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Abstract
Aim: The objective of this investigation was to determine the seroprevalence and identify the risk factors of Toxoplasma 
gondii infection in the rabbit of the local Algerian population from five districts of Northern Algeria.

Materials and Methods: Blood samples of 350 rabbits were collected and analyzed for the presence of anti-T. gondii 
immunoglobulin G antibodies using the indirect enzyme-linked immunosorbent assay. Additional data concerning the farms 
and management practices were obtained through a questionnaire used in surveys and interviews.

Results: The overall seroprevalence was 14.6% (51/350). The seroprevalence was significantly higher in outdoor rearing 
farms and was linked to the presence of animals from other species on the farm. A higher seroprevalence was found in 
older animals compared to younger ones. No difference in seroprevalence was noted with respect to the origin or gender of 
animals, type of cage, feed and water sources, presence of cats in the vicinity, hygiene status, or season.

Conclusion: This study has shown that T. gondii prevalence in rabbits of the local population is relevant and may have 
important implications for public health in rural areas.
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Introduction

Most countries have one or more local rabbit 
breeds, which could play an important role in com-
mercial production [1]. The local rabbit population is 
an important source of meat consumption in Algeria, 
particularly in rural areas [2]. This population is well 
adapted to reproduce in heat stress condition [3]. 
Several studies were undertaken to characterize the 
zootechnical performances of this population [3-5]. 
However, no epidemiological data are available about 
the presence of the different pathogens that can infect 
animals of this population. Health status is a key point 
for the development of meat rabbit production [6]. 
Toxoplasmosis is one of the most common worldwide 
diseases in the livestock industry (economic losses) 
and, being a zoonosis, represents a serious public health 
problem [7]. Rabbits are infected by ingesting food or 
water contaminated with Toxoplasma gondii oocysts 
from cat feces, or by the transmission of T. gondii to 
off-springs through transplacental infection [8,9].

In humans, multiple routes of transmission are 
possible. The consumption of raw or undercooked 

rabbit meat has been recognized as the main cause 
for humans to catch T. gondii infection [10-12]. 
Furthermore, handling of rabbit and other animals’ 
raw meat increases the risk of transmission of T. gon-
dii to humans [13]. Rabbits and humans infected with 
toxoplasmosis do not usually show clinical symptoms; 
therefore, detection of antibodies is important in epi-
zootiology [14]. Seroprevalence of T. gondii infection 
is related to geographical location, being higher in 
tropical countries and lower in colder countries [15]. 
In Algeria, many serological studies focusing on the 
detection of T. gondii antibodies in livestock were 
published. These studies showed a seroprevalence of 
24% in sheep [16], 28% in horses and donkeys [17], 
and 14% and 7% in cattle and goats, respectively [18].

However, no studies have been published on rab-
bits in Algeria. The objective of the present study was 
to assess the seroprevalence of T. gondii and possi-
ble risk factors in farms raising rabbits from the local 
Algerian population.
Materials and Methods
Ethical approval and informed consent

This study was approved by the scientific council 
of High National Veterinary School, Algiers, Algeria. 
Informed consent was obtained from all the participants.
Animals and study area

All rabbits used in this experiment belonged to the 
local population. The characteristics of this population 
were described by Zerrouki et al. [3]. The blood samples 
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were collected from 350 rabbits raised in different 
farms (n=67) from five Northern Algeria districts. The 
sampling method used was stratified sampling, based 
on five strata, which were the five districts that repre-
sent the studied population. Within each stratum, we 
have carried out a random sampling: Boumerdes (18 
farms/97 samples) (36°45’16’’N/3°26’34’’E), Tizi 
Ouzou (18 farms/96 samples) (36°42’42’’N/4°02’47’’E), 
Bouira (12 farms/60 samples) (36°22’29’’N/3°54’07’’E), 
Algiers (12 farms/60 samples) (36°45’08’’N/3°02’31’’E), 
and Blida (7 farms/37) (36°28’12’’N/2°39’49’’E) from 
September 2017 to June 2018. These regions belong to 
the same bioclimatic stage (subhumid) and located at an 
altitude ranging from 156 to 519m above sea level.
Rabbits blood sampling

A blood sample (4 ml) was collected for each 
animal (n=350) during slaughtering in capped tubes 
without anticoagulant. Tubes were allowed to clot in 
a sloping position then centrifuged at 3.000 rpm for 
10 min. Sera were collected and stored at −20°C until 
analysis.
Study of risk factors

Epidemiological information regarding the dis-
trict, type of housing, farm hygienic conditions and 
type of cages, age and gender of animals, type of feed 
and water source, and presence of cats and animals 
from other species was collected through a question-
naire that was administered face-to-face (the respon-
dent was always the owner of the farm).
Serodiagnosis

Enzyme-linked immunosorbent assay (ELISA) 
tests were performed to detect immunoglobulin G 
(IgG) antibodies against T. gondii in sera (Multi-
species ID Screen® Toxoplasmosis Indirect, IDVET, 
Montpellier, France) according to the manufac-
turers’ instructions. The cutoff for positive results 
was defined with an optical density (OD) of 0.350 
(OD>0.350). Absorbance was measured at 450 nm 
with an automatic 96-well plate reader (Dialab 
EL×800). The results were expressed as sample/pos-
itive control (S/P) percentages according to the for-
mula: S/P% = OD sample/OD positive control×100. 
Sera with S/P≤40% were deemed as negative, between 
40% and 50% doubtful, between 50% and 200% pos-
itive, and ≥200% strong positive.
Statistical analysis

Statistical data analysis was performed using the 
MASS of R software (R  Development  Core  Team, 
2016). Univariate and multivariate logistic regres-
sion models were applied to determine the association 
between toxoplasmosis and the selected risk factors. 
For univariate analysis, the relationships between 
categorical variables and toxoplasma seroprevalence 
were tested one by one using the Chi-square test (𝜒2). 
Variables with values of p<0.02 in univariate analysis 
at 95% confidence level were included into the mul-
tivariable logistic regression model. This model was 

fitted using a forward stepwise selection procedure of 
significant variables (p<0.05).
Results

The presence of anti-T. gondii IgG antibodies 
was detected in 51 of the 350 test sera (14.6%, 95% 
confidence  interval [CI]:  10.9-18.3%)  (Table-1). The 
variables such as districts, presence of cats, gender, 
and season were not considered in the stepwise proce-
dure of selection of multivariable logistic regression 
model (p>0.20). Only the effect of the house type, the 
presence of animals from species other than rabbits, 
and the age of the tested animals were included in the 
final model (p<0.05).

The multivariate model indicated that the house 
type had a significant impact on the seroprevalence 
of T. gondii. Indeed, using an outdoor rearing system 
(Odd ratio [OR]: 8.5, 95% CI: 3.2-21.8, p<0.001) or 
covered house (OR: 5.3, 95% CI: 1.5-17.5, p=0.006) 
significantly increased the risk of acquiring T. gondii 
infection compared to using a modern rabbitry. 
Furthermore, the presence of animals from other spe-
cies in farms was found as a risk factor for T. gon-
dii infection. There was an increased probability of 
infection when other animals were present in farms 
(OR:  6.6,  95%  CI:  3.1-14.4,  p<0.001)  compared  to 
their absence.

Moreover, the age of rabbits was identified as 
another risk factor. There was a higher risk of T. gondii 
infection in rabbits >8 months old (OR: 12.9, 95% 
CI: 5.8-30.8, p<0.001) and 5-7 months (OR: 7.6, 95% 
CI:  3.2-18.9,  p<0.001)  compared  to  those  that were 
3-4.5 months.
Discussion

In Algeria, there are no data on T. gondii infec-
tion in rabbits. Recently, the rabbit population and its 
meat consumption have increased, and there is no reg-
ulation for the sale and slaughtering of these animals. 
Therefore, rabbits can contribute to increasing human 
toxoplasmosis, which was estimated previously at 
around 50% [19]. Determining toxoplasmosis sero-
prevalence in rabbits is a way to explore the poten-
tial risk of human infection caused by these animals. 
The main objective of this study was to investigate 
the seroprevalence and risk factors associated with 
T. gondii infection in rabbits of local Algerian pop-
ulation reared in different geographic locations. This 
investigation sampled five districts from Northern 
Algeria, characterized by a high number of breeders 
and meat rabbit consumption [20].

Different laboratory methods have been used 
by researchers to detect seroprevalence of T. gondii 
(modified agglutination test, ELISA, immunosorbent 
agglutination assay, indirect fluorescent antibody 
test and indirect hemagglutination assays, and Dye 
test) [21]. For this study, we chose to use an ELISA 
technique because it gives satisfying rapid, accurate, 
and sensitive results [22]. This technique was also 
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used in cats and dogs [23], sheep [24] as well as some 
wild animals [25].

The results of our study showed that the over-
all seropositivity for T. gondii (14.6%) in rabbits 
was similar to the one found in Spain [26] and in 
Mexico [27]. However, the seroprevalence found in 
this study is lower compared to that reported in some 
Arabic and European countries (Iraq: 86%, [28], 
Slovakia: 74%, [29], and Poland: 22%, [30]), and 
slightly higher than that reported in Egypt (11%; [31]), 
in Czech Republic (10%, [32]), and China (10%, [33]). 
The variation in the prevalence among different parts 
of the world may be due to geographic and ecolog-
ical factors, age, and husbandry practices of the 
animals [34], and differences in serological tech-
niques, number of individuals, and sampling proce-
dures [35,36]. However, in the current study, there 
were no strong differences in the climatic conditions 
of the five districts sampled. The potential risk fac-
tors that could be associated with seroprevalence 
of T. gondii infection were evaluated in the present 

study. In terms of rearing, higher seroprevalence was 
recorded in rabbits reared outdoor (42%), which 
is probably due to lower hygiene conditions, as per 
the findings previously reported by Wang et al. [33]. 
Moreover, in outdoor rearing systems, rabbits are 
often fed on grass that could be contaminated by 
T. gondii oocysts from cats which have higher resis-
tance in the environment [37,38]. Another reason 
could be that rabbits reared outdoors would poten-
tially come in contact with cats or other animals living 
in the area [39,40].

In our study, seroprevalence was significantly 
higher in farms where other animals were present 
(33.7% vs. 7.1%). It was reported that the presence of 
animals from different species such as goats, sheep, or 
cattle in areas where rabbits are raised increases the 
chance of T. gondii infection mainly caused by feeding 
on grass, which can be contaminated by oocysts [38]. 
In addition to that, T. gondii infection may be trans-
mitted to carnivorous mammals by ingesting infected 
prey such as birds and rodents [41].

Table-1: Seroprevalence of Toxoplasma gondii in rabbits of local Algerian population and associated factors risk in 
different districts of Northern Algeria.

Variables Categories Total Positive Prevalence Univariate Multivariate

Crude OR  
(95% CI)

p-value Adjusted OR  
(95% CI)

p-value

Districts Algiers 60 7 11.7 Reference 0.47 - -
Blida 37 7 18.9 1.76 (0.05-0.27) - -
Bouira 60 9 15 1.33 (0.46-3.99) - -
Boumerdes 97 18 18.6 1.72 (0.69-4.69) - -
Tizi Ouzou 96 10 10.4 0.88 (0.31-2.55) - -

House type Modern 
rabbitry

290 27 9.3 Reference <0.001 Reference

Artisan 
rabbitry

20 08 36.4 5.56 (2.06-14.26) 5.27 (1.55-17.55) 0.006

Outdoor 
rearing

38 16 42.1 7.08 (3.30-15.11) 8.25 (3.22-21.80) <0.001

Cages Wire mesh 190 18 9.5 Reference <0.001 - -
Craft cages 126 22 17.5 2.02 (1.04-3.98) - -
Free range 34 11 32.4 4.57 (1.88-10.83) - -

Hygienic status High 108 10 9.3 Reference 0.08 - -
Low 242 41 16.9 1.99 (0.96-4.16) - -

Feed Concentrated 174 13 7.5 Reference <0.001 - -
Mixed* 74 17 23 3.69 (1.69-8.22) - -
Concentrated 
and grass

102 21 20.6 3.21 (1.54-6.89) - -

Water source Pipe water 126 11 8.7 Reference 0.03 - -
Container 224 40 17.9 2.27 (1.15-4.81) - -

Presence of 
animals from 
other species

No 252 18 7.1 Reference <0.001 Reference <0.001
Yes 98 33 33.7 6.60 (3.53-12.69) 6.58 (3.14-14.44)

Cats in vicinity No 11 3 27.3 Reference 0.20 - -
Yes 339 48 14.2 0.44 (0.12-2.06) - -

Season Autumn 71 9 12.7 Reference 0.25 - -
Winter 117 13 11.1 0.86 (0.35-2.19) - -
Spring 162 29 17.9 1.50 (0.69-3.54) - -

Age (month) 3-4.5 214 9 4.2 Reference <0.001 Reference
5-7 64 16 25 7.59 (3.22-18.93) 7.43 (2.85-20.5) <0.001
≥8 72 26 36.1 12.87 

(5.84-30.81)
11.42 

(4.74-29.92)
<0.001

Gender Male 151 18 11.9 Reference 0.28 - -
Female 199 13 16.6 1.46 (0.80-2.77) - -

*Mixed=Fruits, vegetables, grain, OR=Odd ratio, CI=Confidence interval
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The relationship between age and rabbit toxo-
plasmosis showed that the prevalence was higher in 
rabbits older than 8 months of age. This is in agree-
ment with several previous studies [6,14]. Similar 
results were reported on sheep, goats and camels [42], 
cats [20], and dogs [43]. This may be related to the fact 
that rabbits that lived longer might be more likely to be 
exposed to infections from different sources [12]. The 
higher seroprevalence in older rabbits suggests that 
these infections are mainly maintained by horizontal 
rather than vertical transmission. However, Alvarado-
Esquivel et al. [27] and Uhliková and Hübner [8] have 
reported a higher T. gondii seroprevalence in young 
rabbits (age category: 0.3-1 month) and they also dis-
cussed the possibility of transplacental transmission. 
In our study, all rabbits used were older than 3 months.
Conclusion

The results of this first work have not only shown 
that T. gondii infection is widespread among rabbits 
of the local population in rural areas of Northern of 
Algeria but also provide information about the dif-
ferent risk factors contributing to its transmission. 
Despite the lower seroprevalence found in this study, 
it is possible that the infection, or toxoplasmosis, may 
also be prevalent in human beings living in the studied 
rural areas transmitted by rabbit meat consumption. 
Therefore, further studies, including other regions 
where rabbits are frequently consumed, should be 
conducted to pinpoint the prevalence in humans and 
rabbits. Finally, considering zoonotic potential and 
public health concerns, awareness of farmers in rural 
areas on means of transmission and prevention of 
T. gondii infection should be raised through education.
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