Serological studies

After centrifugation, human and animal sera were stored at -20°C
before being sent to France for microscopic agglutination tests
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(MAT) in the veterinary school of Lyon. MAT is the reference se-
rological test, particularly appropriate for epidemiological studies,
since it can be applied to sera of any animal species, and because the
range of antigens used can be expanded or decreased as required.
The choice of the serovars used for each serogroup was based upon
the experience of the laboratory. These serogroups were more ex-
tended than those previously described in epidemiological studies
carried in continental Africa (Allan et al. 2015).

The MAT was performed using respectively 14 and 24 serovars of
pathogenic Leptospira species, for human and for animals’ samples: L.
interrogans (L. i.). Icterohaemorrhagiae (IH), L. i. Copenhageni (COP),
L. i. Australis (AUS), L. i. Muenchen (MUN), L. i. Bratislava (BRAT),
L. i. Autumnalis (AUT) L. i. Bim (BIM), L. i. Ballum BAL, L. i. Bataviae
(BAT), L. i. Canicola (CAN), L. kirshneri Grippotyphosa (GRIP), L. i.
Grippotyphosa Vanderhoedoni (VAN), L. i. Hebdomadis (HEB), L. i.
Panama (PAN), L. i. Mangus (MAN), L. i. Pomona (POM), L. i. Mozdok
(MQOZ), L. i. Pyrogenes (PYR), L. i. Sejroe (SJ), L. i. Saxkoebing (SAX), L.
borgpetersenii Hardjo (HJ), L. i. Wolfii (WOLF), L. i. Tarassovi (TAR) and
L. i. Cynopteri (CYN). The end point is the highest dilution of serum in
which 50% agglutination occurs. According to observations recorded
in the French Leptospira laboratory in Lyon, titres higher than 1:100
have been considered positive for humans and all animal species.

2.5.2 | Molecular biology

PCR assays were used to demonstrate Leptospira spp. infection
from DNA extracts of rodent spleens (Mérien et al. 1992; Zilber
et al. 2016). Thirty-six DNA samples were delivered to the French
Leptospira laboratory in Lyon. The analysis was carried out in
three steps: Identification of positive DNAs by PCR on 16S DNA/
Typing of Leptospira species on positive DNAs/ Trying to iden-
tify the serovar involved by Variable Number Tandem (VNTR).The
samples were identified by number and tested in pure concentra-
tion PCR according to the standardized protocol of the labora-
tory. The presence of an amplifiat of between 300 and 400 bp on
1.5% agarose gel after migration is considered a positive signal.
This method has been validly used in previous studies to explore
the renal carrier state in a very large variety of wildlife mammals
(Ayral et al. 2016).

2.6 | Statistical analyses

The prevalence was calculated as the number of animals with posi-
tive serum devised by the total number of animals studied in each
group. Prevalence rates were compared between species, location
and sex using Chi?> when the number of observation was suffi-
cient, or the Fisher exact test when it was not. Analysis of variance
(ANOVA) was used to evaluate associations between positivity to
leptospiral antibodies and age. Odds ratios (OR), 95% confidence
interval (Cl) and p values were calculated separately for each vari-
able. A p value < .05 was considered significant. All statistical tests
were carried out using the Epi Info Software (7.1.3.0 version, CDC
Atlanta, USA).

3 | RESULTS

Of the 545 human blood samples tested, 42 (7.7% [Cl,:5.5 to 9.9])
were found to be positive to one or more serovars when a cut off of
1:100 was applied (Data S1 and S2). Leptospiral prevalence accord-
ing to respective location was shown in Figure 2. The prevalence
rate was not significantly different between the two villages: 6.4%
Dielmo (17/266) and 9% Ndiop (25/279). Among the 42 human
positive samples there is no significant difference (p > .5; OR: 0.88
[0.44-1.75]) between female (22/301) and male villagers (20/244).

Correlation was found between seroprevalence and age (p < .01).
Positive individuals were older (27.9 £ 20) than seronegative (mean age
20 + 19). According to location, no correlation was found between se-
roprevalence and age in Ndiop (p > .1), but there is a statistically signif-
icant difference due to age in Dielmo (p < .01). There is no statistically
significant difference (p > .5) between the age of seropositive women
(mean age 29.1 + 25) and seropositive men (mean age 26.5 + 15.4).

Positivity can be observed for one or more leptospiral antigens,
so we have recorded 60 positive serological reactions with different
serovars for the 42 positive samples. The results of positive MAT
according to leptospiral serovars in human (and different animal spe-
cies) are shown in Table 1.

Of atotal number of 204 animal blood samples, 86 (42.2% [Cl,;:35.4
to 48.9]) tested positive with one or several serovars of pathogenic lep-
tospiras when a cut off of 1:100 was applied (Data S3). According to the
species, the positive sera were obtained from 16 of 20 donkeys (80%
[Cly.:56 to 94]), 18 of 52 goats (34.6% [Cl,s:22 to 49]), 3 of 43 sheep's
(7% [Clys:1 to 19]), 17 of 56 cattle (30.4% [Cl,.:19 to 44]) and 32 of 33
dogs (97% [Cl,5:91 to 100]) tested. The prevalence rate is significantly
lower (p < .001) in sheep than in any other animal species tested. There
is no statistically significant difference between dogs and donkeys
(p > .05), as well as between goats and cattle (p > .05). The prevalence
rate is significantly higher (p < .001) in dogs and donkeys.

Positivity can be observed for one or more leptospiral antigens,
so we have recorded 312 positive serological reactions with differ-
ent serovars for the 86 positive samples. This phenomenon is due
in general to the presence of co-agglutinins in sera, but does not ex-
clude the possibility that the animal is infected simultaneously with
several strains or keeps a serological trace of prior(s) infection(s).

The results of positive MAT according to leptospiral serovars
in different animal species (and human) are shown in Table 1. The
prevalence rates (%) of the different serovars according to spe-
cies are presented in Figure 3. The distribution of different se-
rogroups among the seropositive animals, according to species is
presented in Figure 4. Figure 5 illustrates the distribution of ani-
mal hosts by serogroups. Trapped rodents have all been identified.
They belonged to four species and were distributed as follows:
Gerbilliscus gambianus (Thomas, 1910) (n = 17), Mastomys erythro-
leucus (Temminck, 1853) (n = 15), Mus musculus (Linnaeus, 1758)
(n = 3) and Arvicanthis niloticus (Desmarest, 1822) (n = 1). Two
of 36 rodents were positive for 16S PCR for leptospirosis (Data
S4). Sequences of amplified DNA fragment by the 16S rDNA PCR
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FIGURE 1 Location of the study area
in Senegal (copyright of map: Wikimedia

Commons Atlas) /
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allowed species identification after alignment with all 16S rDNA
sequences of all known Leptospira species and result permit the
identification of L. interrogans for G. gambianus and L. kirschneri
for M. erythroleucus. The identification of the corresponding sero-
vars could not be completed due to a too weak and simultaneously

non-specific signal (VNTR).

4 | DISCUSSION

4.1 | Prevalence

The results obtained show that 7.7% of apparently healthy villagers
and 42.2% of domestic animals from the same households are sero-
logically positive with one or several serovars of pathogenic lepto-
spira, without evidence of clinical leptospirosis.

Leptospirosis is probably endemic in West Africa, where recent
epidemiological data are lacking. The last studies in Senegal date
back to the 1970s (Sarrat et al. 1973; Sankale et al. 1976).

4.2 | Serogroups

The MAT is the reference test for the diagnosis and screening of
leptospiral infection. However, the existence of cross-reactions be-

tween several serovars of Leptospira limits the accuracy of this test

for serotyping. Therefore, the results were analysed at the sero-
group level. Samples that were positive for several serovars of the
same serogroup were considered positive for this serogroup, and in
case several serogroups were positive, the infecting serogroup was
affected to the one with the highest titre. The results obtained indi-
cate serogroup Australis as the most frequent serogroup in human
(67.3%) and cattle (27.3%). Serogroup Icterohaemorhagiae is the
most frequent serogroup in goat (55.6%) and donkey (37.5%). Rats
are usually considered the reservoir host of this serogroup (Bharti
et al. 2003). Ninety-seven percent of 33 dogs tested are positive.
Serogroups Canicola (23.4%), Icterohaemorhagiae (21.1%) and
Australis (12.5%) are the most prevalent serogroups in dogs. The
dogs collected in the two villages were not vaccinated against lep-
tospirosis, so the results indicate the real prevalence and the circu-
lation of strains of serogroups Icterohaemorrhagiae and Canicola
among dogs. Dogs are not usually considered as a reservoir for
Leptospira, except for Canicola (André-Fontaine 2006), thus the
high prevalence found in this study results from a heavy exposure
of dogs as incidental hosts, thus revealing the pressure of infec-
tion from the environment. The dog seems to be a good indicator
species for exposure, due to its extreme sensitivity to leptospiro-
sis and the fact that it shares the close human environment. This
particularly high prevalence in dogs living in a rural environment

has already been described in Gabon where the seroprevalence
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TABLE 1 Results of positive MAT per pathogenic leptospiral serovars in human and different animal species

Human Donkey

Serogroup (n = 545) (n=20)
Icterohemorrhagiae IH 2 12
CcoP 0 11
Australis MUN 0 5
AUS 11 4
BRAT 33 7
Autumnalis AUT X 1
BIM 0 2
Ballum BAL 7 0
Bataviae BAT X 0
Canicola CAN 0 3
Grippothyphosa GRIP 4 2
VAN X 0
Hebdomadis HEB 0 0
Panama PAN X 0
MAN X 0
Pomona POM X 0
MOz X 0
Pyrogenes PYR 0 4
Sejroe SJ X 1
SAX 3 0
HJ 0 0
WOLF X 0
Tarassovi TAR X 0
Cynopteri CYN 0 1
60 53

Note: X: unintended serovar

14.0 4
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10.0 A I
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g 80
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g 6.0 l
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20
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Dielmo (17/266) Ndiop (25/279) Total (42/545)

FIGURE 2 Percentage of Human positive samples for
leptospirosis (MAT), according to location (error bars indicate 95%
confidence intervals)

rate was higher in rural areas compared to an urban environment
(Roqueplo et al. 2015). This difference could be a consequence of
their way of life, because dogs in villages are more often used for
hunting in the forests and therefore have more contact with wild-

life (Roqueplo et al. 2015). The prevalence rate observed in our

N’Dama
Goat (n = 52) Dog (n = 33) Sheep (n =43) (n=56)
2 27 1 0
13 27 2 0
1 16 0 3
0 9 0 0
0 16 0 3
0 9 0 0
9 7 1 0
0 0 4
0 0 0 0
1 30 1 0
0 8 0 4
0 ) 0 0
0 2 0 3
0 2 0 0
0 5 0 0
0 S 0 0
0 4 0 1
1 8 1 1
0 6 0 0
0 2 0 2
0 2 0 1
0 2 0 0
0 6 0 0
0 12 0 0
27 204 [ 22

study is higher to the one observed in dogs in different studies
conducted in Africa (Nigeria, Zimabwe, Ugandan and South Africa).
The prevalence observed in these studies varies between 4.7% and
26.7%, with a cut-off = 1:100 (Agunloye et al. 2002; Gatley 2009;
Dhliwayo et al. 2012; Millan et al. 2013).

Although the small number of individuals per group did not allow
statistical comparative tests to be applied, it is possible to indicate
that, except in sheep, the Australis serogroup circulates in all hosts
studied.

Sheep are considered naturally insensitive and relatively resis-
tant to leptospiras (Ellis 1994), which may explain the low level of
seropositivity found in our study.

Results indicate a high biological diversity as, apart serogroup
Bataviae, all serogroups tested were identified. This high biodiver-
sity has already been reported in tropical or equatorial areas and
is supposed to be related to a wide range of mammalian reservoirs
(Bharti et al. 2003). The infection is endemic in domestic animals
and concerns all the species. The leptospirosis in ruminants, al-
though clinically not important, causes huge economic losses

and is considered a major plague of livestock farming. Indeed,



ROQUEPLO ET AL.

WILEY-2

100%
0,
0% H Donkey
80%
B Ndama
70%
3 60% = Goat
c
(]
® 50%
3 m Dog
a 40%
30% | m Sheep |
10% I
o | 1l ILEl T HITNETEEEN
IH | cop MUN| AUS |BRAT AUT | BIM | BAL | BAT | CAN GRIP| VAN | HEB | PAN |MAN POM | MOZ | PYR | SJ | SAX | HJ |WOLF TAR | CYN
& & O s & &£ & & S &
& & & e & & $ S & S & o & K
N N 3 2 @ > N o o 9 O 2 « &
3 2 S N i & S ] R KN h NS
& ~ > ~ ~ N Q & N ~ Q ~ N .
& « N < v & & N W - o &
N ~ L% ~
& ~
& v
O
O

FIGURE 3 Prevalence rates (%) of the different serovars according to species

the involvement of the leptospirosis in the abortion of ruminants
is largely recognized (Smith & Easmon 1990), venereal transmis-
sion of the bacterium has been demonstrated and the occurrence
of mastitis, associated with leptospirosis, has been described
(Simegnew 2016; Garoussi et al. 2017).

Our results confirm that the majority of domestic animals which
were positive have survived to leptospiral infections or are asymp-
tomatic. The presence of antibodies indicates that animals were ex-
posed to the pathogen. However, the cut-off points selected (low in
epidemiological investigation) and the absence of kinetic serology
do not, in most cases, lead to the conclusion of a current active
infection. Clinical signs are quite variable and most cases are prob-
ably unapparent and associated with host-adapted serovars, such

70.0

as Canicola in dogs and Hardjo in cattle (André-Fontaine 2006;
Grooms 2006).

4.3 | Rodents

Pathogenic leptospiral DNAs were identified in 2/36 samples be-
longing to G. gambianus and M. erythroleucus. G. gambianus is known
from the Sahel and Sudan savannas of Senegal, Mali and Niger. This
is a common species that is locally abundant and is occasionally
considered to be an agricultural pest. This species is found in wood-
lands on sandy and clay soils, and also in fallow lands and cultivated
fields. It has also been recorded on sandy and mangrove islands of
the Sine-Saloum Delta (Musser & Carleton 2005; Granjon 2017).
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FIGURE 4 Distribution of different serogroups of pathogenic Leptospira species in seropostives animals
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Mastomys erythroleucus occurs mostly in sub-Saharan northern
Africa. The main range is Gambia, Senegal, Guinea, Ghana, Sierra Leone,
Cote d'lvoire, Burkina Faso, Mali, Niger, Benin, Nigeria, Cameroon,
Central African Republic, Sudan, Ethiopia, eastern Democratic Republic
of the Congo, Burundi, western Uganda and northern Kenya. It is mainly
a lowland species. This species is found in a wide range of habitats,
mainly moist and dry savannas and dry forest in the west, as well as
moist and dry scrublands. It is a commensal species found in close asso-
ciation with human habitation but also in gardens and cultivated lands
(Granjon 2016).

The relatively low prevalence of leptospirosis infection in rodents is
certainly due to the fact that the research was conducted in the spleen
and not in the kidneys (natural persistence site for Leptospira species)
of rodents which, unfortunately, were not available for this study.
However, the presence of leptospiras in rodents’ spleens may indicate
that these two rodents were very heavily loaded with leptospiras or
had only a current or recent acute infection.

5 | CONCLUSION

This study shows that diverse Leptospira serovars occur in a wide range
of wild and domestic mammal species, and humans in Senegal. This
study also highlights the high prevalence of different leptospiral se-
rogroups, particularly among donkeys and dogs. The main serogroup
identified in human (Australis) is also significantly found in animals.
While virulent sources are essentially represented by the inexhaust-
ible reservoir of small wild mammals, it should not be forgotten that
domestic animals can in turn become a source of contamination.

As the key-point in the control of leptospirosis is based in the
control of rodents, in these villages, a fight against rodents with bur-
rows in the houses was carried out. Burrow entrances have been
cemented. This measure prevents occurrence of leptospirosis and
borreliosis in both human and domestic animal (dog and production
animal's herds). In addition, screening for human leptospirosis has

become more regular during fever.

Dogs can be considered as sentinels for human exposure to this
zoonotic organism. Their use as a sentinel animal for leptospirosis
in a national (or local) disease surveillance system in Africa could be
explored. The impact of this zoonosis on the health and livelihoods
of rural Senegalese living in these villages would merit further study.

Neglected tropical diseases are now a priority for global public
health. Leptospirosis may be a real public health problem in Africa,
for both human and animals. Virtual lack of data about leptospirosis
in West Africa should not hinder the possible impact of this disease
on public health and economy. Using an integrated “One Health”
approach to explore the relationship between human and animal
Leptospira infection in areas where human disease is identified, would
also provide invaluable evidence to quantify the direct and indirect
impacts of leptospirosis on human and animal populations in Africa
(Allan et al. 2015).
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