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Abstract

Peste des petits ruminants (PPR) is an acute, contagious and frequently fatal disease of goats and sheep characterized by fever, ocular and nasal
discharges, oral secretions, diarrhoea and pneumonia. PPR is caused by a Morbillivirus of the Paramyxoviridae family, PPR virus (PPRV). Isolated in Ivory-
Coast in 1942, the disease was located in West Africa up to 1980’s. PPR spreaded to East Africa, Near and Middle-East, Western and South Asia on the
period 1980 — 1990 and recently to most of the countries in North and South Africa. There are four different lineages based on the sequencing of the Np
gene. The transmission is mainly due to a direct contact by aerosols. Being a viral disease the collection of samples requires a timely intervention and
respecting the chain cold from the field to the laboratory for confirmatory diagnosis. After clinical and laboratory diagnosis the control of the disease could
be implemented by restricting animal movements and carrying out the vaccination with the homologous conventional vaccine available commercially.
This vaccine is effective and protects vaccinated animals for their lifetime. The control should be based on a thorough and planned programme taking into
consideration the rapid turn-over of this production system owning by the vulnerable rural populations being small scale farmers living at remote areas
where animal health services are weak (RASPA, 11 (S) : 59-65).

Key — Words: PPR - Morbillivirus - Paramyxoviridae - Africa - Near and Middle-East, West and South Asia - Vaccine - Animal disease
control - TADs - Epidemiology.

Résumé

Point sur I'épidémiologie, le diagnostic et le contrdle de la PPR

La peste des petits ruminants (PPR) est une maladie d’évolution aigué, contagieuse et fréequemment a issue fatale des ovins et caprins. Elle est
caractérisée par une forte fievre, un écoulement oculaire et nasal, des érosions buccales, de la diarrhée et accompagnée d’une pneumonie. La PPR est
due a un virus de la famille des Paramyxoviridae, du genre Morbillivirus qui a été isolé pour la premiére fois en Cote-d’Ilvoire en 1942, La PPR était
localisée en Afrique de I'Ouest jusque dans les années 1980 puis elle a diffusé en Afrique de I'Est, au Proche et Moyen-Orient et en Asie, sur la période
allant de 1980 a 1990. Récemment, elle s’est étendue a la plupart des pays de I'Afrique du Nord et de I'’Afrique australe. Il existe quatre lignées
différentes basées sur le séquengage du gene de la nucléoprotéine, Np. La transmission de la maladie se fait principalement par un contact direct par les
aérosols émis par les animaux malades ou en incubation. Etant une maladie d’origine virale, la collecte d’échantillons doit se faire au moment adéquat et
nécessite le respect strict de la chaine du froid du terrain au laboratoire pour la confirmation du diagnostic clinique. Le contrble de la maladie peut se
mettre en place en imposant une restriction des mouvements d’animaux et la vaccination a I'aide du vaccin conventionnel homologue PPR 75/1
disponible sur le marché. Ce vaccin est efficace et protége I'animal durant toute sa vie apres I'administration d’une dose unique. Le contréle de la PPR
doit étre basé sur un programme bien planifié en prenant en compte le taux rapide de renouvellement du troupeau (turn-over) dans ce systeme de
production tenu par la population rurale vulnérable vivant souvent dans des régions éloignées ou I'intervention des services de santé animale est
reconnue faible.

Mots-clés : PPR, Morbillivirus, Paramyxoviridae, Afrique, Proche et Moyen-Orient, Ouest et Sud Asie, Vaccin. Contréle des maladies
animales, Maladies animales transfrontalieres (TADs), Epidémiologie.
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Introduction

Peste des petits ruminants (PPR) is a highly contagious,
very often fatal, viral disease of small ruminants which is
found mainly in West Africa but over the past two
decades it has spread rapidly over East Africa, the
Middle-East, West and South Asia. Recently the disease
attacked North and most of countries in southern Africa
along with the European part of Turkey. PPR  has
caused major epidemics in sheep and goats. Such
epidemics profoundly affect the rural economies of many
developing countries and the poor, who depend more on
small  ruminants  for their livelihoods,  suffer
disproportionately. PPR is one of the major notifiable
disease of the World Organisation for Animal Health
(QIE).

1. Aetiology

PPR is a viral disease and the causative agent, Peste-
des-petits-ruminants virus (PPRV) is classified in the
order  Mononegavirales, family  Paramyxoviridae,
subfamily Paramyxovirinae, genus Morbillivirus [32] that
includes measles virus (MeV), rinderpest virus (RPV),
canine distemper virus (CDV) and other viruses infecting
aquatic mammals: Phocine distemper virus (PDV),
Dolphin Morbillivirus (DMV), Porpoise Morbillivirus (PMV)
[18], [27], [39], [47], [51], [52], [77]. PPRV is an enveloped
RNA virus with a non segmented, negative-strand
genome encoding six structural proteins: Nucleoprotein
(NP), Phosphoprotein (P), Matrix protein (M), Fusion
protein (F), Haemagglutine protein (H), Polymerase
protein (L) and two non-structural proteins : C and V. The
Morbilliviruses are structurally pleomorphic with external
glyproteins (H and F proteins) from the envelope which is
originated from the infected cell membrane. RNA
genome is linked to viral proteins to form the
ribonucleoprotein  (RPN) complex giving a helical
structure [9], [10], [22], [53].

2. Susceptible Hosts range

PPR remains mainly the disease of sheep and goat with
the latest more sensitive. However, it has been reported
cases in India where sheep were more concerned than
goats [34], [66]. Cattle and pig are susceptible to
infection but do not contribute to the epidemiology as
they are not capable to excrete virus while they produce
specific antibodies against PPRV (COUACY-HYMANN,
personal communication ; [10]). A case of PPR involving
camels in Ethiopia was reported with the positive
detection of PPRV antigens and nucleic acid but no virus
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isolation was obtained [55], [66]. In Sudan, on the period
August- October 2004, an outbreak occurred in a camel
flock causing death with an average mortality rate of
7.4%. It was confirmed as PPR with the isolation of the
virus [40], [61]. PPR in wild ungulates from various
species have been reported with death [2], [10], [41].
Infection with PPRYV followed by the detection of specific
antibodies and nucleic acids without any clinical signs
has been also reported in Ivory-Coast [15].

3. Clinical Symptoms of PPR

Clinical manifestation for PPR can be seen in per-acute,
acute and sub-acute forms. However, PPR in sheep and
goats is generally observed as an acute disease. The
per-acute form of disease is often seen in kids infected at
the age of 3 to 4 months and older during the time frame
where there is any pre-existing maternal antibody levels
wane. This per-acute form of disease has a short
incubation period (2 days) with a rapid development of
pyrexia with body temperature rising to 40-42°C.
Profound  depression, congestion of mucous
membranes, oculo-nasal discharge, dysponia and
profuse watery diarrhea lead to the death of infected
animals within 4-5 days [23], [49].

In the acute form of disease a 2-7 days incubation period
precedes development of pyrexia (4-9 days) and the
onset of other clinical disease signs including watery
oculo-nasal discharge, congestion of the mucous
membranes of the buccal cavity, conjunctiva of the eye
and the vulva [1], [16]. As the disease progress, the
watery oculo-nasal discharge become catarrhal and
occludes around the nostrils that predisposes to
dysponea. Pneumia is observed which could be followed
by a secondary bacterial colonisation and that becomes
a bronchopneumia mainly due to Pasteurella haemolytica
/ P.multocida type A or D. A diarrheic phase follows,
leading to dehydration and ultimately death of the animal.
In the sub-acute form of disease, the animals do not
develop severe clinical disease and low mortality rates
are seen. With this form of infection the animals may
develop temperatures ranging from 39-400C but do not
develop the characteristic clinical signs normally
associated with PPRV infection and animals usually
recover from disease within 10-14 days. This form is
usually observed with the Nigeria 75/1 wild type strain’
[16].

However, the severity of disease may be influenced by a
number of factors such as: the virulence of the PPRV
strain, the route of infection; the species and breed of
infected animal; the immunological and nutritional status
of the infected animal and probably the climatic
conditions.
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4. Diagnosis of PPR

4.1. Clinical diagnosis

In the past, it was possible to make a confusion with RPV
in small ruminants since the symptoms are similar with
what is given by PPRV in the same species. Nowadays,
with the eradication of Rinderpest, PPR is quite easier to
clinical diagnose in the field based on the symptoms
described above: pyrexia, lachrymation, nasal
discharges, oral erosion, pneumonia, diarrhea and death
and historic epidemiological information of PPR in the
region or farms, can help field personnel to report a
suspicious PPR case. A differential clinical diagnosis
should be made with other syndromic diseases.
However, it is recommended to sample sick animals for a
confirmatory diagnosis.

4.2. Sample Collection

Good quality samples should be taken from sick animals
at the onset of hyperthermia (viremia phase) after it has
been slaughtered or on fresh dead animal. Samples
consist of : lachrymal, nasal and oral swabs, blood for
serum and whole blood on EDTA, on live animal and with
tissue collected on autopsy : lung, lymph nodes
(bronchial, mesenteric), tonsils, spleen along with
intestine. These samples should be on ice or better in
liquid nitrogen (from the field) and rapidly sent to the
laboratory on the same day if possible.

4.3. Laboratory diagnosis of PPR

Various techniques exist nowadays to confirm the
diagnosis of PPR which can grouping into two main
categories : i)- conventional techniques and ii)- molecular
techniques.

4.3.1. Conventional techniques

- Virus isolation :

this is the ideal way to confirm the disease [28]. However,
the technique needs a cell culture facilities which are not
common in many laboratories in the developing
countries. Where this is possible, primary cell culture
from lamb or kid kidney [74], lung, were used for the virus
isolation along with different cell lines such as : Vero cells
[35], MDBK (Madin-Darby Bovine Kidney), marmoset-
derived cell line (B95a) [70]. Recently, it has been
developed a new and very sensitive cell line using the
monkey cell expressing sheep-goat SLAM (Signaling
Lymphocyte Activation Molecule) receptor [4], [73].
Usually, cultures are examined for the cytopathic effect in
the days following infection of a monolayer with suspect
material. The identity of the virus can be confirmed by
virus neutralisation or molecular techniques [10], [67].
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In general, virus isolation is time consuming and needs

well trained laboratory personnel to perform it.
Alternatively specific antigens and antibodies can be
detected.

- Antigen detection :

Counter-Immuno-Electrophoresis (CIEP) and AGID test
[65] using hyperimmune PPR serum. The latest is simple
and can be performed in a basic laboratory but remains
relatively insensitive. Moreover it cannot distinguish PPRV
from RPV. CIEP is able to differentiate PPRV from RPV.
Direct immunofluorescence sensitive and specific
technique but an adequate equipment is needed [52],
[71]. Immuno-histochemestry (IHC) on tissue samples
[54]. It allows the localisation of specific PPRV antigens in
a pathological tissue sample.

- Antibodies detection :

Viral neutralization test (VNT) [28], [58]: applied to a
serum sample, this technique needs also a cell culture
facilities.

4.3.2. Molecular techniques

- Antigens detection:

Immunocapture ELISA (ICE): sensitive and specific
method to detect the presence of PPRV antigens. It is
easy to run it and is well established in many laboratories
in developing countries [26], [45], [62], [67].

- Antibodies detection:

Detection of antibodies against PPRV is carried out by
using ELISA techniques. Currently the use of competitive
PPRV-specific anti-H (H-cELISA) [6] or anti-N (N-cELISA)
[46] monoclonal based ELISA is routinely effective in
laboratories where the disease exists. Both competitive
ELISA tests can be used equally for the detection of
PPRV antibodies [17].

There is also an indirect ELISA developed by ISMAIL et
al.[38] which is not currently used in Africa.

- Genome detection

The conventional RT-PCR has been developed for the
specific amplification of the NP gene [13], [14] or for the
amplification of the fusion gene [30] and is established in
various laboratories. The Real-Time RT-PCR assay
specific for PPRV [8], [42] and the loop-mediated
isothermal amplification technique (LAMP-RT-PCR) [79]
are also available for the genome detection of PPRV.
Extensive validation of these latest diagnostic techniques
is required before they can be accepted as approved OIE
methods [10].
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5. Epidemiology of PPRV
5.1. Spatial distribution

PPRV was first described in Ivory-Coast in 1942 [31] and
the first virus isolation was obtained from Senegal [33].
Similar syndromic disease involving small ruminants was
reported in some West African countries [48],[80] which
was later on confirmed as PPR using either a
comparative study between RPV and PPRV [59], [60] or
a molecular technique [11], [19], [20]. Historically, PPR
was found mainly in West Africa but it has spread during
the last twenty years to East Africa, the Near and Middle-
East [2], [3], [44], [74], [76] and West and South Asia [50],
[66], [67] with the recent cases in China, in Tibet region,
in July 2007 [78]. In the recent years, the disease has
been reported in many of central, eastern and southern
African countries: Gabon, Democratic Republic of
Congo, Somalia, Kenya, Tanzania (SWAI et al. [72]
quoted by ALBINA et al. [5] ) and Angola in October
2012 threatening neighbouring countries such as
Zambia, Mozambique. In the north of Africa, Morocco
reported its first case in 2008 [29] then after in Tunisia [7]
and Algeria [25]. PPR in Egypt is well known since 1989
[36]. Since the incursion of PPR in Turkey in 1996 and its
extension throughout the country, the disease represents
nowadays a real threat to Europe [10], [82].

5.2. Phylogenetic Analysis

There are four lineages of PPRV based on the
differentiation determined by the sequence comparison
of a small region of the F gene [30] or the N gene [13],
[14]. However, it has been demonstrated recently that the
N gene is more divergent therefore more suitable for
phylogenetic distinction between closely related PPRV
viruses (KWIATEK et al[43] , cited by BANYARD et
al.[10]. So the PPRV phylogenetic analysis in this
document is referred to the results from the N gene.
Historically, African PPRV isolates were lineages |, Il, IlI
(with mainly West African countries harbouring lineages |
and Il and East African countries with lineage Ill) and the
Middle-East and Asian isolates were lineage V. Within a
short time this distribution has deeply changed : in West
Africa : lineage Il is spreading with the trend to push out
lineage | confined to Ivory-Coast, Conakry Guinea and
Burkina-Faso with a co-circulation of lineage |I. Moreover
in 2009, lineage Il was identified in Ivory-Coast [4] where
probably the two lineages are co-circulating. Lineage IV
has been found in Africa with an extension from East
Africa (mainly Sudan, lineages lll and IV) up to Nigeria
where lineage Il is still circulating [5, [10] and to Southern
part : Democratic Republic of Congo (DRC) and Angola
(DIALLO, personal communication).
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Northern African countries have Lineage IV too [5]. In
addition, PPR serology positive was reported from
Rwanda and Burundi.

Interestingly, lineage Ill has crossed the red sea and has
been found in the Arabian Peninsula countries: Yemen,
Oman and Qatar (having both lineages lll and IV) [5], [10].
In conclusion, PPRV is still spreading from countries to
countries with a very dynamic change in the phylogenetic
distribution. If in certain circumstances, this phylogenetic
distribution of PPRV strains can contribute to the
traceability of the occurrence of the disease, i.e in the
Arabian Peninsula countries which is likely linked to the
exportation of live small ruminants from the horn of Africa
countries or lineage Il in Ivory-Coast which is the
consequence of lineage Il in Burkina-Faso, Mali and
Niger because of the importation of live animals from
these sahalian countries. However, this is not the case
regarding the incursion of PPRV in Morocco in 2008 with
lineage IV.

6. Prevention and Control of PPR

Historically, small ruminants were protected against PPR
by using the heterologous RPV vaccine due to the cross-
reactivity between RPV and PPRV [12], [13], [79]. This
vaccine was abandoned in the course of the Rinderpest
eradication programme to avoid any confusion that its
use could create. In 1980's a homologous PPR
attenuated vaccine, Nigeria 75/1 was developed [21]. It
is very efficient and commercially available. This vaccine
provides a life-long immunity after administration of a
single dose by subcutaneous route [13]. However it has
a low thermal stability: half-life of 2-6h at 37°C after
reconstitution (DIALLO [24], cited by ALBINA et al.[5].
Therefore the use of this vaccine in Africa conditions
needs a well and sustained cold chain during the
vaccination process. In Asia, three live-attenuated
vaccines with India PPRV isolates, lineage IV have been
developed in India for use: Sungri96, Arasur 87 and
Coimbatore 97 [63]. Recently, the thermostability of the
vaccine Nigeria 75/1 has been improved by incorporating
a cryo-protector with trehalose allowing the vaccine to
stay at 5-14 days at 45°C in the lyophilized form and 21h
at 37°C after reconstitution [5], [64]. So this vaccine can
be distributed to a remote area where there is no or less
cold chain facilities.

To control the disease after quick investigation and
confirmation, vaccination is strongly recommended
which will be applied to contact herds in the control area
including the surveillance zone. In the infected zone
housing the infected herds, control measures such as
separation of sick animals from other should be in place
and these animals be vaccinated even though one week
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is required for an effective protective immune response [
BODJO, personal communication, [13]). This emergency
vaccination should be immediate and well planned to be
efficient since the disease is still spreading and shall be
stopped. Usually, in an endemic area of PPR, nomadic
farmers establish a ban on the live animal market, water
point or pasture. Elsewhere owners try to keep their
animals in appropriate and separated pens. The disposal
of carcasses is weak and no real disinfection is applied.
Fortunately the virus is fragile in the external conditions
and rapidly destroyed during the putrefaction phase. Very
often, there is no follow up after these waves of PPR. It is
like living with the disease forever!

In a non endemic region of PPR, the control of the
disease is more effective to stop its diffusion by applying
efficient control measures such as : slaughter of the
infected herd along with a correct disinfection and an
adequate disposal of carcasses, movements control,
emergency vaccination, quarantine, etc.

The prevention and control of PPR are feasible since an
efficient vaccine is available even with the conventional
thermo labile vaccine. Moreover, applicable control
measures able to stop the diffusion of the disease are
known but not effectively implemented into the field
mainly at the remote area where the Veterinary services
are also weak.

Conclusion

PPR remains a dread disease for small ruminants
causing huge economic losses which impact negatively
the livelihoods of the rural populations. With the current
knowledge on the epidemiology of the disease and the
various diagnostic tools available along with the presence
of an efficient homologous vaccine, PPR can be
effectively prevented and controlled. For this purpose,
Veterinary Authorities should take appropriate actions to
build capacities up for better interventions with an
established and operational disease surveillance system
throughout countries. The disease surveillance system
shall be sustained by the national funds for its long-life.
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