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Future research to underpin successful peste des petits
ruminants virus (PPRV) eradication
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Abstract

Peste des petits ruminants virus (PPRV) is a significant pathogen of small ruminants and is prevalent in much of Africa, the

Near and Middle East and Asia. Despite the availability of an efficacious and cheap live-attenuated vaccine, the virus has

continued to spread, with its range stretching from Morocco in the west to China and Mongolia in the east. Some of the

world’s poorest communities rely on small ruminant farming for subsistence and the continued endemicity of PPRV is a

constant threat to their livelihoods. Moreover, PPRV’s effects on the world’s population are felt broadly across many

economic, agricultural and social situations. This far-reaching impact has prompted the Food and Agriculture Organization of

the United Nations (FAO) and the World Organisation for Animal Health (OIE) to develop a global strategy for the eradication

of this virus and its disease. PPRV is a morbillivirus and, given the experience of these organizations in eradicating the

related rinderpest virus, the eradication of PPRV should be feasible. However, there are many critical areas where basic and

applied virological research concerning PPRV is lacking. The purpose of this review is to highlight areas where new research

could be performed in order to guide and facilitate the eradication programme. These areas include studies on disease

transmission and epidemiology, the existence of wildlife reservoirs and the development of next-generation vaccines and

diagnostics. With the support of the international virology community, the successful eradication of PPRV can be achieved.

INTRODUCTION

Peste des petits ruminants (PPR) represents one of the most
important challenges to sustainable small-scale agriculture,
particularly sheep and goat farming, in the developing world
[1]. High mortality epidemics of PPR, combined with long-
term endemicity, threaten the livelihoods of subsistence farm-
ers and undermine the fragile economies that this industry
supports [2, 3]. In a worrying trend, the last 15 years have
seen PPR virus (PPRV) broaden its distribution, with epi-
demics as far apart as Morocco and China [4], including
recent (2016) outbreaks in Georgia and Mongolia. PPRV has
now spread to over 70 countries in Africa, the Near and Mid-
dle East, and Asia, and is currently threatening more than
1.7 billion sheep and goats (80% of the global population) [4]
(Fig. 1). Within this area, 300million low-income families
rely on small ruminants for food and for trade; demand for
small ruminant meat/milk is predicted to increase by 177%
by 2030 [5]. PPR has therefore been highlighted as a signifi-
cant disease in need of immediate global control [4]. The
impact of PPR is perhaps best illustrated from an economic

perspective, as it is estimated to cause $1.45–$2.1 billion
(USD) worth of losses per year [4, 6].

As a result of the clear economic, social and health impacts of
PPR on human populations, the international community, in
particular the Food and Agriculture Organization of the
United Nations (FAO) and the World Organisation for Ani-
mal Health (OIE), is now targeting PPR for eradication [4].
This campaign is justified by the benefits that would accrue
from PPR control, and builds upon the successful eradication
of rinderpest virus, the closely related morbillivirus of large
ruminants. The international community’s success in eradi-
cating rinderpest was based on the readily available, cheap
and effective live attenuated Plowright vaccine, as well as col-
laboration on a global scale. These features are central also to
the eradication strategy for PPR, which comprises a multi-
stage process involving status assessment followed by disease
control (vaccination) leading to PPRV-free status (full details
can be obtained on the FAO and OIE websites (www.fao.org/
ppr/en/ and www.oie.int/animal-health-in-the-world/ppr-
portal/). As was the case with the rinderpest eradication
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programme, there are effective vaccines against PPRV [7, 8]
and good laboratory diagnostic tests [9]. However, much of
our understanding of the virus is based on an assumed simi-
larity to rinderpest virus (RPV) [10]. While certain correla-
tions are likely to be valid, particularly in areas relating to the
physical properties of the virus, the pathogenesis and trans-
mission may differ significantly, while the breadth of host
species susceptible to infection with PPRV has not been well
characterized, as was the case for RPV. The purpose of this
review is to summarize current and future research that can
support the PPRV eradication campaign, through basic and
applied studies in molecular biology, epidemiology and vacci-
nology. While there exists a good basis of support for the con-
trol programmes being set up, more research is required to
ensure the ultimate success of the eradication campaign.

PPRV

PPRV is a paramyxovirus of the genus Morbillivirus, closely
related to measles virus (MeV) (of humans) and the now
eradicated RPV of cattle (Fig. 2). The virus is an enveloped
RNA virus with a non-segmented genome of negative sense.
PPRV virology has been extensively reviewed elsewhere [2, 3,
11, 12]; however, the salient points are that this virus is a
highly infectious pathogen causing an acute febrile illness
within susceptible sheep and goat populations. The associated
disease has high morbidity, with mortality rates approaching
50 to 80% [1]. There is no known arthropod vector, and
transmission is thought to be via aerosol or contaminated
fomites [12].

An effective live attenuated vaccine strain (Nigeria 75/1;
lineage II) was derived in the 1980s [13]. This vaccine is
known to give protection for at least 3 years [8, 10] and has
been used throughout Africa, the Middle East and many
countries in Asia. The major exception is India, where sev-
eral similar vaccine strains, e.g. Sungri 96 (lineage IV), have
been developed and are in widespread use in that country
[7, 14]. However, since PPRV is mono-serotypic there is no
evidence that the original vaccine strain would not be effec-
tive in India, or that the Indian vaccine strains would not be
effective in Africa, the Middle East or other parts of Asia.

Sequence-based phylogenetic analyses have been used to
divide the known isolates of PPRV into four distinct lineages
[15]. There is no evidence that these lineages vary in their
pathogenicity – rather they are a reflection of the distinct geo-
graphical origins of the viruses (allopatricity) and allow lim-
ited conclusions to be drawn as to the origin of new
outbreaks, e.g. it was clear that the virus that caused the first
outbreaks in Africa north of the Sahara was lineage IV, and
so must have come from Turkey or the Middle East, since
only lineages I, II and III were circulating in sub-Saharan
Africa at that time [16, 17].

PPRV VIROLOGY AND EPIDEMIOLOGY:

IMPROVING OUR FUNDAMENTAL

UNDERSTANDING

There have been many advances in morbillivirus research in
the last 10–15 years, e.g. identification of two receptors

Fig. 1. Geographic distribution of PPRV. Adapted from official OIE data on the global prevalence of PPRV. Countries highlighted in red

have had recognized outbreaks of PPRV in the past.
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CD150/SLAMF1 and Nectin-4 [18, 19], as well as a better
understanding of pathogenesis (reviewed here: [20]). How-
ever, PPRV-specific knowledge still lags behind that of MeV
and RPV. In particular, features such as host-susceptibility,
transmission and field epidemiology remain poorly
characterized.

Examining small ruminant susceptibility

Previous reports have suggested that goats may be more
severely affected than sheep by PPRV infection [21–23].
However, variation in disease severity has also been
observed between different species of goats [24, 25], and
detailed research is required to define this susceptibility and
whether the variation extends to specific features such as
the duration of viral shedding in infected animals, which
will contribute to the dynamics of PPR transmission. If
within-species genetic variation in host susceptibility to dis-
ease is found, as has been shown for other ruminant patho-
gens, such as the sheep lentiviruses that cause ovine
progressive pneumonia [26], the identification of naturally
PPRV-resistant breeds could provide opportunities for
selective breeding. An extensive sheep and goat breed
genome database is available, which was used to show, for
example, that variation in the PPRV epithelial receptor, nec-
tin-4, does not confer differential susceptibility [27], and
this is a promising area for continued research. However,
while completely resistant breeds serve as an important tool
in endemic areas to complement ongoing eradication, the
impact of such animals on PPRV epidemiology (e.g. the
possibility of subclinical spread of the virus) should be con-
sidered carefully.

The role of other species in PPRV epidemiology

There are numerous reports of PPRV infection in animals
other than domestic sheep and goats. Infection of wild

sheep/goats [28–30] and other wild and domestic ruminants
(cattle, buffalo, gazelle and wildebeest) have been reported
[31–34], as well as camels [35] and recently even dogs [36].
If confirmed and shown to be relevant from a transmission
perspective, such observations would be very important due
to the continued existence of transhumance and pastoralism
amongst sheep and goat herders. However, few of these
reports discriminate between (i) species that can be infected
subclinically, seroconvert but do not shed virus (spill-over
or dead-end infections); (ii) species that develop disease and
which actively secrete infectious virus; and (iii) species in
which infection is clinically inapparent but the animal
remains infectious, shedding virus. Even where a specific
pathogenesis has been related to isolated PPRV, as was the
case with camels [37], follow-up investigations in which the
isolated virus has been reintroduced into naïve camels have
not been performed. It is important that such observations
should be extended robustly to correlate pathogenesis, anti-
body responses and virus excretion. The level of virus excre-
tion is the most difficult to determine; however, without this
information it is very difficult to address adequately the
associated risk to the PPR control and eradication cam-
paign. The presence of the disease in wildlife is another area
where additional research is needed. In December 2016, the
disease was diagnosed in several wildlife populations in east-
ern Mongolia, e.g. saiga antelope (Saiga tatarica mongolica),
ibex (Capra sibirica) and goitred gazelle (Gazella subguttor-
osa), with more than 5000 deaths (World Animal Health
Information Database; WAHIS interface). An important
first step in this area is to ensure that the currently available
tests for sero-diagnosis of PPRV are validated in serum
samples from these animal species, e.g. camels, saiga deer
and ibex. With specific reference to the PPRV eradication
campaign, the significance of these infections as a whole

Fig. 2. Morbillivirus genome alignment. A phylogenetic tree comparing the established morbilliviruses with a focus on PPRV (including

field isolates and vaccine strains). Complete genome sequences were used to generate a pairwise tree using the AlignX package within

Vector NTI. Genbank accession numbers and genetic distances from the branch are provided in parentheses. Abbreviations: CDV,

canine distemper virus; CeMV, cetacean morbillivirus; IC, Côte d’Ivoire (Ivory Coast); FmoPV, feline morbillivirus; MeV, measles virus;

Ng, Nigeria; PDV, phocine distemper virus; PPRV, peste des petits ruminants virus; RPV, rinderpest virus; Su, Sungri; Tu, Turkey. PPRV

genomes highlighted with asterisks are vaccine strains.
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should be carefully evaluated, as they may not significantly
affect the ultimate success of the programme.

Characterizing PPRV transmission

Some basic parameters of the transmission of PPRV remain
to be established. Early studies on RPV established the
period during which live virus was excreted from infected
animals and the level of virus in various excretions, such as
milk, urine and faeces [38]. These studies have never been
carried out on PPRV and, while it is tempting to assume a
similar pattern for related viruses, there are clear differences
between the two diseases which may have significant effects
on the transmission dynamics, notably that PPRV shows
extensive lung pathology in infected sheep/goats, which was
not seen in RPV-infected cattle. Quantitative data should
therefore be acquired to improve our understanding of the
key differences between PPRV and RPV.

Similarly, little is also known about the stability of PPRV in
the environment [10]. In order to provide the required sup-
porting data to the eradication campaign, research must be
conducted on the stability of PPRV in relevant contexts, e.g.
the role of contaminated bedding and fomites in PPRV
transmission by animal movement, or its stability in prod-
ucts such as milk and meat. An important characteristic of
morbillivirus infections is their systemic infection, with the
virus being found in various excretions and bodily fluids
[39], and this pathogenic feature cannot be overlooked in
modelling the transmission of the virus.

Factors affecting herd immunity and determining
vaccination policy

The success of the PPR eradication strategy could depend on
our ability to model virus transmission and epidemiology cor-
rectly. While it is clear that the entirety of a naïve herd can
rapidly become infected by PPRV, our understanding at a
farm-by-farm level, with varying herd-immunities, is much
weaker. Further field studies on PPRV transmission are there-
fore required to define the basic reproduction number (R0)
and effective reproductive number (Rt) (in the context of herd
immunity) of PPRV and to analyse how different environ-
ments, farming intensity, animal replacement rates and pasto-
ral systems influence these values. Knowledge of R0 and Rt is
required to establish the level of herd immunity required to
prevent transmission; in the absence of specific data, the target
immunity levels may only be estimated. Currently, herd
immunity levels of anything from 70 to 90% are widely
quoted as being required to successfully prevent PPR trans-
mission, figures which are rooted in the rinderpest eradication
campaign as much as in more specific PPR studies [40–42].
Studies of this kind have been performed, e.g. in Tanzania
[43] and Pakistan [44], estimating an Rt of 4.0 (range 2.8–6.5)
and a R0 of 6.9, respectively; however, more research is
required to substantiate these findings and extend them to
other farming environments.

Other factors, such as the short economic lifespan of small
ruminants, pastoralism, agricultural production systems,
population density, extensive international trade etc., are

likely to play a significant role in transmission. For example,
based on historical data and epidemiological research on
MeV, it is likely that PPRV epidemics/outbreaks will
become irregular and unpredictable after the eradication
campaign begins [40, 41, 45, 46]. The causes of this irregu-
larity are considered to be linked to exogenous factors, par-
ticularly altering birth rates during vaccination [45]. It will
therefore be important for field epidemiologists to monitor
the effects of the eradication campaign on small ruminant
birth rate, which may increase in relation to herd immunity.
Independently, there is also a requirement for well-con-
trolled transmission studies to facilitate this discussion,
although it is already known that within-herd infection rates
in naïve populations can be 100%, with associated mortality
rates of 50–90% [4, 47].

From a broader perspective, a more detailed understanding
of the trade in small ruminants might also improve our
understanding of PPR transmission. Research in this area
can be used to guide targeted vaccination strategies and may
also help to define the true nature of endemicity from a
virology, epidemiology and pathogenesis perspective. These
resources and research will be particularly important in the
later stages of an eradication campaign, when movement
controls are a critical tool in preventing the spread and re-
emergence of the disease.

PPRV VACCINATION: CURRENT SITUATION

AND FUTURE TRENDS

Implementing thermostable vaccines

One of the key issues in effective implementation of the
existing live PPRV vaccines is their limited thermotolerance,
which requires the maintenance of a cold-chain. For rinder-
pest virus this problem was overcome through use of
specific lyophilized vaccine preparations with high thermo-
tolerance [48]. Freeze-drying using lactalbumin hydrolysate
and sucrose stabilizers increased the robustness of the vac-
cine preparation, allowing short-term storage at tempera-
tures up to 37

�

C or even 45
�

C. Similar technologies have
been applied to PPR vaccines [49] and the process appears
to provide good stabilization, e.g. several months at 37

�

C
[50]. Research in this area must focus on optimizing these
approaches to provide technology that can be directly
applied by commercial producers of the vaccine.

Development and application of PPRV vaccines

There have been repeated calls for the development of a
new generation of PPR vaccines, specifically vaccines capa-
ble of distinguishing vaccinated from infected animals
(DIVA) [7, 51]. Some of the most promising DIVA candi-
dates are recombinant viruses expressing viral surface gly-
coproteins to elicit a protective immune response. Since a
natural PPRV infection also elicits an anti-nucleoprotein
response in animals, these DIVA vaccines theoretically
make the serological response in vaccinated animals dis-
tinguishable from naturally infected animals. This is espe-
cially useful in situations where surveillance is being
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implemented at the same time as vaccination. In recent
years several such vaccines have been successfully devel-
oped, particularly using adenovirus [52–55] and goat/
sheep pox vectors [56–58], and some have been tested for
efficacy in conventional PPR challenge studies; however,
their capacity for long-term protection (up to 2 years) has
yet to be determined. For vectored vaccines, the presence
of pre-existing immunity against the vector, i.e. in the case
of capripox combination vaccines [59], has also not been
thoroughly examined in the field. In all these cases, further
research is required to convert their clear potential into
applicable field vaccines. Besides trans-expression of viral
glycoproteins, there have also been approaches taken to
generate recombinant PPRV-based DIVA vaccines, e.g.
negatively marking dominant epitopes in H commonly
detected during sero-surveillance [60]. Two systems for
making recombinant PPRV have been published [61, 62],
offering a promising route for the production of such
novel marker, DIVA or heterologous vaccines. However, it
remains to be seen how effective this approach could be
for PPRV, and how stable these mutations are during live-
vaccine production. Importantly, all of these vaccines con-
stitute ‘genetically modified organisms’ (GMOs), and
therefore adequate planning must be taken before they can
be legally implemented in the field.

Separately, it is also worth considering the age at which vac-
cination can be performed efficaciously. Sheep and goats
have short gestation periods (c. 150 days) and can breed
twice a year. This, combined with their short economic life-
spans in the developing world (c. 3–5 years), means that
populations are highly dynamic, complicating the develop-
ment of the robust herd immunity levels required for eradi-
cation. Younger animals will therefore be a primary target
for vaccination; however, few detailed research data are
available to indicate the age at which they can be vaccinated.
In addition, the duration of protective maternal immunity
provided by an immunized or naturally infected dam is also
unclear, as well as the degree to which this immunity can
prevent effective vaccination. These are clearly areas where
specific research needs to be performed to provide data to
support vaccination, and ultimately eradication.

PPRV co-morbidities and the control of other
diseases of small ruminants

Co-morbidities are a frequent problem in small ruminant
farming, e.g. in one study in Turkey, PPRV, bluetongue
virus and sheep/goat pox virus were all identified in the
same flock of sheep and goats [63]. There is also evidence
for co-circulation of PPRV with other pathogens such as
B. anthracis and foot and mouth disease virus (FMDV)
[64] or Brucella spp [65]. Another concern is that viruses
such as Rift Valley fever virus (RVFV) or Nairobi sheep
disease virus (NSDV) may replicate preferentially in PPR-
affected animals. MeV infection has been shown to cause
profound immune suppression as a result of lymphopenia,
cytokine imbalances and deficient expansion of PBMCs
[66]. Immune suppression was also seen in RPV-infected

animals, even those exposed only to the vaccine [67].
Research is therefore required to examine whether PPRV
similarly causes long-term immune suppression and
whether the vaccine strains have any such effect, even if
transient, which may impact on the efficacy of co-admin-
istered vaccines.

Nevertheless, a well-orchestrated PPR eradication campaign
could provide an excellent platform for the control of other
small ruminant diseases. The major cost of any vaccination
campaign is normally that of vaccine delivery. Significant
benefits and cost improvements could be achieved through
simultaneous vaccination against several small ruminant dis-
eases. This could be addressed either by recombinant vaccines
such as the capripox/PPRV vaccine [59] or by combined vac-
cination against PPR and sheep goat pox, which has already
been shown to be effective [58]. Integrated control campaigns
of this kind are already being implemented in some countries,
e.g. in Morocco for PPR and sheep pox [68]. However, as
mentioned above, this approach raises concerns about the
possible interactions between co-administered vaccines. For
this type of approach to be generally implemented in the PPR
vaccination or eradication strategy, further research is needed
to determine the safety and efficacy of different combinations
of these vaccines.

DIAGNOSTICS – EVERYDAY APPLICATION

AND FUTURE INNOVATION

The existing diagnostic platforms to support PPR eradica-
tion range from commercially available ELISAs and RT-
PCRs to gold-standard VNTs. These assays serve to detect
either the virus directly (either through isolation of infec-
tious virus or via detection of viral antigen or genome) or to
detect the animal’s response to infection (primarily through
virus-specific antibody responses). Although robust tools
exist, there is still a need for research to improve and adapt
existing tests to match various situations that may arise dur-
ing the implementation of the eradication campaign.

Novel tools in the pipeline

Recent developments include a lateral flow device (pen-side
test) for rapid-detection of PPRV in the field [69]. This test
is proving particularly useful in field situations where there
is poor access to laboratory diagnostics, either through geo-
graphical restrictions or political instability, and allows
more rapid decisions about the implementation of control
measures. The recently established viral-pseudotype system
for PPRV, which permits detection of virus-specific anti-
bodies without the need for live virus, is also a noteworthy
development [70]. This alternative to classical VNT assays
could prove particularly useful during an eradication cam-
paign for those diagnostic laboratories that do not have the
facilities to handle high-containment pathogens such as
PPRV. The development of the pseudotype-based assay for
neutralizing antibodies highlights a hitherto unexplored
aspect of ‘gold-standard’ live virus-based VNTs. Morbillivi-
rus infections may induce cross-neutralizing antibodies, and
hence the detection of a neutralizing antibody titre in cattle
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against PPRV by live virus-based VNT is not conclusive
evidence of PPRV infection; the animal may have been
exposed to PPRV, RPV or CDV, all of which may induce
anti-PPRV neutralizing or cross-neutralizing antibodies [70,
71]. The recent development of a helper cell-dependent
recombinant PPRV has also yielded a promising, yet bio-
safe, source of viral antigen for future diagnostics, since this
system produces replication-incompetent virus [72].

Future perspectives on monitoring the virus in the
field

Sequencing and molecular epidemiology will play an effec-
tive role in PPR control and eradication. Existing phyloge-
netic analysis of PPRV focuses on relatively short regions in
the N and F genes; however, it is possible that these may
prove insufficiently variable in the future, should one line-
age, e.g. lineage IV, predominate. Future research should
therefore focus on insuring against such an eventuality.
One option is to concentrate analysis on the ectodomain
region of the H ORF, as is the case for MeV [73], since
these data can also be translated into functional information
on receptor binding [74] or antigenicity [75], while still
providing sufficient data to cluster the viruses phylogeneti-
cally along similar lines to the existing N- and F-based sys-
tems (Fig. 3). Logically, however, it may be beneficial to
plan strategically for entire genome sequencing, to allow
detailed monitoring of any ongoing PPRV epidemic. This
genome-wide approach was shown recently to be essential
for identifying the origin of a measles outbreak at the 2010
Vancouver Winter Olympic Games [76–78]; furthermore,
full PPRV genome sequences, including vaccine sequences,
are already available to support this effort [79, 80] (Table 1
and Fig. 2). It is also possible that a PPRV eradication cam-
paign could drive an evolutionary reduction in viral patho-
genesis in the field, complicating surveillance and detection
mechanisms and undermining the success of the strategy.
This has been suggested as a potential explanation for the
‘mild’ rinderpest strains reported in East Africa towards the

end of that eradication campaign [81]. Future research in
this area must complement both in vivo experimentation
and transmission studies with ongoing molecular epidemi-
ology and genome-wide sequencing endeavours in order to
adequately address these risks.

Separately, in countries where PPR is endemic, there is a need
to develop low-cost diagnostic tests or simple tests that can be
applied in the field or in low-technology situations. If the
global PPR strategy recommends combining PPR control with
control of other diseases of small ruminants, a cost-effective,
multi-disease diagnostic test would be very useful for simulta-
neous surveillance for all the target diseases. These multi-dis-
ease diagnostic tests may also be necessary during the final
stages of the eradication programme, when PPR-like disease
symptoms must be investigated to rule out virus re-incursion
and provide robust differential diagnostics.

Fig. 3. A phylogenetic tree comparing PPRV haemagglutinin amino

acid sequences. Isolates from all four recognized genetic lineages (I–

IV) of PPRV are represented and cluster accordingly. This pairwise

tree was constructed using the AlignX package within Vector Nti, with

Kimura’s correction. Genetic distances from the branch are provided

in parentheses; please refer to Table 1 for Genbank accession

numbers.

Table 1. Currently available PPRV genome sequences ordered by

genetic lineage and year of virus isolation

GenBank

accession no

Country of

origin

Lineage Year of

isolation

Similarity to

AJ849636 (%)

KP789375 Senegal I 1969 89

EU267273 Côte

d’Ivoire

I 1989 89

KR781450 Benin II 1969 92

HQ197753* Nigeria II 1975 92

EU267274 Nigeria II 1976 93

KR781451 Côte

d’Ivoire

II 2009 92

KJ466104 Ghana II 2010 92

KR781449 Benin II 2011 95

KJ867543 Uganda II 2012 93

KR828814 Nigeria II 2012 97

KM212177 Senegal II 2013 91

KU236379 Liberia II 2015 92

KJ867545 UAE III 1986 87

KJ867540 Ethiopia III 1994 89

KM463083 Kenya III 2011 93

KR140086 India IV 1994 98

KF727981* India IV 1996 98

AJ849636 Turkey IV 2000 100

FJ905304 China IV 2007 97

JF939201 China IV 2007 97

KC594074 Morocco IV 2008 90

JX217850 China IV 2008 97

KJ867541 Ethiopia IV 2010 91

KR828813 Nigeria IV 2013 97

KM091959 China IV 2013 97

KR261605 India IV 2014 97

KT270355 India IV 2014 97

KT633939 China IV 2015 96

KX354359 China IV 2015 97

KX033350 India IV 2016 97

*Denotes vaccine strain.
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SOCIO-ECONOMIC IMPACT

Socio-economic studies into the impact of PPRV on small
ruminant production and livelihoods should not be over-
looked, as these studies will assist in advocating for invest-
ment in the PPR Global Eradication Programme. Despite
increased attention and laboratory research on PPRV in the
last 10–15 years, we neither fully understand nor publicize
the impact of this disease on the livelihoods of small rumi-
nant keepers and national economies across the world. In
order to leverage funding for the research detailed in this
review, we must highlight the role and importance of goats
and sheep within agriculture, e.g. by examining the multiple
uses and services they provide as well as the roles they play
in different farming systems. A better appreciation of the
impact of socio-economic factors on PPR vaccination is also
needed, e.g. the incentives and disincentives associated with
small ruminant production and how they influence partici-
pation in eradication campaigns. At present an in-depth
understanding of this balance is lacking from both the ser-
vice providers’ and livestock owners’ perspective, especially
in areas directly affected by PPRV. Developing better ana-
lytical approaches to estimate and compare all products and
services, and how these are affected by PPRV, will help to
highlight the true worth of small ruminants and the impor-
tance of research that supports the eradication campaign.

EXAMINING THE POTENTIAL FOR INTER-

SPECIES (AND ZOONOTIC) TRANSMISSION OF

MORBILLIVIRUSES

There is one additional point for consideration across the
research community, the consequences and impact of which
may lie downstream of PPRV’s eradication. Immune
responses to morbilliviruses show significant levels of cross-
protection against infection with other species of morbillivi-
ruses [13, 82]. Accordingly, the eradication of one species of
morbillivirus and the subsequent cessation of vaccination
may have long-term consequences on host immunity to
zoonotic infections with other morbilliviruses. It has been
suggested that rinderpest eradication and the cessation of
vaccination may have played a role in the ongoing spread of
PPR [3, 47]. Future studies should investigate whether there
is indeed a causal link, for example by examining the effect
of removing cross-protective antibodies from host popula-
tions. The recent spread of PPR may be due to other factors
such as better surveillance, a shift in veterinary focus to sus-
tainable small ruminant production, increased trade in
ruminants over larger distances, or increased regional politi-
cal instability. There are fears that other morbilliviruses
(known or emerging) may colonize newly available ‘vacated
niches’ [83]. Post-PPRV eradication, the world’s cattle,
sheep and goat populations would lack cross-protective
immunity to morbillivirus infection. Canine distemper virus
(CDV), a virus with an almost global distribution, is capable
of causing significant disease in a broad range of hosts,
including non-human primates [84, 85]. CDV can rapidly
adapt to use the human form of the morbillivirus receptor

(SLAMF1) in vitro [86], raising concerns about the ease
with which these viruses can effectively jump hosts. Indeed,
serological responses to CDV were described recently in
Tanzanian cattle [71]. In addition, a new spectrum of previ-
ously uncharacterized morbilliviruses has been identified in
global bat and rodent populations [87], as well as a specific
new morbillivirus in domestic cats [88]. There is therefore a
critical requirement to develop novel approaches for assess-
ing the risk of such transmission events taking place, for
example by defining the capacity for animal morbilliviruses
to interact with receptors from target species and by assess-
ing the degree of cross-protection afforded by neutralizing
antibodies. By extension, this work would inform our
approach to protecting human health following the global
eradication of measles.

SUMMARY AND CONCLUSIONS

There are compelling animal health, economic and social
reasons to support the FAO/OIE-led PPR Global Eradica-
tion Programme. Alleviating the effect of PPR will have a
considerable impact on the sustainability of small ruminant
agriculture in many low-income countries whilst simulta-
neously addressing the ubiquitous need for an increased
and reliable source of animal protein. To facilitate the deliv-
ery and success of the eradication programme there are
many areas, including those described above and
highlighted in Box 1, where applied and basic research can
provide support. It is important to note that little of this
work requires the development of new technologies, or even
the application of the very latest technologies, but rather the
careful application of classical virology and epidemiology to
provide quantitative data to support those coordinating the
eradication of this important livestock disease.

Box 1. Key research priorities

. Determining the role of atypical hosts in PPRV epidemi-

ology (i.e. species other than sheep and goats).
. Characterizing the effective reproductive number (Rt) of

PPRV in various environments.
. Ensuring effective and broad implementation of thermo-

stable vaccine technology, along with good manufacturing

practice (GMP).
. Improving our understanding of vaccination efficacy in

young animals.
. Developing a DIVA vaccine with associated and validated

differential diagnostic tests.
. Refining the targets for molecular epidemiology and

developing validated partner technologies.
. Increasing the scope and application of in-field

diagnostics.
. Examining the potential for inter-species morbillivirus

transmission.

Baron et al., Journal of General Virology 2017;98:2635–2644

2641



Downloaded from www.microbiologyresearch.org by

IP:  130.209.115.82

On: Mon, 12 Mar 2018 12:34:48

Funding information
DB was funded by a University of Birmingham Fellowship and Well-
come Trust Institutional Strategic Support Fund (ISSF). BJW was
funded by the Biotechnology and Biological Sciences Research Council
(project BB/M018628/1).

Acknowledgements
D. B. would like to acknowledge the support of Eran Raizman in secur-
ing his secondment to FAO.

Conflicts of interest
The authors declare that there are no conflicts of interest.

References
1. Banyard AC, Parida S, Batten C, Oura C, Kwiatek O et al. Global

distribution of peste des petits ruminants virus and prospects for
improved diagnosis and control. J Gen Virol 2010;91:2885–2897.

2. Albina E, Kwiatek O, Minet C, Lancelot R, Servan de Almeida R
et al. Peste des petits ruminants the next eradicated animal dis-
ease? Vet Microbiol 2013;165:38–44.

3. Kumar N, Maherchandani S, Kashyap SK, Singh SV, Sharma S
et al. Peste des petits ruminants virus infection of small rumi-
nants: a comprehensive review. Viruses 2014;6:2287–2327.

4. OIE, FAO. 2015. Global strategy for the control and eradication of
PPR. World Organisation for Animal Health (OIE); Food and Agri-
culture Organization of the United Nations (FAO)2015 Contract
No.: ISBN 978-92-9044-989-8; ISBN 978-92-5-108733-6. www.
fao.org/3/a-i4460e.pdf.

5. Robinson TP, Pozzi F. Mapping Supply and Demand for Animal-

Source Foods to 2030. Rome: FAO; 2011.

6. Jones BA, Rich KM, Mariner JC, Anderson J, Jeggo M et al. The
economic impact of eradicating peste des petits ruminants: a ben-
efit-cost analysis. PLoS One 2016;11:e0149982.

7. Buczkowski H, Muniraju M, Parida S, Banyard AC. Morbillivirus
vaccines: recent successes and future hopes. Vaccine 2014;32:
3155–3161.

8. Diallo A. Control of peste des petits ruminants: classical and new
generation vaccines. Dev Biol 2003;114:113–119.

9. Santhamani R, Singh RP, Njeumi F. Peste des petits ruminants
diagnosis and diagnostic tools at a glance: perspectives on global
control and eradication. Arch Virol 2016;161:2953–2967.

10. EFSA Panel on Animal Health and Welfare (AHAW). Scientific
Opinion on peste des petits ruminants. EFSA Journal 2015;13:
3985.

11. Baron MD, Diallo A, Lancelot R, Libeau G. Peste des petits rumi-
nants virus. Adv Virus Res 2016;95:1–42.

12. Munir M. Peste des Petits Ruminants Virus. Berlin Heidelberg:
Springer-Verlag; 2015.

13. Diallo A, Taylor WP, Lef�evre PC, Provost A. [Attenuation of a
strain of rinderpest virus: potential homologous live vaccine]. Rev
Elev Med Vet Pays Trop 1989;42:311–319.

14. Siddappa M, Gandham RK, Sarsani V, Mishra BP, Mishra B et al.

Whole-genome sequence of sungri/96 vaccine strain of peste des
petits ruminants virus. Genome Announc 2014;2:e00056-14.

15. Shaila MS, Shamaki D, Forsyth MA, Diallo A, Goatley L et al. Geo-
graphic distribution and epidemiology of peste des petits rumi-
nants virus. Virus Res 1996;43:149–153.

16. Kwiatek O, Ali YH, Saeed IK, Khalafalla AI, Mohamed OI et al.

Asian lineage of peste des petits ruminants virus, Africa. Emerg

Infect Dis 2011;17:1223–1231.

17. Muniraju M, El Harrak M, Bao J, Ramasamy Parthiban AB,
Banyard AC et al. Complete genome sequence of a peste des
petits ruminants virus recovered from an alpine goat during an
outbreak in Morocco in 2008. Genome Announc 2013;1:e00096-13.

18. Mühlebach MD, Mateo M, Sinn PL, Prüfer S, Uhlig KM et al. Adhe-
rens junction protein nectin-4 is the epithelial receptor for mea-
sles virus. Nature 2011;480:530–533.

19. Tatsuo H, Ono N, Tanaka K, Yanagi Y. SLAM (CDw150) is a cellular

receptor for measles virus. Nature 2000;406:893–897.

20. Laksono BM, de Vries RD, Mcquaid S, Duprex WP, de Swart
RL. Measles virus host invasion and pathogenesis. Viruses 2016;

8:210.

21. Hammouchi M, Loutfi C, Sebbar G, Touil N, Chaffai N et al. Experi-

mental infection of alpine goats with a Moroccan strain of peste

des petits ruminants virus (PPRV). Vet Microbiol 2012;160:240–
244.

22. Truong T, Boshra H, Embury-Hyatt C, Nfon C, Gerdts V et al. Peste

des petits ruminants virus tissue tropism and pathogenesis in

sheep and goats following experimental infection. PLoS One 2014;

9:e87145.

23. Wernike K, Eschbaumer M, Breithaupt A, Maltzan J, Wiesner H
et al. Experimental infection of sheep and goats with a recent iso-

late of peste des petits ruminants virus from Kurdistan. Vet

Microbiol 2014;172:140–145.

24. Couacy-Hymann E, Bodjo C, Danho T, Libeau G, Diallo A. Evalua-
tion of the virulence of some strains of peste-des-petits-rumi-

nants virus (PPRV) in experimentally infected West African dwarf

goats. Vet J 2007;173:178–183.

25. Diop M, Sarr J, Libeau G. Evaluation of novel diagnostic tools for

peste des petits ruminants virus in naturally infected goat herds.
Epidemiol Infect 2005;133:711–717.

26. Heaton MP, Clawson ML, Chitko-Mckown CG, Leymaster KA,
Smith TP et al. Reduced lentivirus susceptibility in sheep with

TMEM154 mutations. PLoS Genet 2012;8:e1002467.

27. Birch J, Juleff N, Heaton MP, Kalbfleisch T, Kijas J et al. Charac-

terization of ovine Nectin-4, a novel peste des petits ruminants
virus receptor. J Virol 2013;87:4756–4761.

28. Abubakar M, Rajput ZI, Arshed MJ, Sarwar G, Ali Q. Evidence of

peste des petits ruminants virus (PPRV) infection in Sindh Ibex

(Capra aegagrus blythi) in Pakistan as confirmed by detection of

antigen and antibody. Trop Anim Health Prod 2011;43:745–747.

29. Bao J, Wang Z, Li L, Wu X, Sang P et al. Detection and genetic

characterization of peste des petits ruminants virus in free-living

bharals (Pseudois nayaur) in Tibet, China. Res Vet Sci 2011;90:238–

240.

30. Munir M. Role of wild small ruminants in the epidemiology of

peste des petits ruminants. Transbound Emerg Dis 2014;61:411–
424.

31. Abubakar M, Mahapatra M, Muniraju M, Arshed MJ, Khan EH
et al. Serological detection of antibodies to peste des petits rumi-

nants virus in large ruminants. Transbound Emerg Dis 2017;64:
513–519.

32. Balamurugan V, Krishnamoorthy P, Veeregowda BM, Sen A,
Rajak KK et al. Seroprevalence of Peste des petits ruminants in

cattle and buffaloes from Southern Peninsular India. Trop Anim

Health Prod 2012;44:301–306.

33. Gür S, Albayrak H. Seroprevalance of peste des petits ruminants

(PPR) in goitered gazelle (Gazella subgutturosa subgutturosa) in

Turkey. J Wildl Dis 2010;46:673–677.

34. Mahapatra M, Sayalel K, Muniraju M, Eblate E, Fyumagwa R et al.

Spillover of peste des petits ruminants virus from domestic to

wild ruminants in the serengeti ecosystem, Tanzania. Emerg Infect

Dis 2015;21:2230–2234.

35. Woma TY, Kalla DJ, Ekong PS, Ularamu HG, Chollom SC et al.

Serological evidence of camel exposure to peste des petits rumi-

nants virus (PPRV) in Nigeria. Trop Anim Health Prod 2015;47:603–
606.

36. Ratta B, Pokhriyal M, Singh SK, Kumar A, Saxena M et al. Detec-

tion of peste des petits ruminants virus (PPRV) genome from

nasal swabs of dogs. Curr Microbiol 2016;73:99–103.

37. Khalafalla AI, Saeed IK, Ali YH, Abdurrahman MB, Kwiatek O et al.

An outbreak of peste des petits ruminants (PPR) in camels in the

Sudan. Acta Trop 2010;116:161–165.

Baron et al., Journal of General Virology 2017;98:2635–2644

2642

http://www.fao.org/3/a-i4460e.pdf
http://www.fao.org/3/a-i4460e.pdf


Downloaded from www.microbiologyresearch.org by

IP:  130.209.115.82

On: Mon, 12 Mar 2018 12:34:48

38. Liess B, Plowright W. Studies on the pathogenesis of rinderpest
in experimental cattle. I. Correlation of clinical signs, viraemia and
virus excretion by various routes. J Hyg 1964;62:81–100.

39. de Vries RD, Duprex WP, de Swart RL. Morbillivirus infections: an
introduction. Viruses 2015;7:699–706.

40. Anderson RM, May RM. Immunisation and herd immunity. Lancet
1990;335:641–645.

41. Fox JP. Herd immunity and measles. Rev Infect Dis 1983;5:463–
466.

42. Roeder PL, Taylor WP. Mass vaccination and herd immunity: cat-
tle and buffalo. Rev Sci Tech 2007;26:253–263.

43. Kivaria FM, Kwiatek O, Kapaga AM, Swai ES, Libeau G et al. The
incursion, persistence and spread of peste des petits ruminants in
Tanzania: epidemiological patterns and predictions. Onderstepoort
J Vet Res 2013;80:593.

44. Zahur AB, Ullah A, Irshad H, Farooq MS, Hussain M et al. Epide-
miological investigations of a peste des petits ruminants (PPR)
outbreak in Afghan sheep in Pakistan. Pak Vet J 2009;29:174–178.

45. Earn DJ, Rohani P, Bolker BM, Grenfell BT. A simple model for
complex dynamical transitions in epidemics. Science 2000;287:
667–670.

46. Rashid H, Khandaker G, Booy R. Vaccination and herd immunity:
what more do we know? Curr Opin Infect Dis 2012;25:243–249.

47. Banyard AC, Wang Z, Parida S. Peste des petits ruminants virus,
eastern Asia. Emerg Infect Dis 2014;20:2176–2178.

48. Mariner JC, House JA, Sollod AE, Stem C, van den Ende M et al.

Comparison of the effect of various chemical stabilizers and
lyophilization cycles on the thermostability of a Vero cell-adapted
rinderpest vaccine. Vet Microbiol 1990;21:195–209.

49. Sarkar J, Sreenivasa BP, Singh RP, Dhar P, Bandyopadhyay SK.
Comparative efficacy of various chemical stabilizers on the ther-
mostability of a live-attenuated peste des petits ruminants (PPR)
vaccine. Vaccine 2003;21:4728–4735.

50. Mariner JC, Gachanja J, Tindih SH, Toye P. A thermostable pre-
sentation of the live, attenuated peste des petits ruminants vac-
cine in use in Africa and Asia. Vaccine 2017;35:3773–3779.

51. Liu F, Wu X, Liu W, Li L, Wang Z. Current perspectives on conven-
tional and novel vaccines against peste des petits ruminants. Vet
Res Commun 2014;38:307–322.

52. Herbert R, Baron J, Batten C, Baron M, Taylor G. Recombinant
adenovirus expressing the haemagglutinin of peste des petits
ruminants virus (PPRV) protects goats against challenge with
pathogenic virus; a DIVA vaccine for PPR. Vet Res 2014;45:24.

53. Holzer B, Taylor G, Rajko-Nenow P, Hodgson S, Okoth E et al.

Determination of the minimum fully protective dose of adenovi-
rus-based DIVA vaccine against peste des petits ruminants virus
challenge in East African goats. Vet Res 2016;47:20.

54. Qin J, Huang H, Ruan Y, Hou X, Yang S et al. A novel recombinant
Peste des petits ruminants-canine adenovirus vaccine elicits long-
lasting neutralizing antibody response against PPR in goats. PLoS
One 2012;7:e37170.

55. Rojas JM, Moreno H, Valc�arcel F, Peña L, Sevilla N et al. Vaccina-
tion with recombinant adenoviruses expressing the peste des
petits ruminants virus F or H proteins overcomes viral immuno-
suppression and induces protective immunity against PPRV chal-
lenge in sheep. PLoS One 2014;9:e101226.

56. Chaudhary SS, Pandey KD, Singh RP, Verma PC, Gupta PK. A
vero cell derived combined vaccine against sheep pox and peste
des petits ruminants for sheep. Vaccine 2009;27:2548–2553.

57. Chen W, Hu S, Qu L, Hu Q, Zhang Q et al. A goat poxvirus-vectored
peste-des-petits-ruminants vaccine induces long-lasting neutrali-
zation antibody to high levels in goats and sheep. Vaccine 2010;
28:4742–4750.

58. Hosamani M, Singh SK, Mondal B, Sen A, Bhanuprakash V et al. A
bivalent vaccine against goat pox and Peste des Petits ruminants
induces protective immune response in goats. Vaccine 2006;24:
6058–6064.

59. Caufour P, Rufael T, Lamien CE, Lancelot R, Kidane M et al. Pro-

tective efficacy of a single immunization with capripoxvirus-vec-
tored recombinant peste des petits ruminants vaccines in
presence of pre-existing immunity. Vaccine 2014;32:3772–3779.

60. Buczkowski H, Parida S, Bailey D, Barrett T, Banyard AC. A novel

approach to generating morbillivirus vaccines: negatively marking
the rinderpest vaccine. Vaccine 2012;30:1927–1935.

61. Hu Q, Chen W, Huang K, Baron MD, Bu Z. Rescue of recombinant
peste des petits ruminants virus: creation of a GFP-expressing
virus and application in rapid virus neutralization test. Vet Res

2012;43:48.

62. Muniraju M, Mahapatra M, Buczkowski H, Batten C, Banyard AC
et al. Rescue of a vaccine strain of peste des petits ruminants

virus: In vivo evaluation and comparison with standard vaccine.
Vaccine 2015;33:465–471.

63. Ozmen O, Kale M, Haligur M, Yavru S. Pathological, serological,
and virological findings in sheep infected simultaneously with
Bluetongue, Peste-des-petits-ruminants, and Sheeppox viruses.
Trop Anim Health Prod 2009;41:951–958.

64. Mondal SP, Yamage M. A retrospective study on the epidemiology

of anthrax, foot and mouth disease, haemorrhagic septicaemia,
peste des petits ruminants and rabies in Bangladesh, 2010-2012.
PLoS One 2014;9:e104435.

65. Lundervold M, Milner-Gulland EJ, O’Callaghan CJ, Hamblin C,
Corteyn A et al. A serological survey of ruminant livestock in
Kazakhstan during post-Soviet transitions in farming and disease
control. Acta Vet Scand 2004;45:211–224.

66. Avota E, Gassert E, Schneider-Schaulies S. Measles virus-induced
immunosuppression: from effectors to mechanisms. Med

Microbiol Immunol 2010;199:227–237.

67. Heaney J, Cosby SL, Barrett T. Inhibition of host peripheral blood

mononuclear cell proliferation ex vivo by Rinderpest virus. J Gen

Virol 2005;86:3349–3355.

68. Fakri F, Ghzal F, Daouam S, Elarkam A, Douieb L et al. Develop-

ment and field application of a new combined vaccine against
Peste des Petits Ruminants and Sheep Pox. Trials Vaccinol 2015;4:
33–37.

69. Baron J, Fishbourne E, Couacy-Hyman E, Abubakar M, Jones BA
et al. Development and testing of a field diagnostic assay for peste
des petits ruminants virus. Transbound Emerg Dis 2014;61:390–
396.

70. Logan N, Mcmonagle E, Drew AA, Takahashi E, Mcdonald M et al.

Efficient generation of vesicular stomatitis virus (VSV)-pseudo-
types bearing morbilliviral glycoproteins and their use in quantify-
ing virus neutralising antibodies. Vaccine 2016;34:814–822.

71. Logan N, Dundon WG, Diallo A, Baron MD, James Nyarobi M et al.

Enhanced immunosurveillance for animal morbilliviruses using
vesicular stomatitis virus (VSV) pseudotypes. Vaccine 2016;34:
5736–5743.

72. Baron J, Baron MD. Development of a helper cell-dependent form
of peste des petits ruminants virus: a system for making biosafe
antigen. Vet Res 2015;46:101.

73. Muñoz-Alía MÁ, Fern�andez-Muñoz R, Casasnovas JM, Porras-
Mansilla R, Serrano-Pardo Á et al. Measles virus genetic evolution
throughout an imported epidemic outbreak in a highly vaccinated
population. Virus Res 2015;196:122–127.

74. Hashiguchi T, Ose T, Kubota M, Maita N, Kamishikiryo J et al.

Structure of the measles virus hemagglutinin bound to its cellular
receptor SLAM. Nat Struct Mol Biol 2011;18:135–141.

75. Fulton BO, Sachs D, Beaty SM, Won ST, Lee B et al. Mutational
analysis of measles virus suggests constraints on antigenic varia-
tion of the glycoproteins. Cell Rep 2015;11:1331–1338.

76. Gardy JL, Naus M, Amlani A, Chung W, Kim H et al. Whole-
genome sequencing of measles virus genotypes H1 and D8 during
outbreaks of infection following the 2010 olympic winter games
reveals viral transmission routes. J Infect Dis 2015;212:1574–
1578.

Baron et al., Journal of General Virology 2017;98:2635–2644

2643



Downloaded from www.microbiologyresearch.org by

IP:  130.209.115.82

On: Mon, 12 Mar 2018 12:34:48

77. Penedos AR, Myers R, Hadef B, Aladin F, Brown KE. Assessment
of the utility of whole genome sequencing of measles virus in the
characterisation of outbreaks. PLoS One 2015;10:e0143081.

78. Rota PA, Bankamp B. Whole-genome sequencing during measles
outbreaks. J Infect Dis 2015;212:1529–1530.

79. Bailey D, Banyard A, Dash P, Ozkul A, Barrett T. Full genome
sequence of peste des petits ruminants virus, a member of the
Morbillivirus genus. Virus Res 2005;110:119–124.

80. Salami H, Croville G, Kwiatek O, Mariette J, Klopp C et al. Com-

plete genome sequence of a field strain of peste des petits rumi-

nants virus isolated during 2010–2014 epidemics in Senegal.

Genome Announc 2014;2:e00772-14.

81. Mariner JC, Roeder PL. Use of participatory epidemiology in stud-

ies of the persistence of lineage 2 rinderpest virus in East Africa.

Vet Rec 2003;152:641–647.

82. Holzer B, Hodgson S, Logan N, Willett B, Baron MD. Protection of

cattle against rinderpest by vaccination with wild-type but not

attenuated strains of peste des petits ruminants virus. J Virol

2016;90:5152–5162.

83. Lloyd-Smith JO. Vacated niches, competitive release and the com-

munity ecology of pathogen eradication. Philos Trans R Soc Lond B

Biol Sci 2013;368:20120150.

84. Sakai K, Nagata N, Ami Y, Seki F, Suzaki Y et al. Lethal canine dis-
temper virus outbreak in cynomolgus monkeys in Japan in 2008.
J Virol 2013;87:1105–1114.

85. Zhao J, Shi N, Sun Y, Martella V, Nikolin V et al. Pathogenesis of
canine distemper virus in experimentally infected raccoon dogs,
foxes, and minks. Antiviral Res 2015;122:1–11.

86. Bieringer M, Han JW, Kendl S, Khosravi M, Plattet P et al.

Experimental adaptation of wild-type canine distemper virus

(CDV) to the human entry receptor CD150. PLoS One 2013;8:

e57488.

87. Drexler JF, Corman VM, Müller MA, Maganga GD, Vallo P et al.

Bats host major mammalian paramyxoviruses. Nat Commun 2012;
3:796.

88. Sharp CR, Nambulli S, Acciardo AS, Rennick LJ, Drexler JF et al.

Chronic infection of domestic cats with feline Morbillivirus, United
States. Emerg Infect Dis 2016;22:760–762.

Baron et al., Journal of General Virology 2017;98:2635–2644

2644

Five reasons to publish your next article with a Microbiology Society journal

1. The Microbiology Society is a not-for-profit organization.

2. We offer fast and rigorous peer review – average time to first decision is 4–6 weeks.

3. Our journals have a global readership with subscriptions held in research institutions around
the world.

4. 80% of our authors rate our submission process as ‘excellent’ or ‘very good’.

5. Your article will be published on an interactive journal platform with advanced metrics.

Find out more and submit your article at microbiologyresearch.org.

http://www.microbiologyresearch.org

