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Abstract: PPR is a highly contagious viral disease and one of the deadliest affecting wild goats, sheep and small
ruminants, however goats are generally more sensitive. The causative agent is the Peste des Petits Ruminants
virus (PPRv) which is a single-stranded RNA virus of negative polarity belonging to the Paramyxoviridae
family. In February 2020, an active outbreak of PPR was reported in a herd of a transhumant farmer in the
village of Ngainth Pathé (department of Kounguel, Kaffrine region,Senegal). Of the ten (10) swabs collected
from goats, eight (8) came back positive by real-time PCR. The most positive sample was amplified, purified
and amplicon sent for sequencing. Phylogenetic analysis showed that the sequence of the PPR virus obtained
belonged to lineage IV. These results confirm those found in the latter countries and reinforce the hypothesis
of the importance of animal mobility between these neighboring countries. In perspective, following the
discovery of this lineage IV in Senegal, a study on its dispersion is underway throughout the national territory.
The results that will emerge from this study, associated with detailed data on animal movements and
epidemiological data, will provide appropriate and effective information to improve PPR surveillance and
control strategies with a view to its eradication.
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1. Introduction

In Senegal, production of small ruminants is an activity of choice for vulnerable populations such
as women and young people because of their short reproductive cycle and low investment costs
compared to other livestock such as cattle [1], thus offering huge opportunities for reducing poverty.
However, high burden of disease remains a major constraint to small ruminants production. Among
these diseases, Peste des Petits Ruminants (PPR) poses the greatest threat to small ruminant livestock.
This disease threatens global food security and the rural economy, but its control is complicated, in
particular due to significant animal movements with transhumance and commercial movements in the
infected regions [2].

PPR is a highly contagious viral disease and one of the deadliest affecting wild goats, sheep and
small ruminants; however goats are generally more sensitive. The causative agent is the Peste des Petits
Ruminants virus (PPRv) which is a single-stranded RNA virus of negative polarity belonging to the
Paramyxoviridae family and the genus of morbilliviruses closely related to the rinderpest virus
eradicated successfully worldwide [3]. PPR-related morbidity reaches 100% in extreme situations, with
a mortality rate that can reach 90% [4]. Due to the serious impact of the disease on the economy and
food security, but also its alarming rate of spread, the World Organization for Animal Health (OMSA)
and the United Nations Food and Agriculture (FAO) have chosen PPR as a target for a global
eradication program [5]. Based on the molecular characterization of the partial sequence of the N gene,
the PPR virus is classified into four genetically different lineages (I, II, IIl and IV) [6].

Historically, the geographical distribution of these lineages was distinct with the circulation of
lineages I, Il and IIl in Africa and that of lineage IV in Asian countries and the Middle East [7]. However,
several studies have shown the detection of lineage IV in several African countries over the past decades
[8,9,10]. In West Africa, lineage I was last officially detected in 1994 in Senegal [11]. However, since that
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date, no information is available on the molecular characterization of the PPRv. Until 2010 when the
results of the molecular characterization of circulating strains of the PPR virus obtained with the study
by Salami H et al between 2010 and 2014 showed that only the lineage II could be detected in Senegal
during this period [12]. The study by Tounkara et al in 2019 also confirmed that only lineage II was
detected in samples taken in 2013 from Dakar markets [13]. Long time well-known in Asia, lineage IV
was subsequently discovered in several African countries, particularly countries bordering Senegal
such as Mali [14]. However, until then lineage IV has never been described in Senegal.

In this study, we describe the genetic diversity of the PPRv lineage IV for the first time in Senegal.

2. Materials and Methods

2.1. Outbreak investigation and sample collection

In February 2020, an active outbreak of PPR was reported in a mixed herd of 160 sheep and goats
of a transhumant farmer in the village of Ngainth Pathé (department of Kounguel, Kaffrine region).
The transhuman farmer had left the village of Tatki Hillo in the department of Podor (northern
Senegal) with his herd at the beginning of November 2020. Along the way, he stayed in the
Sylvopastoral zone in Téssékré, department of Linguere, region of Louga before reach the locality of
Ngainth Pathé in the central zone in the Kaffrine region (see figure below) where the samples were
collected. Symptoms observed in infected animals are tearing, coughing, dyspnoea, throwing up,
diarrhea and ulcerations in the gingival mucosa. At the start of the infection, 25 of them presented
very intense digestive and respiratory syndromes with high mortality in lambs and kids over 80% of
the population. All sick animals were sampled by taking an oculo-nasal or rectal swab for animals
with diarrhea, for some both types of samples. The swabs were then transported to the laboratory in
2 ml tubes containing 500 pl of viral transport medium and then stored in liquid nitrogen.
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Figure 10. swabs collected from goats, the viral RNA was extracted using the QTAGEN RNeasy mini
kit according to the supplier's instructions. The extracted RNAs were then analyzed by Real-time RT-
PCR using the qScritpt XLT One step RT-qPCR Tough mix amplification kit from Quantabio with the
sets of primers and probes developed by Batten et al [15] in order to estimate the viral load of the
samples. All strong positive samples were subjected to conventional RT-PCR using forward primer
NP3 (5'-GTCTCGGAAATCGCCTCACAGACT-3") and reverse primer NP4 (3'-
CCTCCTCCTGGTCCTCCAGAATCT-5'") [16] located at the 3' end of the N gene using the One Step
RT-PCR mix kit from Qiagen, making it possible to amplify a segment of 351 base pairs (bp) of the PPRV
gene. The PCR was carried out according to the following program: 1 cycle RT (Retro transcription): 30
min at 50°C, 1 cycle of primer hybridization: 15 min at 95°C and 40 cycles of elongation (15sec 95°C 45
sec at 60°C; 45 sec at 72°C). The size of the amplified fragments was visualized after electrophoretic
migration of the PCR products in a 1.5% agarose gel with 1X TAE buffer.
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2.2. Sequencing and editing

The amplification products were then purified using the PROMEGA SV Gel and PCR clean-up
system-50rxn wizard kit. Amplicons thus purified was sent to LGC genomics (Germany) for
sequencing using the Sanger method. The analysis of the generated sequences carried out with the
Molecular Evolutionary Genetics Analysis 7 (MEGA 7) software [17]. The Bioedit software[18] made
it possible to clean the sequences, and to carry out the multiple alignments of the N gene with other
PPRV sequences representative of the four genetic lines obtained in Genbank. The two-parameter
Kimura model proposed by the MEGA 7 program was used. From this model, phylogenetic trees
were constructed in MEGA 7 using the likelihood method (ML) with a repetition of 1000 (bootstraps).

2.3. Nucleotide sequence accession number:

The complete genome sequence of the GTP_SEN-KAFF2021 PPRyv strain is available at Genbank
under the accession number OR819867.

3. Results

Almost all affected animals expressed very expressive digestive and respiratory syndromes
associated with fetid diarrhea, mucopurulent discharge and intense lacrimation then in the final
phase a high lethality up to 80% of the affected herd. Goat kids had a mortality rate up to 100% while
morbidity also approached 100% for adults who survived.

Ten swabs (10) taken were analyzed and eight (8) came back positive by real-time PCR. The most
positive sample with a Cycle Threshold (CT) value of 18.38 was amplified with the NP3/NP4 primer
pair and then the purified amplicon sent for sequencing. Phylogenetic analysis showed that the
sequence of the PPR virus obtained belonged to lineage IV (see figure Phylogenetic tree below).
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Figure 2021. Numbers at nodes are Bootstrap values obtained from 1000 repetitions.
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4. Discussion

This is the first time that this lineage IV is reported in Senegal. This new situation in the
epidemiology of PPR in Senegal was predictable considering the epidemiological context of PPR
prevailing in neighboring countries and animal mobility. The phylogenetic tree shows that the
Ngainth Pathé sequence of Kaffrine fit into a cluster with 69% node support comprising sequences
identified in 2010 in Nigeria [10] and in 2017 in Mali, Niger and Cameroon [14,19,20]. These results
confirm the conclusions drawn from the study by Tounkara et al. in 2021 on the risk of introduction
of lineage 4 in Senegal due to animal mobility between Senegal and Mali[14]. Indeed, Mali is the
largest exporter of animals during Muslim holidays to cross-border countries. In the same dynamic,
the similarity of sequences from Nigeria and Niger had already been described by Souley et al [19]
suggesting a cross-border movement of PPR between neighboring countries and beyond to
Cameroon. This explains this grouping of these sequences belonging to these countries in the same
cluster. Phylogenetic analysis identified the presence of multiple PPRv genetic clades that can be
considered as part of different transmission networks evolving in parallel in West Africa. These
results highlight the importance of animal mobility in the transmission of PPR in the region. With
these results, it would be ideal to combine genetic data with mobility networks to identify key sites
for virus entry and spread in given areas. Such information could strengthen our ability to develop
locally adapted control and surveillance strategies, using, among other risk factors, information on
animal mobility.

5. Conclusions

We report the first detection of lineage IV of the PPRv in an outbreak in Ngainth Pathé village
(Kaffrine region) in Senegal in February 2021. Phylogenetic analysis showed that the sequence found
during this outbreak is genetically linked with sequences found in Mali, Niger, Nigeria and
Cameroon. These results confirm those found in the latter countries and reinforce the hypothesis of
the importance of animal mobility between these neighboring countries.

In perspective, following the discovery of this lineage IV in Senegal, a study on its dispersion is
underway throughout the national territory. The results that will emerge from this study, associated
with detailed data on animal movements and epidemiological data, will provide appropriate and
effective information to improve PPR surveillance and control strategies with a view to its
eradication.
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