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Objective: The objective of this study was to determine the prevalence, geographical distribution,
and main risk factors for peste des petits ruminants (PPR) in the Republic of Chad.

Materials and methods: A total of 3,546 sera collected from unvaccinated small ruminants includ-
ing 1,699 goats and 1,847 sheep in 19 of the 23 regions in Chad were randomly sampled. The
competitive enzyme-linked immunosorbent assay technics were used for serological analysis.
Results: The overall seroprevalence at the individual level was 52.9%+1.6% (48.9% for goats
and 56.2% for sheep). Seroprevalence observed in the Chari Baguirmi, Ouaddai, and N’Djamena
regions was significantly higher than those in the other regions. Transhumant herds are the
most exposed than the sedentary ones. Older animals were more affected than the young ones.
Kababich sheep are the most affected than other breeds.

Conclusion: This study has shown that the PPR virus is circulating in the Republic of Chad. In
view of the results obtained, the disease is enzootic in the country. Epidemiological informa-
tion obtained including seroprevalence rate, risk factors (sex, breed, age, and mode of rearing),
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and geographical distribution will help to define an appropriate strategy for PPR control in the

Republic of Chad.

Introduction

The Republic of Chad is a vast country in the heart of Africa
with an area of 1,284,000 km?. It is bordered on the North
by Libya, on the East by Sudan, on the West by Niger, on the
South by the Central African Republic, and on the Southwest
by Cameroon and Nigeria (Fig. 1). Administratively, Chad is
divided into 23 regions where the departments, districts,
township, and villages are included.

After oil, the economy of the Republic of Chad is based
mainly on agriculture and livestock. Thelivestock sectorin the
country occupies an essential place in the national economy
[1]. The livestock gross domestic product (GDP) accounts for

Licence (http://creativecommons.org/
licenses/by/4.0)

over 35% of agricultural GDP and 19% of national GDP. At
the social level, livestock provides a source of incomes for the
most disadvantaged populations. It provides a livelihood for
40% of the rural population and employs 80% of the work-
force, of whom, more than half are women [1].

Chad has about 94 million head of livestock according
to the latest census. Small ruminants account for 61% of
this number, including 32.5% goats and 28.2% sheep [2].
Several breeds of sheep and goats existin Chad [3]. Because
of their high level of adaptation, ease of maintenance, and
socio-cultural role, they are raised in almost all regions of
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Figure 1. Map of the Republic of Chad showing the study area and bordering countries.

the country. However, several factors limit the develop-
ment of this sector, particularly peste des petits ruminant
(PPR), which is one of the main priority diseases whose
mortality rate remains high in the Republic of Chad [4,5].
In fact, PPRis an infectious, highly contagious disease
that affects mainly small domestic ruminants (sheep
and goats) and wild ruminants (gazelles and antelopes).
Cattle and pigs present a subclinical form of the disease
[6] but do not excrete the virus. In Africa, the disease is
recorded in several countries and is an impediment to
the development of small ruminants [7,8]. In Chad, PPR
virus was isolated for the first time in 1995 [9] suspected
cases recorded in some areas of the country were also
confirmed [10]. Although it is one of the priority diseases
monitored by the National Disease Surveillance System
in Chad [11], its epidemiology at the national level is still
poorly understood. No national mass vaccination cam-
paign against this disease was conducted before 2017.
In view of its socio-economic importance, PPR is tar-
geted to be eradicated from the planet by 2030. To this end,
global, continental, regional, and national strategies for its
control and eradication have been developed [12,13]. The
Republic of Chad, like other countries, has joined this line
with the ambition of eradicating the disease by 2025 [14].
The success of this fight requires a better knowledge of the
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epidemiology of the disease including its prevalence and
its geographical distribution. The present study aims at
determining the seroprevalence of PPR in the Republic of
Chad and knowing its geographical distribution that can be
used to define appropriate control strategies.

Materials and methods
Sampling and sample collection

A total of 3,546 small ruminants including 1,699 goats
and 1,847 sheep distributed in 19 of the 23 regions in
Chad were sampled. For financial reasons, the four regions
located in the north of the country were not affected by
this study. The sampled animals are over 4 months old
and presumed unvaccinated against PPR. They were ran-
domly chosen regardless of their gender and race. Samples
collection took place from June to July 2017 in the flock.
Blood was removed from the jugular vein using Vacutainer
needles and sterile 5 ml dry tubes. Sera, obtained after
clot extraction in the field, were kept cool (under ice)
until it was sent to the virology laboratory of Livestock
Research Institute for Development based in N'Djamena.
Centrifugation of the sera was done at 3,000 rpm for 5 min.
The information on the flock and the relevant samples has
been recorded in the sheets designed for this purpose.
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Serological analysis

The competitive enzyme-linked immunosorbent assay
(c-ELISA) test was used for the detection of anti-PPR Virus
antibodies [15]. This kit is sold by IDvet from France. The
Instructions of the manufacturer were applied. The opti-
cal densities (ODs) were read using a Magellan PR 4100
BIORAD ELISA reader at a wavelength of 450 nm.

All sera whose ODs are:

— Less or equal to 50% are considered as positive

— Greater than 50% and less than or equal to 60% are
considered doubtful

— More than 60% are considered negative.

All sera, whose results were doubtful, were retested.
Statistical analysis

Collected data were entered into a relational database
designed on the Access® software. Data processing and
analysis were performed using Excel®, R®, and Quantum
GIS® software. The chi-square test was used for the com-
parison of proportions.

Results

Ofthe 3,546 sera of small ruminants tested, the overall indi-
vidual seroprevalence rate was 52.9%+1.6%. As shown in
Table 1, seroprevalence observed in sheep is significantly
higher than in goats (p = 0.0001).

Table 2 gives the seroprevalence rate of small rumi-
nants according to risk factors. Statistically and inde-
pendently of species, seroprevalence in females is higher

Table 1. Seroprevalence rate according to species.

Species No. of samples Positive Seroprevalence 95% C.I.
samples %

Goats 1,699 821 48.3 [45.9-50.7]

Sheep 1,847 1,055 57.1 [54.9-59.4]

Total 3,546 1,876 52.9 [51.3-54.5]

than in males (p < 0.0001). According to age, the sero-
prevalence rate in small ruminants older than 3 years
is higher than those under 3 years of age (p < 0.0002).
It is also noted that the seroprevalence rate in ani-
mals aged between 1 and 3 years is higher than those
less than 1 year old. The seroprevalence rate in trans-
humant animals is more dominant than in sedentary
(p = 0.01529). Regarding breed, seroprevalence rate is
higher in Kababich sheep than in Fulani sheep (p < 0.05)
compare to other breeds.

According to goats breed, no significant difference
between the seroprevalence rate of Kirdimi and Sahelian
goats (p = 0.6038).

Fig. 2 below shows the distribution of seroprevalence of
PPR according to regions. It is noted that the distribution
of seroprevalence is heterogeneous. It varied from 29.3%
to 85.8%. Higher seroprevalences rate are observed in
Chari Baguirmi, Ouaddai, and N’djamena regions.

Discussion

The results of this study gave an overall PPR
seroprevalence rate at the individual level of 52.9% #*
1.6% (48.9% for goats and 56.2% for sheep). This figure

Table 2. Seroprevalence by species of small ruminants according to risk factors.

Sheep Goats
Risk factors No. of Positive Seroprevalence % 95% C.I. No. of Positive Seroprevalence % 95% C.I.
samples  samples samples samples
Female 1,470 894 60.8 [58.3-63.3] 1,498 746 49.8 [47.3-52.3]
Sex Male 377 161 42.7 [37.7-47.7] 201 75 37.3 [30.6—-44.0]
Total 1,847 1,055 57.1 [54.9-59.4] 1,699 821 483 [45.9-50.7]
<lan 182 67 36.8 [29.8-43.8] 151 61 40.4 [32.6-48.2]
Age >lan<3ans 1,000 538 53.8 [50.7-56.9] 1,019 416 40.8 [37.8-43.8]
>3 ans 665 450 67.7 [64.1-71.2] 529 344 65 [61.0-69.1]
Total 1,847 1,055 57.1 [54.9-59.4] 1,699 821 48.3 [45.9-50.7]
Breeding Sedentary 1,415 793 56.0 [53.5-58.6] 1,487 714 48.0 [45.5-50.6]
type Transhumant 432 262 60.6 [56.0-65.3] 212 107 50.5 [43.7-57.2]
Total 1,847 1,055 57.1 [54.9-59.4] 1,699 821 48.3 [45.9-50.7]
Arabe 340 147 43.2 [38.0-48.5] - - - -
Kababich 331 225 68.0 [62.9-73.0] - - - -
Kirdimi 726 389 53.6 [50.0-57.2] - - - -
Breed Fulani 450 294 65.3 [60.9-69.7] - - - -
Kirdimi - - - - 1,097 525 47.9 [44.9-50.8]
Sahelian - - - - 602 296 49.2 [45.2-53.2]
Total 1,847 1,055 57.1 [54.9-59.4] 1,699 821 48.3 [45.9-50.7]

-: not concerned
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Figure 2. Geographical distribution map of the seroprevalence of PPR in the Republic of Chad.

highlights the importance of the circulation of the PPR
virus in the Republic of Chad. This seroprevalence rate
is approximately similar to the results obtained in the
neighboring countries of Chad, particularly in Nigeria
where seroprevalence rate was 55% [16]; 51% in Sudan
[17]; 45% in Niger [18]; 46.7% in Libya [19]; and 30% in
Cameroon [20].

The heterogeneity of the seroprevalence rates observed
in the regions of Chad can be explained by the specificity of
these regions in relation to the risk factors. The high sero-
prevalence rate observed in the region of Chari Baguirmi
can be explained by its geographical position. This region
constitutes a zone of concentration of transhumants and
markets of cattle and small ruminants. This area is a cross-
road for most transhumants, thus promoting the spread
of the virus. On the other hand, in the Ouaddai region,
Kababich sheep [3] would probably be a factor in favor of
the higher seroprevalence rates observed in this breed.
In fact, Kababich sheep are sheep breeds that would be
introduced into Chad from Sudan, a country bordering the
Ouaddai region. Because of its outstanding zootechnical
performance, this breed has spread throughout the coun-
try. Special attention should be paid to this breed, which
seems to be very sensitive to several diseases and the role
it could play in spreading the PPR virus.
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Regarding goats, the study showed that there is no sig-
nificant difference between Kirdimi and Sahelian breeds.
In Cameroon and Chad, the study showed that Sahelian
goats are less sensitive than Kirdimi breeds [20,21]. This
divergence in the results at the breed level shows the
importance of the breed of small ruminants in the epide-
miology of PPR.

Statistically, the analysis of the results showed that
seroprevalence rate in sheep is significantly higher than in
goats. This trend is also observed in similar studies con-
ducted in Nigeria, Burkina Faso, Kenya, and Saudi Arabia
[22-25]. On the other hand, other studies have revealed
the reverse as in Ethiopia, Cameroon, and India [20,26,27].
These results highlight the influence of the small ruminant
species in the epidemiology of PPR virus. This difference
in receptivity may be due to the intrinsic factors of the spe-
cies and probably to the sensitivity of certain animals to
the lineages of the virus in question.

This study also showed that whatever the species, sero-
prevalence rate in females is higher than in males. These
results corroborate those of other studies [18,23,28,29].
The dominance of the seroprevalence rate in females
is attributable to the herd operating system. In Chad,
as in most other country breedings, females are gener-
ally kept longer than males, as shown by the relatively
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large numbers of females compared to males in this sur-
vey. Males are the most destocked for the vital needs of
the breeder (food, parties, ceremonies, and household
income).

The results of this study showed that, in general, the
seroprevalence rate is higher in older animals than in
younger. Beyond the logical nature of this finding, the older
the animal, the more likely it is to have contracted PPR
virus in view of the importance of the circulation of this
virus in the Republic of Chad. This is probably reinforced
by livestock management. Typically, young animals graze
around the camp while adults are driven at long distances
in search of pastures and drink in pools or rivers where
animals from the area converge, which promote their
exposure to the virus.

The type of breeding is a factor to consider. As shown by
the results, seroprevalence rates observed among trans-
humants are highest compared to sedentary livestock.
Indeed, the exposure of animals of this type of breeding to
the PPR virus is higher for the distribution of this disease
in all regions of Chad.

Conclusion

This study has shown that the PPR virus is circulating in
the Republic of Chad. In view of the results obtained, the
disease is enzootic in the country. Epidemiological infor-
mation obtained including seroprevalence rate, risk factors
(sex, breed, age, and mode of rearing), and geographical
distribution will help to define an appropriate strategy for
PPR control in the Republic of Chad.
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