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Abstract: Toxoplasmosis and chlamydiosis remain among the primary causes of abortion and fetal
loss in small ruminants. Consequently, they are a source of considerable economic losses for farmers.
The objectives of this study were to determine the seroprevalence and highlight the risk factors
associated with Toxoplasma gondii and Chlamydophila abortus infection in small ruminants in Cameroon.
A cross-sectional study was conducted in 200 small ruminant farms during a period from April to
October 2021. A total of 1061 small ruminants were sampled, and the sera obtained were analyzed
using the indirect ruminant multi-species ELISA test for specific IgG antibody detection for T. gondii
and C. abortus at the National Veterinary Laboratory. A questionnaire was constructed to collect
information about flock management and risk factors possibly associated with T. gondii and C. abortus
infection in goats and sheep. Overall, 329 small ruminants tested positive for T. gondii-specific IgG
antibodies and 45 for C. abortus-specific IgG antibodies with a seroprevalence of 31.1% (95% CI:
28.2–33.8) for T. gondii and 4.2% (95% CI: 3.0–5.5) for C. abortus, respectively. However, a significant
co-infection of 1.8% (95% CI: 0.37–3.3) was obtained between T. gondii and C. abortus (p = 0.02).
Linear regression model analysis revealed that, the seroprevalence of T. gondii at the flock level was
significantly correlated with the region (0.22 CI: 0.17; 0.26) the breeding objectives (0.36 CI: 0.17; 0.56)
the level of hygiene (0.11 CI: 0.01; 0.21) and presence abortions (0.55 CI: 0.46; 0.64) on the farms
and that of C. abortus was significantly correlated with the regions (0.01 CI: 0.00–0.02) and degree
of abortion on the farms (−0.26 CI: −039; −0.14). At the individual level, a significant correlation
was observed between the seroprevalence of T. gondii and region (−0.09 CI: −0.14; −0.04), species
(0.07 CI: 0.01–0.14), sex (−0.11 CI: −0.18; −0.03), age (0.08 CI: 0.04–0.12) and physiological status
(0.21 CI: 0.18; 0.24). For C. abortus seroprevalence, a significant correlation was observed with the
regions (0.02 CI: 0.00; 0.03) and breed (0.01 CI: 0.01; 0.02) of small ruminants reared in the northern
regions of Cameroon. These results could be used to implement efficient management measures to
prevent and control T. gondii and C. abortus infection in goats and sheep in Cameroon.

Keywords: seroprevalence; risk factors; T. gondii; C. abortus; small ruminant farmers; Cameroon

1. Introduction

Small ruminant production plays an important role in Cameroon’s pastoral economy,
since it accounts for 20% of the protein needs of Cameroonians [1]. Despite numerous
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government efforts, this production remains insufficient to meet the demand of the na-
tional population [2,3] because it faces many constraints such as socio-cultural constraints,
dietary factors, poorly performing genetic material and the pathological factor [4–7]. The
latter is responsible for 30% of livestock losses in Cameroon [5]. Among these multiple
pathologies, abortive pathologies are a source of significant numerical and economic losses
on farms [8]. Among the infectious causes of abortion in small ruminants, toxoplasmosis
and chlamydiosis appear to be the most important causes of abortion [9–11].

Several studies have investigated the seroprevalence of T. gondii and C. abortus in sheep
and goats [12–22]. These studies point to the multiplicity and complexity of abortifacient
infections, either at the individual or herd level. The clinical manifestations and epidemio-
logical characteristics of abortions are not specific. At best, these elements can point to a
suspicion, hence the need for laboratory analysis. Analytical diagnosis uses direct methods
with a search for the causal agent or indirect methods (search for antibodies) [15,23].

In Cameroon, seroprevalence surveys of T. gondii infection have only been conducted
among pregnant women [24,25]. A seroprevalence study of C. abortus infection was carried
out in cattle in 1985 [26]. However, to date, no study has reported the seroprevalence of
these two infections in small ruminants in Cameroon. Determining the seroprevalence of
T. gondii and C. abortus and the risk factors associated with infection could contribute to the
control of these diseases in animals and indirectly in humans in Cameroon.

2. Results
2.1. Seroprevalence of T. gondii and C. abortus at Flock and Individual (Animal) Level

A total of 200 small ruminant flocks in the northern regions of Cameroon were included
in the study. Overall, 74 flocks tested positive for T. gondii and 6 flocks tested positive for
C. abortus, with a flock-level prevalence of 37% (95% CI: 30.3–43.7) and 3% (95% CI: 0.64–5.4),
respectively (Table 1). At the individual level, 1061 small ruminants over one month of
age were analyzed. In total, 329 animals tested positive for T. gondii and 45 for C. abortus,
with an individual prevalence of 31.01% (95% CI: 28.2–33.8) for T. gondii and 4.24% (95%
CI: 3.0–5.5) for C. abortus, respectively. However, a co-infection of 1.82% (95% CI: 0.37–3.3)
was obtained between T. gondii and C. abortus, with a significant difference (p = 0.02) in the
univariate analysis (Table 2).

Table 1. Seroprevalence of T. gondii and C. abortus infections on small ruminant farms in the northern
regions of Cameroon. (Adamawa, North and Far North).

Variables N
T. gondii C. abortus

Prevalence
n (%) 95% CI p Value Prevalence n

(%) 95% CI p Value

Flock prevalence 200 74 (37) 30.3–43.7 0.0001 ** 6 (3) 0.64–5.4 0.0001 **
Individual prevalence 1061 329 (31.1) 28.2–33.8 0.0001 ** 45 (4.2) 3.0–5.5 0.0001 **

Values in a column with “**” differ significantly at p < 0.001; CI—confidence interval, N—total number of animals,
n—number of positive animals.

Table 2. Univariate analysis of co-infection between T. gondii and C. abortus in small ruminants in the
northern regions of Cameroon (Adamawa, North and Far North).

Variables N
C. abortus

Prevalence
n (%) OR (95% CI) p Value

T. gondii
Doubtful 37 1 (2.7) 1.0 (Ref.) 0.02 *
Negative 695 38 (5.5) 2.1 (3.8–7.2) 0.46
Positive 329 6 (1.8) 0.67 (0.37–3.3) 0.71

Values in a column with “*” differ significantly at p < 0.05; CI—confidence interval, N—total number of animals,
n—number of positive animals.
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2.2. Risk Factor Analysis

The flock and individual (animal) risk factors associated with seropositivity in sheep
and goats in a univariate analysis at p < 0.05 are presented in Tables S1 and S2. The
seroprevalence of T. gondii at the flock level was significantly correlated with the region,
(p = 0.03), the breeding objectives (p = 0.0001) and the level of hygiene (p = 0.04) on the farms,
and that of C. abortus was significantly correlated with the regions (p = 0.0001), the breeding
objectives (p = 0.00) and the degree of abortion on the farms (p = 0.0003). A significant
correlation was observed between the seroprevalence of T. gondii at the individual level
and region (p = 0.0001), species (p = 0.0001), sex (p = 0.0002), age (p = 0.0002), physiological
status (p = 0.04) and breed (p = 0.01). For C. abortus seroprevalence, a significant correlation
was observed with the regions (p = 0.04) and breed (p = 0.0001) of small ruminants reared
in the northern regions of Cameroon.

Table 3 showed flock and animal level risk factors associated with T. gondii and
C. abortus seropositivity in a Linear regression model analysis at p < 0.05 and p < 0.01.
At the flock level, the T. gondii and C. abortus seropositivity was significantly correlated
with the region (0.22 CI: 0.17; 0.26, p = 0.00), the breeding objectives (0.36 CI: 0.17; 0.56,
p = 0.00), the level of hygiene (0.11 CI: 0.01; 0.21, p = 0.03) and the presence of abortions
(0.55 CI: 0.46; 0.64, p = 0.00) on the farms, and that of C. abortus was significantly correlated
with the regions (0.01 CI: 0.00–0.02, p = 0.02) and the presence of abortions on the farms
(−0.26 CI:,−039; −0.14, p = 0.0001). At the individual level, a significant correlation was
observed between the seroprevalence of T. gondii and region (−0.09 CI: −0.14; −0.04,
p = 0.00), species (0.07 CI: 0.01–0.14, p = 0.03), sex (−0.11 CI: −0.18; −0.03, p = 0.005), age
(0.08 CI: 0.04–0.12, p = 0.0001) and physiological status (0.21 CI: 0.18; 0.24, p = 0.00). For
C. abortus seroprevalence, a significant correlation was observed with the regions (0.02 CI:
0.00; 0.03, p = 0.04) and breed (0.01 CI: 0.01; 0.02, p = 0.001) of small ruminants reared in the
northern regions of Cameroon.

Table 3. Model analysis of flock and animal risk factors association with C. abortus and T. gondii
seropositivity among sheep and goats sampled from flocks in the northern regions of Cameroon
(Adamawa, North and Far North).

Factors T. gondii (95% CI) p Value C. abortus (95% CI) p Value

Flock risk factors association
Regions 0.22 (0,17; 0.26) 0.00 ** 0.01 (0.00; 0.02) 0.02 *
Breeding objectives 0.36 (0,17; 0.56) 0.00 ** 0.02 (−0.03; 0.07) 0.45
Hygiene level 0.11 (0.01; 0.21) 0.03 * 0.009 (0.0008; 0.01) 0.03
Presence of abortions 0.55 (0.46; 0.64) 0.00 ** −0.26 (−0.39; −0.14) 0.0001 **
Constant 0.11 (−0.49; 0.71) 0.002 ** 0.30 (0.14; 0.45) 0.002 **
N = 200 R2 = 0.08 R2 = 0.09

Animal risk-factors association
Region −0.09 (−0.14; −0.04) 0.00 ** 0.02 (0.00; 0.03) 0.04 *
Species 0.07 (0.01; 0.14) 0.03 * 0.008 (−0.01; 0.03) 0.52
Sex −0.11 (−0.18; −0.03) 0.005 ** 0.01 (−0.01; 0.04) 0.32
Age 0.08 (0.04; 0.12) 0.0001 ** −0.00 (−0.02; 0.01) 0.94
Physiological status 0.21 (0.18; 0.24) 0.00 ** 0.01 (−0.01; 0.02) 0.42
Breed 0.01 (−0.01; 0.03) 0.30 0.01 (0.01; 0.02) 0.001 **
Constant 0.48 (0.26; 0.74) 0.0001 ** −0.05 (−0.14; 0.05) 0.01 *
N = 200 R2 = 0.03 R2 = 0.02

Values in a column with “*” differ significantly at p < 0.05; “**” differ significantly at p < 0.001; CI—confidence
interval, N—total number of animals.

3. Discussion

Small ruminant breeding appears to be an opportunity for income generation in
the context of poverty alleviation in some African countries [27–31]. This is the case in
Cameroon, where small ruminants (sheep and goats) play a very important role in the
pastoral economy, accounting for 20% of the protein needs of Cameroonians [1]. This
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production is mainly concentrated in the northern regions of Cameroon [32]. In this study,
T. gondii has a wide distribution in these areas, unlike C. abortus, and is very harmful to
both human and animal health. This study provides substantial epidemiological data on
the seroprevalence of T. gondii and C. abortus in small ruminant livestock in Cameroon.

A co-infection of 1.82% (95% CI: 0.37–3.27) was obtained between T. gondii and
C. abortus in the present study. The presence of C. abortus in small ruminant farms would
significantly (p = 0.02) increase the risk of T. gondii infestation. This co-infection was re-
ported in the 2013 study by Romano and Coppens, where it was shown that Toxoplasma and
Chlamydiophila tend to conform to their respective intracellular developmental programs,
regardless of the presence of the other organism in the cell. The normal growth of each
pathogen is highly dependent on the ability of the pathogen to maintain a threshold level
of interaction between its vacuole and host cell organelles [33]. However, an infection with
C. abortus could create a depressed state in the animals, thus allowing a T. gondii infestation.

A logistic regression model analysis of this study showed that, at the flock level, the
T. gondii and C. abortus seropositivity was significantly correlated with the region (p = 0.00),
the breeding objectives (p = 0.00), the level of hygiene (p = 0.03) and the presence of
abortions (p = 0.00) on the farms, and that of C. abortus was significantly correlated with the
regions (p = 0.02) and presence of abortions on the farms (p = 0.0001). At the individual
level, a significant correlation was observed between the seroprevalence of T. gondii and
region (p = 0.00), species (p = 0.03), sex (p = 0.005), age (p = 0.0001) and physiological
status (p = 0.00). For C. abortus seroprevalence, a significant correlation was observed
with the regions (p = 0.04) and breed (p = 0.001) of small ruminants reared in the northern
regions of Cameroon. The Adamawa region (46.04% (95% CI: 39.2–52.9) had significantly
(p = 0.0001) high T. gondii seroprevalence. This region has a savannah climate with a
dry winter according to the Köppen–Geiger classification, unlike the other regions in the
study (North and Far North). Rainfall in this region is much higher in summer than in
winter. Over the year, the average temperature in Adamawa is 21.8 ◦C and the average
rainfall is 951.9 mm [34]. This type of climate favors the development and expansion of this
pest [12,21]. The sheep species was significantly more infected (35.93% (95% CI: 31.9–40,
p = 0.0001)) with T. gondii than the goats in these areas. This result was similar to those
obtained in Nigeria [35], in Southern Spain [36] and in Tunisia [14]. Sheep are generally
associated with large cattle for grazing, unlike goats, which favor greater contact with
this infectious agent [37]. Tests revealed that females (33.94% (95% CI: 30.6–37.3)) were
significantly more infested with T. gondii than males, as observed in the Lahmar study in
Tunisia [14]; this is probably due to greater sensitivity to protozoan pathogen in females
than in males [38].

Small ruminants aged 3-5 years were significantly more infested with T. gondii than
young animals (41.90% (95% CI: 36.3–47.6)). This observation was also highlighted by Qin
et al. (2015) and was associated with continuous and increasing exposure to infectious
oocytes in the environment [12]. The Oudah breed in the sheep species was significantly
more infected with T. gondii (38.38%) than the other breeds, and the Sahel goat in the goat
species was more infected with C. abortus (33.33%). These breeds were used in sedentary,
transhumant or nomadic farming systems, which favor their permanent contact with these
pathogens [39]. The occurrence of abortions on small ruminant farms in our study was
strongly associated with C. abortus infection, as mentioned in the report of the observatory
and monitoring of the causes of abortions in ruminants report, 2019 [40]. This could be
justified by the fact that C. abortus is the leading cause of abortion in small ruminants (the
second being Campylobacter), although its seroprevalence was low in this study [41].

4. Materials and Methods
4.1. Study Area

The study was carried out in the northern regions of Cameroon, namely the Adamawa,
North and Far North regions (Figure 1). These regions are well known for their involvement
in ruminant production in Cameroon, as more than 75% of the national small ruminant
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population is located in these regions. The production system of small ruminants in these
areas was mainly extensive, and they were mainly raised for meat production. This part of
Cameroon represents a prime area for improving small ruminant production in Cameroon.
The Adamawa region has an area of 64,000 km2, which makes it the 3rd largest region in
Cameroon. The land is poor and sparsely populated. The main economic activity is cattle
breeding. It has 5 departments (Djérem, Faro and Déo, Mayo Banyo, Mbéré, Vina) and
stretches from 6◦30′0′′ Latitude North to 13◦30′0′′ Longitude East. The high altitude of the
region results in a relatively cool climate of between 22 and 25 degrees. In the southern
part of the region, the climate is equatorial and Guinean, with four seasons. The North
Cameroon region is made up of four departments: Benue, Mayo-Louti, Faro and Mayo-Rey.
It extends between 8◦ and 10◦ North latitude and 12◦ and 16◦ East longitude, with an area
of 6,557,600 ha and a population density of 26 inhabitants/km2. The climate is hot and
semi-arid, with a rainy season from mid-May to September, while the rest of the year is
characterized by heat and drought. The Far North region includes 6 departments (Diamaré,
Logone and Chari, Mayo Danay, Mayo Kani, Mayo Sava and Mayo Tsanaga). It covers an
area of 34,263 km2 and borders Chad and Nigeria. Its relief is dominated by steppe and
grassy savannah, interspersed with massifs with strange and tormented shapes. Far North
has a desert climate according to the classification of Köppen–Geiger. Over the year, the
average temperature in Far North is 28.7 ◦C and the average rainfall is 726.2 mm.
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4.2. Study Design, Sample and Data Collection

A cross-sectional study was conducted in 200 small ruminant farms during a period
from April to October 2021. A total of 1061 small ruminants were obtained according to the
formula proposed by Musallam et al. (2015) [27], with 50% expected seroprevalence at the
flock level and at the individual level for C. abortus and T. gondii. An absolute precision of
5% was applied with a 95% confidence interval (CI). The sheep and goat flocks were not
selected strictly at random, but a certain representativeness of the national herd was sought
by diversifying the types of flock (sedentary or transhumant) and the geographical areas.
On this occasion, a questionnaire was filled in with the aim of bringing out information on
the herd (the number of adult females, the recent introduction of animals (including partial
returns from transhumance), the number of abortions and stillbirths during the year and
the pathology of the young from birth to one month). This questionnaire also allowed us to
trace the reproductive career of the female in chronology, with emphasis on any abortive
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episodes and their clinical consequences. During the survey, the investigator(s), through
technical observations of the farms, characterized the hygiene level of the farms studied
on a scale of 1 to 4 (4—Very clean, 3—Clean, 2—Dirty, 1—Very dirty) [42]. Observations
were based on the average internal score (measures to reduce the within-flock spread of
pathogens such as housing cleaning and disinfection, removal of manure and abortion
animals). For each feature rated, a score (1–4) was attributed to farmers based on the level
of measures applied with respect to the sub-categories. The overall score was the average
of the hygiene level scores. A blood sample was then taken during data collection. The
blood collected in dry tubes was left to rest for 30 min. The fresh serum obtained was
collected with a micropipette and divided into aliquots in identified cryotubes, which were
then transported to the laboratory in a cooler containing carbohydrate ice and stored in a
freezer at −20 ◦C pending analysis. The analysis was performed one (1) week after the end
of the collection.

4.3. Serological Examination

Serum samples were assayed with the indirect multi-species ELISA for T. gondii (ID.vet,
Grabels, France), which detects IgG antibodies to T. gondii and C. abortus (Indirect multi-
species ELISA kit for the detection of anti-MOMP antibodies). Briefly, serum samples
and controls were diluted 1:10 and tested. The microplate ELISA reader measured the
optical densities (OD) at 450 nm. Interpretation of OD values was based on the ID.vet kit
instructions. The ODs obtained were used to calculate the Substrate/Product percentage
(S/P%) via the following equations: S/P (%) = (OD sample/DOpc)× 100 and S/P (%) = (OD
sample − DONC/DOPC − DONC) × 100, respectively, for C. abortus and T. gondii. For C.
abortus, any sample with an S/P% > 60% was considered seropositive; if the S/P% was
between ≥50 and ≤60, the result was considered doubtful, while any sample with a
S/P% < 50% was classified as seronegative. Furthermore, for the interpretation of the ODs
obtained for T. gondii, samples with a S/P% less than or equal to 40% were considered
negative. If the S/P% was between 40% and 50%, the result was considered doubtful and
considered positive if the S/P% was greater than or equal to 50%.

4.4. Statistical Analysis

The data were analyzed using the R Foundation for Statistical Computing package:
R i386 4.1.2 software (Copyright 2021). The prevalence and 95% confidence intervals
per pathogen species (T. gondii and C. abortus) were calculated using this software. The
chi-squared test and logistic regression analysis were used to compare the proportions
of detected sample positivity indifferent regions and among different animals to identify
risk factors for T. gondii and C. abortus. The differences were considered to be statistically
significant when the resulting p-values were lower than 0.05 and 0.01.

5. Conclusions

This study reports on the seroprevalence of T. gondii and C. abortus on small ruminant
farms in Cameroon. These two zoonotic pathogens are not well known to the populations
of these regions, and therefore represent a potential danger to farmers, their families, health
professionals and consumers of animal protein in these regions. Although some farmers
are aware of the risks associated with these diseases, there is a need for targeted community
health education programs to minimize the transmission of zoonotic pathogens.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/parasitologia2030017/s1, Table S1: Univariate analyses of the
association between risk factors and flock-level seropositivity of T. gondii and C. abortus infections
on small ruminant farms in the northern regions of Cameroon (Adamawa, North and Far North),
Table S2: Univariate analysis of the association between risk factors and individual seropositivity
to T. gondii and C. abortus infections on small ruminant farms in the northern regions of Cameroon
(Adamawa, North and Far North).
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