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Abstract. The aim of the study was to determine the seroprevalence of Neospora caninum and Toxoplasma gondii 

in dogs and evaluate the risk of infection of dogs and women in antenatal consultation in the city of Saint Louis 

(Senegal). Investigators recorded information via interview of owners of 100 dogs and 136 women in antenatal 

consultation in the town of Saint Louis. They related to the age, the sex, the lifestyle and the medical condition of 

the dogs. The level of education, contact with carnivores and the dietary habits were taken into account to assess 

the risk of human infection. A blood sample was taken from each animal for the search for anti Neospora caninum 

(LSIVET Blocking competitive ELISA multi-species) and anti-Toxoplasma gondii antibodies using the modified 

direct agglutination method (BioMerieux©Toxo-ScreenDA). The seroprevalence recorded in the population of 

dogs was 48±9.7% (neosporosis) and 68±9.1% (toxoplasmosis). The co-infection rate of the dogs was 36±9.4%. 

No studied variables were associated with the prevalence of the neosporosis. On the other hand, bitches were 2.5 

times more infected with Toxoplasma gondii (95%CI=1.1-7.7; p<0.05) and the absence of deworming of the 

animals increased by 2.5 times the risk of contamination (95%CI=0.9-6.7; p<0.05). The investigation conducted 

on women showed that 87.5% of them had an age ranging between 15-36 years, 60.3% did not have access to 

education and 17.6% presented unexplained miscarriages. Risk factors of infection that were investigated, in 

particular contact of the women of Saint Louis with the carnivores (57.4% and 63.2% with dogs and cats 

respectively), well/borehole water consumption by 13.3% of the women, the dietary habits including the 

consumption of raw vegetables, insufficiently cooked meats, grills and raw milk by 80.2%, 24.3%, 64.7% and 

53.7% of the women respectively show a real exposure of the human population to Neospora caninum and 

Toxoplasma gondii. Moreover, the insalubrity of the city and insufficient family hygiene could be additional risk 

factors of human infection. 
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Introduction 
 
The “One health” concept is an initiative which 
aims at the reinforcement of the partnership 
between biologists, veterinarians and medical 
doctors for the wellbeing of human and animal 
populations, altogether in a healthy 
environment. In developing countries, many 
diseases common to man and animals are 
neglected. They are indeed insidious and do 
not attract attention of political decision 
makers as much as the three great diseases 
(“Big three”) which are HIV/AIDS, malaria and 
tuberculosis but also diseases like avian 
influenza and hemorrhagic fevers which seem 
to induce high morbidities and mortalities. 
 
Thus, toxoplasmosis and neosporosis, insidious 
protozoan diseases, developing unnoticed 
within the populations, remain a public health 
concern in Africa. Toxoplasmosis (Toxoplasma 
gondii) mainly affects humans and sheep, 
having as definitive hosts cats and wild felids 
whereas neosporosis (Neospora caninum) 
mainly affects cattle. The definitive domestic 
host of Neospora caninum is the dog (Dubey et 
al., 2007). 
 
Neospora caninum and Toxoplasma gondii 
belong to the Sarcocystidae family. They induce 
mainly fetal losses and neuropathies in 
sensitive species. Domestic, wild, terrestrial 
and marine mammals as well as birds are 
receptive (Dubey et al., 2007; Kamga-Waladjo 
et al., 2008b). 
 
The importance of these protozoan diseases 
prompted many epidemiological studies in 
order to identify their reservoirs and the 
transmission modes of the parasites (Tenter et 
al., 2000). The consumption of raw or poorly 
cooked meat containing parasite cysts and 
consumption of drinking water, fodder (for the 
animals), fruit and vegetables (for humans) 
contaminated with oocysts excreted by the 
final hosts are the two principal modes of 
exogenous contamination. Within an infested 

population, vertical transmission sustains the 
endogenous contamination from the mother to 
the product of gestation (Dubey et al., 2007). 
 
Surveys conducted from 1982 to 2011 in 
bovine, swine, feline and canine populations in 
Senegal reveal seroprevalences for 
toxoplasmosis and neosporosis ranging from 
10 to 72% (Kamga-Waladjo et al., 2009a; 
2009b; 2010; 2011; Pangui et al., 1993; 
Vercruysse, 1982). 
 
In spite of the omnipresence of these protozoa 
wherever they were searched, only the 
diagnosis of toxoplasmosis is occasionally 
recommended in antenatal consultation for 
women in Senegal with an average prevalence 
of 40% (Faye et al., 1998). As regards 
neosporosis, it is still neglected and even 
unknown by the medical doctors whereas 
studies have revealed anti-Neospora caninum 
antibodies in man, in several countries with 
prevalences between 5 and 40% recorded in 
Northern Ireland, Brazil, Korea and the USA 
(Nam et al., 1998; Graham et al., 1999; Tranas 
et al., 1999; Lobato et al., 2006). 
 
The aim of the study was to determine the 
seroprevalence of Neospora caninum and 
Toxoplasma gondii in dogs and to evaluate the 
risk of infection of dogs and women received in 
antenatal consultation in the region of Saint 
Louis in Senegal. 
 
Material and methods 
 
Study region and period 
 
The study was carried out from July to 
September 2011 in the city of Saint Louis 
(Senegal). It is located in the Sudano-sahelian 
zone which is characterized by one hot and 
humid rainy season of variable length (June-
October) and one dry season (November to 
May). The lowest temperatures (15-20°C) are 
recorded in January. For the rest of the year, 
temperatures oscillate between 20 and 40°C. 
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Precipitations are very variable from one year 
to another and annual average rainfall is 250 
mm. The vegetation consists of woodland, 
shrubby and herbaceous savanna. Natural 
pasture is abundant in rainy season and is 
composed of grass and leguminous plants. This 
“wintry” vegetable cover encourages 
impoverished shepherds to often lead their 
animals on this natural pasture usually 
accompanied by their shepherd dogs. Farming 
and the animal breeding constitute the main 
activities practiced by more than 44% of the 
working population in the Saint Louis area 
estimated at 901,036 inhabitants in 2010. It is 
made up of 49% men and 51% women (ANSD, 
2010) who mainly consume beef (39.6%), 
mutton/goat meat (22.2%) and chicken 
(26.4%). The Saint Louis bovine, ovine/goat 
and poultry population is estimated at 301,301, 
649,781 and 1,657,529 heads respectively 
(ANSD, 2009). The traditional type of ruminant 
breeding system characterized by the daily 
movement of the animals towards pasture 
during the day remains the leading source of 
supply of meats consumed. A minority of 
farmers raise the best producers in a semi-
extensive mode, supply them with agricultural, 
agro-industrial by-products and cattle feed 
upon return from the pasture. 
 
As regards the dog, it occupies a place of choice 
in most rural (hunting mate and shepherd’s 
mate, watchdog, pet) as well as city households 
(watch dog, police dog, pet). The national 
animal husbandry directorate estimated in 
2001, the national population of dogs in 
Senegal to be 1 million (Sénégal République, 
2002). However, there is no statistical data on 
the regional distribution of the domestic 
carnivores in Senegal. 
 
Animal material 
 
Due to the absence of the statistical data on the 
dog population in the city of St Louis, we have 
used the estimated size of the carnivore 
population of Senegal (1,000,000) which 
enabled us to determine our sample size with 
Win Episcope 2.0® software. This led us to 
carry out our cross-sectional study by capture 
of 100 occasional stray and domestic dogs in 
the city of St. Louis, recorded irrespective of 
age, sex and physiological state. 

The occasional stray animals belong to a 
household, spend the major part of the day in 
the street, feed themselves on dumps and 
sometimes, by their owner who provides the 
medical care. The domestic dogs are rather 
well cared for (treated, vaccinated), are fed 
with kitchen leftovers and occasionally, with 
fresh or insufficiently cooked meat. They 
sometimes run away during the heat periods of 
females and frequent stray dogs with which, 
they live together (Akakpo et al., 1984). 
 
Saint Louis is an agro-pastoral zone and the 
mode of breeding of livestock predisposes 
these carnivores to live along herds of cattle, 
sheep and goats. Thus they can occasionally 
consume the placentas and the runts of these 
animals who are raised for income. Stray dogs 
obtain drinking water from ponds and streams 
and domestic dogs from the owner’s household 
water supply. 
 
Animal capture, restraint and blood sampling 
 
The capture of the dogs often required the 
presence of the owner. They were identified by 
their name, breed, sex, age and address of their 
owners. Restraint was done using a muzzle and 
tranquillization required the use of 
Acepromazine (CalmivetTM) and Ketamine 
(ImalgeneTM). 0.1mg/kg and 8mg/kg were the 
respective doses administered via the 
intramuscular route. 
 
The blood samples were collected from either 
one of the three veins: cephalic, jugular or 
internal femoral. The blood collected in dry 
tubes (5 ml) was cold preserved in a 
refrigerator for 2 to 3 hours which corresponds 
to the convey time to the laboratory where it 
was centrifuged at 3500 rpm for 10 minutes. 
The serum collected in identified cryotubes, 
was preserved under -20°C at the serology unit 
of the laboratory of protozoan diseases of 
EISMV until serological testing. 
 
Serological testing 
 
The tests related to the research of anti-N. 
caninum and anti-T. gondii antibodies by multi-
species competitive ELISA (Lsivet© N. caninum 
Blocking ELISA, sensitivity: 89%, specificity: 
99%) and direct agglutination (MAT) 
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(Biomérieux©Toxo-ScreenDA, sensitivity: 
96.22%, specificity: 98.8%). These tests were 
performed in accordance with Lsivet© (ref. 5-
VETNEO-001) and BioMerieux© (Toxo-
ScreenDA, ref.: 75481) laboratories’ 
recommendations. 
 
Recording and statistical analysis of data 
 
Two investigation forms were designed with 
one intended for animals and the other for 
women. 
 
They were tested and managed by direct 
interview of the animal owners and women of 
Saint Louis received in antenatal consultation 
in the hospitals of the area. They were thus 
used to record socio-demographic variables in 
particular sex, age, breed, lifestyle and medical 
condition of the animals. 
 
Among women, age group, level of education, 
maternity and miscarriages were recorded. 
Factors like the dietary habits and contact with 
carnivores (dogs and cats) were taken into 
account to assess the risk of contamination. 
These data were recorded using Epidata 3.1 
software, and then was analyzed using the 
Rcommander 2.12.0 software. 
 
Apparent and real prevalence were determined 
(Toma et al., 2001). The chi-square test with 
threshold of 5%, the odds ratios (OR) and the 
confidence intervals (CI) at 95% were 
calculated to appreciate the strength of 
association of the qualitative variables to the 
seropositivity of the animals. 
 
Results 
 
Seroprevalence and risk factors of neosporosis 
and toxoplasmosis in dogs 
 
The seroprevalence of neosporosis in the canine 
study population was 48±9.8% (real prevalence 
= 53.4±9.6%) whereas that of toxoplasmosis 
was of 68±9.1% (real prevalence = 70.3±8.9%). 
The bivariate analysis on the sex, age, lifestyle 
and rabies vaccination did not reveal any 
significant association between the serologic 

prevalence of N. caninum and the studied risk 
factors (p>0.05). On the other hand, bitches 
were 2.5 times more infected with Toxoplasma 
gondii (95%CI=1.1-7.7; p<0.05) and the absence 
of deworming of the animals increased the risk 
of contamination by 2.5 (95%CI=0.9-6.7; 
p<0.05) (table 1). 
 
The rate of co-infection of Saint Louis dogs with 
toxoplasmosis and neosporosis was 36±9.4%. 
 
Socio-demographic data of the studied 
population 
 
The women received in antenatal consultation 
in Saint Louis hospitals were young: 119 
(87.5%) out of 136 that women belong to the 
age category 15-36 years. Majority of this 
population has no access to education (82 out of 
136, 60.3%) and more than 67% have given 
birth at least once. Among the women who have 
given birth, 16.8% (16 out of 95) have had a 
miscarriage during one of previous pregnancies 
and more than 10% of the abortions occurred in 
the 1st trimester of pregnancy. However, none 
the women took laboratory test to seek the 
cause of the abortion. 
 
The women residing in Saint Louis testified they 
were in contact with dogs (57.4%) and cats 
(63.2%). In addition, 13.3% of them consume 
water from well and/or boreholes. They also 
claimed they consume raw market-gardening 
produce (80.2%), poorly cooked meat (24.3%) 
and raw milk (53.7%) with their families (table 2). 
 
Discussion 
 
Seroprevalence and risk factors of neosporosis 
and toxoplasmosis in Saint Louis dogs 
 
The seroprevalence of neosporosis obtained in 
our study is higher than that reported in 
Tanzania (22%) (Dubey et al., 2007). However, 
our results are comparable with those 
presented in Argentina (43.95%), Brazil 
(40.5%) (Dubey et al., 2007) and Costa Rica 
(48.4%) (Palavicini et al., 2007). 
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Table 1. Seroprevalence of protozoan diseases (neosporosis and toxoplasmosis)  
and infection risk factors in a population of dogs 

 

Variables 
  Neosporosis  Toxoplasmosis 

 
Total 

number 
(N) (%) p OR 

95% 
CI(OR) 

 (N) (%) p OR 
95% 

CI(OR) 

Breed Local 78 37 47.4 NS NC NC  56 71.8 NS NC NC 
 Mixed 13 3 23.1     7 53.8    
 Exotic 9 8 88.9     5 55.6    
Sex Female 33 19 57.6 NS 1.78 0.76-4.1  27 81.8 S 2.58 1.05-7.7 
 Male 67 29 43.3     41 61.2    
Age 0-12 m. 6 2 33.3 NS 1.91 0.34-10.7  5 83.3 NS 2.46 0.29-20.82 
 >12 m. 94 46 48.9     63 67.0    
Lifestyle Stray 62 29 46.8 NS 1.13 0.5-2.56  46 74.2 NS 2.09 0.88-4.92 
 Domestic 38 19 50.0     22 57.9    
Deworming Yes 27 13 48.1 NS 0.99 0.41-2.41  13 48.1 S 2.58 0.9-6.69 
 No 73 35 47.9     55 75.3    
RV Yes 21 12 57.1 NS 0.63 0.24-1.66  11 52.4 NS 2.35 0.8-6.26 

 No 79 36 45.6     57 72.2    

Total  100 48 48±9.7     68 68±9.1    

OR: Odd Ratio; 95%CI: 95% Confidence Interval; NS: Non significant difference; S: Significant difference; NC: Not calculated;  
m.: months; RV: Rabies vaccination. 
 
 

Table 2. Population characteristics and infection risk factors for 136 women  
received in antenatal consultation in Saint Louis hospitals from July to September 2011 

 

 Total number (136) Percentage (%) 
Description of the human population   

 Age group (year) [15-25[ 73 53.68 
 [26-36[ 46 33.82 
 [37-47] 17 12.50 
Miscarriages (Number per age group) [15-25[ 7 9.59 
  [26-36[ 6 13.04 
 [37-47] 3 17.65 
Maternity Primiparous 45 33.09 
 Pauciparous                 32 23.53 
                               Multiparous 59 43.38 
Education Unschooled 82 60.29 
  Schooled 54 39.71 
Human infection risk factors   

 Contact with dogs yes 78 57.35 

No 58 42.65 

Contact with cats Yes 86 63.24 

No 50 36.76 
Drinking water Water supply 118 86.76 

Other 18 13.24 
Consumption of market gardening produce Yes 109 80.15 

No 27 19.85 

Meat consumption Well cooked 103 75.74 

Poorly cooked 33 24.26 

Consumption of grilled meat Yes 48 35.29 

No 88 64.71 

Milk consumption Raw 73 53.68 
  Pasteurised 63 46.32 

Primiparous = women with 1st pregnancy, Multiparous = women having more than 4 children, Pauciparous = women having 
1 to 3 children (Adoubryn et al., 2004). Other sources of water consumed: well and borehole. 
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In Senegal, the seroprevalence of neosporosis 
in dogs from the city of Saint Louis (48±9.7%) 
is higher than the observations reported by 
Kamga-Waladjo et al. (2009a) in the cities of 
Dakar (13.5%) and Thies (14.8%). The high 
prevalence of the canine neosporosis in the city 
of Saint Louis could be justified by their 
lifestyle. Indeed, most dogs spend most of the 
day in the streets and feed on dumps. Thus 
they are generally in contact with cattle and 
sheep herds which are mainly raised in the 
extensive mode. At home, the dogs are fed with 
kitchen leftovers and occasionally, with fresh 
or insufficiently cooked meat. 
 
As regards toxoplasmosis, the seroprevalence 
(68±9.1%) is higher than the observations of 
Kamani et al. (2010) in Nigeria (25%) and 
those of Jittapalapong et al. (2007) in Thailand 
(9.4%). However, it remains lower than the 
91% obtained in Brazil (Germano et al., 1985). 
 
The variations of serologic prevalence of these 
protozoan diseases could be explained by the 
geo-climatic differences, the size and the mode 
of sampling, the lifestyle of the dogs and the 
characteristics of the serologic tests used 
(Lindsay et al., 1999; Dubey et al., 2007). The 
climatic conditions of Saint Louis are favorable 
to the sporulation and the survival of the 
oocysts excreted by domestic final hosts of 
Neospora caninum (dogs) and Toxoplasma 
gondii (cats). This favors their persistence in 
the environment and the contamination of the 
intermediate hosts. Thus, the serologic 
prevalence of the toxoplasmosis in the dog 
population of Saint Louis could be a reflection 
of the level of contamination of the 
environment by oocysts of Toxoplasma gondii 
excreted by cats of the city of Saint Louis which 
are heavily infected (75%) (Kamga-Waladjo, 
personal observations). 
 
Among the studied exposure factors, in 
particular breed, sex, lifestyle and medical 
condition of dogs of the city of Saint Louis, none 
was associated with the seropositivity of the 
dogs to neosporosis. On the other hand, bitches 
were 2.5 times more infected and the absence of 
deworming of the animals increased the risk of 
contamination with Toxoplasma gondii by 2.5 
times. According to Euzéby (1987), the sex does 
not influence the prevalence of animal 

toxoplasmosis at all. Our observations can 
reveal heterogeneity of the sample size. Indeed, 
the total number of males is double that of the 
females and the number of animals which were 
not dewormed is 2.7 times higher than those 
dewormed. Although the encysted bradyzoites 
remain in tissues of the hosts, only techniques 
which help to (i) to reveal the products of 
metabolism (ii) and the identification of the 
parasites reduce the level of false negatives 
(Kamga-Waladjo et al., 2008a). 
 
The rate of co-infection of Saint Louis dogs by 
the toxoplasmosis and the neosporosis was 
36±9.4%. It can be justified by the free ranging 
lifestyle of the carnivores in particular the dogs 
and the cats of the city of Saint Louis which 
spend most of the day in the street, feed on 
dumps and drink from streams. Consequently, 
they introduce T. gondii and N. caninum 
oocysts which seem to be present in the 
environment. Therefore, the risk of 
contamination of the human population with 
Neospora caninum and Toxoplasma gondii is 
indeed real. 
 
Risk factors for human infection with 
neosporosis and toxoplasmosis in the region of 
Saint Louis 
 
The majority of women received in antenatal 
consultation in the hospitals of the city of 
Saint Louis were young (15 to 36 years). This 
could be justified by early marriages in the 
various regions of Senegal. Indeed, the 
average marriage age of girls is 21 years and 
15 % of young girls of less than 20 years have 
already given birth, to at least, one child. This 
is also true for 55% of women between the 
ages 20 and 24 (ANSD, 2009). These facts 
could explain the low level of education of the 
women in our study. Young girls are given 
very early for marriage and are for most part 
housewives. They thus perform daily, 
household works and do not go to school. In 
studies conducted in Africa, Europe and the 
United States, the low level of education 
represents a risk factor of infection by 
protozoan diseases in particular 
toxoplasmosis (Bouratbine et al., 2001; Jones 
et al., 2001; Berger et al., 2007; Laboudi et al., 
2009). Work conducted by Jones et al. (2001) 
reveals that the people with a low socio-
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economic status would engage more in 
activities which have a relation to land. 
Moreover, they may practice less hygiene in 
their houses particularly after using kitchen 
utensils for cutting raw meat. These end up 
acting as potential sources of contamination. 
Contrary observations were made among 
French women in 2003 in whom, the low level 
of education independent of the socio-
professional level does not constitute a risk 
factor for infection with T. gondii (Berger et 
al., 2007). 
 
Concerning previous miscarriages recorded 
among women in antenatal consultation 
(17.6%), no research was carried out to identify 
the causes of these fetal losses. This situation 
could be related to the absence of compulsory 
dispositions for diagnosis of certain abortive 
diseases like toxoplasmosis in Senegal and 
ignorance by fellow gynecologists of certain 
diseases common to humans and animals, which 
could be the causes of unnoticeable fetal losses 
in the female population. Studies conducted in 
Northern Ireland, Brazil, Korea and the USA 
have confirmed the possibility of contamination 
of man by N. caninum, with prevalence between 
5 and 40% (Nam et al., 1998; Graham et al., 
1999; Tranas et al., 1999; Lobato et al., 2006). In 
addition, the relatively high cost screening in 
particular toxoplasmosis screening test in 
laboratories of the town of Saint Louis (30000 
FCFA, Kamga-Waladjo, personal observations) 
compared with the low-income of households, 
does not encourage those concerned to inquire 
on the causes of fetal losses which are recorded. 
 
Investigated infection risk factors including 
contact with carnivores (57.4% and 63.2% 
respectively with dogs and cats), the 
consumption of well and/or borehole water by 
13.2%, dietary habits such as the consumption 
of raw vegetables, insufficiently cooked mutton, 
grills and raw milk by 80.2%, 24.3%, 64.7% and 
53.7% respectively, show a real exposure of 
Saint Louis families to N. caninum and T. gondii. 
This is justified by the high serologic prevalence 
in the carnivore population, which are final 
hosts of the parasites. 
 
The number of women who have asserted to be 
in contact with carnivores might have been 

underestimated because most carnivores of the 
city of Saint Louis are actually occasional strays. 
 
In France, an investigation into the risk factors 
of contamination of pregnant women shows 
the significant role of certain dietary habits like 
the consumption of insufficiently cooked 
mutton or beef and the consumption of poorly 
washed raw vegetables (Baril et al., 1999). In 
addition, Ancelle et al. (1996) highlighted a 
positive correlation between the regional 
mutton consumption and the prevalence of the 
toxoplasmosis, because of the strong 
receptivity and sensitivity of sheep to 
toxoplasmosis. Thus, the reduction of self-
supply of mutton in France from 73% in 1985 
to 46% in 2006, and the importation of mutton 
from countries with low endemicity like the 
United Kingdom and New Zealand, probably 
contributed to the reduction of the prevalence 
of toxoplasmosis (Baril et al., 1999). Control 
measures for animal toxoplasmosis which 
were put in place could have also had an 
influence. These assertions could also hold for 
neosporosis because (i) protozoan disease 
parasites belong to the same Sarcocystidae 
family, (ii) of the morphological similarities of 
the parasitic forms as well as their clinical 
manifestations (iii) and the high consumption 
of beef from herds kept on pasture in extensive 
mode, alongside dogs infected by N. caninum 
(48±9.7%) (Dubey et al., 2007; Kamga-Waladjo 
et al., 2008a; 2008b). 
 
Besides these risk factors confirmed on 
different continents (Acha and Szyfres, 2005; 
AFSSA, 2005; Baril et al., 1999; Chouchane et 
al., 2007), the insalubrity of the city and 
insufficient family hygiene could be additional 
causes of human infection (AFSSA, 2005). 
Moreover, sandstorms which are present 
between December and May in the area could 
contribute to the dissemination of the 
sporulated oocysts of these protozoan diseases 
in the city of Saint Louis. 
 
Conclusion 
 
This study confirms the circulation of N. 
caninum and T. gondii in the dog population of 
the city of Saint Louis. The high 
seroprevalences which were recorded could be 
a reflection of a strong environmental 
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contamination with the oocysts of the 
aforementioned parasites. The oocysts could 
play a central role in the transmission of these 
protozoan diseases in city of Saint Louis 
because (i) of the sudano-sahelian weather, 
conditions which are favorable to the 
sporulation and the survival of the oocysts 
excreted by the domestic final hosts, and (ii) 
their ability of directly (via market-gardening 
products), or indirectly (via the slaughtered 
animals) contaminating humans. Thus, the 
prospect for the evaluation of the real risk of 
human contamination requires taking into 
account the prevalence of oocysts in the 
environment and among hosts which serve as 
bio-indicators, hence witnesses of the 
environmental contamination. 
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