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In this context:

Molecular epidemiology

Using virus genetic data to investigate
epidemiological links between infected region and
disease transmission pathways

Mainly through phylogenetic analyses

Guidelines available to all through a sharepoint

_Molecular epidemiology in the context of episystem approach

_|:E:(—7 Figure: Cesaro efal , 2010
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General vision for the use of molecular epidemiology to identify episystems
—
Targeted sampling and sequencing to support - —
analyses performed using animal mobility and ;IZ'_
epidemiological data ——
Confirming / completing episystem identified with _|:E|___T — 2010
other data OR point towards unknown episystem U
Using homogenized practices to facilitate data sharing |
and analyses —l- :
Sharing data through publicly available platform y

Understanding the limitation of the phylogenetic

ipnona © ey, Médina Gounass
analyses performed RO e sy o) e
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our genetic lineages (LI-LIV)

IV most widely distributed, only one found in Asia and
Middle East

* |dentification of geographically-defined sub-lineages

* Some events of long-distance PPRV movement across
regions

PPRYV genetic lineages
detected after 2013

Lineage I
Lineage II

Lineage III
Lineage IV

China, Mongolia, and Central Asia Episystem workshop for PPR eradication
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S/arh'pli'hg collection strategy

A

| Need personal trained in taking appropriate
samples for PCR and PPRV sequencing analyses

Laboratory analyses should be done in
capacitated laboratories (e.g. National ref lab)

Standard protocols and guidelines available

{ . WOAH

Reference Laboratory
Network for PPR

0

About Activities Materials and protocols Vaccines Expertise resources News

o Materials and protocols Standard Operating Procedures

REFERENCE MATERIAL .
Standard Operating Procedures
e

You can find here the Standard Operating Procedures (SOPs) for sampling and

STANDARD OPERATING storage, PPR diagnostic methods, virus isolation and fitration used by the WOAH
PROCEDURES international laboratories for PPR

SELECTED PUBLICATIONS  vou can find below the Standard Operating Procedures {SOPs) for sampling and storage, PPR

diagnestic methods, virus isolation and titration used by the WOAH international laberatories for
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Sequencing strategy
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PPRV genome length = 15,948- 15,954 nucleotides

Phosphoprotein (P)

Different sequencing approaches can be chosen depending
on the epidemiological question and the financial and technical
resources available

Nucleocapsid (N)

Main factor: ‘resolution’ for distinguishing the genetic
relationships between different sampled sequences

With full genome providing highest genetic information NP3/NP4
) N gene l—l—\ :

° N-Core N-Tail [}
Globular/80% conserved Tail/Hypervarigble
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Sequencing strategy
Partial N gene (typically 255bp)
 Based on most used, conventional RT-PCR

* Largest dataset available publicly

* Phylogenetic analyses sufficient to identify genetic lineage
and some genetic clusters regrouping strains within a
lineage

* Can provide first view on the level of PPRV diversity or on
connections across regions/hubs

« But some ambiguity in phylogenetic relationships between
strains will remain

Main important tool to support episystem identification
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NP3/NP4

N gene l_l_\

5', N-Core T N-Tail P-3'

Globular/80% conserved Tail/Hypervariable
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Sequencmg strategy

Partlal N gene (typically 255bp)
Suggested procedure:

1. Use curated dataset of unique N gene sequences available
on website of WOAH network of PPR ref labs

2. Create a custom dataset with all sequences from region
targeted and 1-5 sequences from other regions across
lineages

3. Based on first phylogenetic tree, remove or add
sequences until most informative tree obtained

If new sequence obtained is identical to a sequence already
published, keep in the analysis if date and/or location is
different

News  Sitemap | seorcn |

Reference Laboratory
Network for PPR

Materials and protocols Vaccines Expertise resources News

The WOAH PPR Reference Laboratory Network, officially launched by the WOAH in December 2020, aims at building strong partnerships between
the WOAH Reference Laboratories and national reference laboratories throughout the world, improving links between recognised experts from
liong rence lobc ries and from PPR diggnostic laboratories in low- and middle-income countries_in addition to the current three WOAH

Reference Laboratory
Network for PPR

About Activities Materials and protocols Vaccines Expertise resources News

& Materials and protocols PPRV sequence datasets

REFERENCE MATERIAL
PPRYV sequence datasets

PPRV SEQUENCE

DATASETS
We propose a convention to other scientists working on PPRY in a new PPR

STANDARD OPERATING sequence data curation document and provide PPRV sequence datasets which have

PROCEDURES been filtered for quality and duplication

SELECTED PUBLICATIONS

Sequence names

here is no standard way to name PPRY isolates, and this leads to almost every lab naming their
ifferer Inore in equ
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~Partial N gene (typically 255bp) — example
s Diversity of PPRV in Nigeria, studied by sampling in markets

« sequence was obtained from 99 positive samples. A total of 33 unique
sequences were identified and used in phylogenetic analysis (Maximum

likelihood)
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'Sﬂequencing strategy

Partial N gene (typically 255bp) — example

e Diversity of PPRV in Nigeria, studied by sampling in markets

&

« sequence was obtained from 99 positive samples. A total of 33 unique
sequences were identified and used in phylogenetic analysis (Maximum

amawa
L]
Legend

LIV

» Clusters with sequences from states surkins
all across Nigeria, separated by
hundreds of kilometers

VA

« Connection with neighbouring

countries
» Extensive circulation, need S\ ox inenge
vaccination strategy based on - "“x'?i'“’ /
animal movement Cameroon o NoNiges
® [V-NigB4

¥ IV-NigB5

® Other IV-NigB = -
W Other lineage IV \
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Séquencing strategy

Sequencing a genome region with higher resolution
 Based on one or two PCR (not NGS)

« can provide almost the same level of phylogenetic resolution
as full PPRV genome sequences

« answer questions related to episystems which may not be
possible to address using partial N gene sequence data

Two regions of interest (using published long fragment PCRS):
Region 3451-4250 [+ 6951-7750]
Region 6100-7500 (good for East Asia cluster)

Can be a solution when partial N gene not enough and full
genome sequencing not possible

Phosphoprotein (P)

Nucleocapsid (N)
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Sequéncing strategy

- Sequencing a genome region with higher resolution — example

N and F gene sequencing and compare with animal network
data in Senegal

EE-BISSAU .

=N

Market importance Type

@3) Il Transboundary [] Intermediary

Flow importance I Local I Consumption
I — m— B Regional hub

China, Mongolia, and Central Asia Episystem workshop for PPR eradication 1-3 April 2025, Ulaanbaatar, Mongolia




Sequencing strategy

Sequencing a genome region with higher resolution — example

N and F gene sequencing and compare with animal network
data in Senegal

Good fit between genetic data
and animal trade data
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Seqhehcing strategy

- Sequencing a genome region with higher resolution — example

N and F gene sequencing and compare with animal network

data in Senegal

Good fit between genetic data

and animal trade data

Confirmation of entry points
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| Sequencmg strategy

2 | Sequencmg a genome region with higher resolution — example

N and F gene sequencing and compare with animal network
data in Senegal

Good fit between genetic data
and animal trade data

Identical sequences showing
long distance movements
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Sequencmg strategy

(N

</ ~ Sequencing a genome region with higher resolution — example
N and F gene sequencing and compare with animal network |
data in Senegal ——
Figure! Cesaro ef'a/., 2010
" /MAURlITANl[ 2 " o L —
Good fit between genetic data / | —
and animal trade data . n 8 —
But not always L
(transhumance movement??)
Clud
Market importance Type i i
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~ Full genome sequencing

On targeted samples, based on results from partial N gene
sequencing

* Poorly represented clusters
» Strains from wildlife or atypical hosts

LIV

Based on next generation sequencing protocol

Support of the WOAH reference laboratories or the joint
FAO/IAEA Joint Centre possible
LI

Need careful check of sequencing results

Some small portions of genome often missing but not an
iIssue

LI
LIl
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Full genome sequencing - example
PPR emergence in Europe

Partial N gene sequence identical for emergence in Greece,
Romania, Bulgaria, Hungary

Linked to LIV North Africa

Limited power of analysis

MG882505/Saudi Arabia/Hail'CP1109/2017
63 = MNB13965/Palestine/West Bank/5/2018
KX781306/Turkey/Aksaray/2016
MK732927 Turkey/Bilecik/2018
MNB57232/Turkey/Central Anatoka/2018
JQ388616/Turkey/Adana/2011

I KU987612/Turkey/Nigde/1553/2015

P KF478925/Turkey/Aksaray/2011

p—— LT882727/Iraq/Erbil’V89/2011

p—— MFB678816/Israel/JerusalemV1008/Capra nubiana/2017
p——— MK408669\raqBarzan/2011

p—— JX898847lran/Tabriz/1/2010

—— UX117878Turkey/Edirne/2011

~—— OL310704/IsraelUmm-Al-Fahm/2014

—— @ LWV Asia

2 OR286504/India/Calcutta/ 1995
2 O LIV West Africa
n { OL741725/Morocco/CIRAD/2008
KY885100/Algena/Cheraga/S15/2015
—t PPRV/Greece/Thessalis/ADIS1-5/2024 |
— MF737202/Georgia/Thiliss2016
— OP881991/Egypt/Marsa-Matrouh/1/2022

— MK371448/Sudan/Khartoum/2015

8 — JX398127/Entrea/May Harish/2011

— MG428038/Tunisia’Kasserine/2016

— MGT712794/Sudan/Kalhoot/3/2017

—— OL690338/Ethiopia/Reji’2/2020

{ ON110960/Ethiopia/Habruw/2014

69 = MK571528/Ethiopia/Debre Birhan/4/2017 |
M Lineage i

93

L——— A lineage |

«
= 4@ Lineage I

— LIV North/East Africa

— LIV
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| Sequencing strategy
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/ " Full genome sequencing - example

PPR emergence in Europe

AJB49636/Turkey/Sakarya2000
Complete genome for 1 sample from Greece, 2 samples | MeaoasestgBzanaont
. . . 1 MNSST232Turkey'CentraliAnatoia2018
from Romania, and 1 sample from Bulgaria; and partial L mn———
o <] isvae 19072014
genome (66%) from 1 sample from Hungary LT 2ot CRAD0S
—— KY885100/Aigeria/Cheraga’S152015
* Two sequences from same farm in Romania with some S
differences P S E————
KJBS7541/Ehopia/2010 Lineage IV
. . . . MF737202/GeorgiaThilisi2016 | North and East Afiica
* Most similar sequence published: Georgia/2016 (98.3% || v [
identity) | | ﬁ::iﬁf::::ﬂﬁ:ﬁ:ié}fﬁ;
‘ PPRV/Bulgaria elingrad2024
e Confirm grouping with Lineage IV sub-clade North-East | S—
Africa i
. . . . . . . | = 4 Lineage IV West Afnca
* Enough genetic diversity to inform epidemiological | . b
investigation concerning PPR transmission pathways | — e

« -
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Sequence naming standard

We propose a standard naming convention for PPRV
sequences submitted to public databases

PPRV/Location/Host/ Specimen(Sample)lD/Date

Location: at least country, better if down to regionand/or town

Host: especially important if atypical host

ID: important if multiple sequences from same location
Date: at least the year

Complete epidemiological data should accompany each
sequence as metadata at submission

PPRYV sequence datasets
PPRV SEQUENCE
DATASETS
We propose a convention to other scientists working on PPRV in a new PPR

News  Sitemap | seon R

_ Q >

25 _, WOAH
Reference Laboratory
Network for PPR

Activities Materials and protocols Vaccines Expertise resources News

The WOAH PPR Reference Laboratory Network, officially launched by the WOAH in December 2020, aims at building strong partnerships between
the WOAH Reference Laboratories and national reference laboratories throughout the world, improving links between recognised experts from
ional rence lo stories and from PPR diognostic laboratories in low- and middle.income countries in addition to the current three WOA

About Activities Materials and protocols Vaccines Expertise resources News

& Materials and protocols PPRV sequence datasets

REFERENCE MATERIAL

STANDARD OPERATING sequence data curation document and provide PPRV sequence datasets which have
PROCEDURES been filtered for quality and duplication.

SELECTED PUBLICATIONS Sequence names

is no standard way to name PPRY isokates, and this leads to almost every lab naming their
ifferent way. In order to he! g s v
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_P"hylogenetic analyses

Maximum Likelihood (ML) and/or Bayesian inference (Bl)
methods

Apply methods to evaluate statistical support on phylogeny

Support with partial N gene: usually low, but clusters with
support at 60-70% can be detected and usually relevant

Results of main importance for questions related to PPR
episystems:

|ldentifying sequences that are clustered together in the same
group

Identical genetic sequences in samples collected at different
times and locations but sharing

Sequences with unexpected position in the tree

r @ Mai And Sekou 2014

— @ Mai CP5 Kolordieba 2014

@ Mak AntD Samako 2014

@ Mal CP§ Kolondieba 2014

5"’41_{ ¥ Burkna Faso Bnded 2014 ]c1a
66485 Libena 2015 (KU236379)

- @ Mal And Samako 2014

I~ hory Coast 2008 (KR781451)

a/671 ¥ Burkina Faso Pbaore 2014
| Ghana 2010 (KJ576598)

- Benin 03 2011 (KT£92538)
ehs—l;meczon KMR12177) ]
@ Sengal SnDKS! Dakar 2013

Sensgal 2010 (HO131863)
L1 Mauritaniat 2012 (KF483658)
- Sierra Leone 2008 (JNG02080)

215
S2157 | @ Msusitanie 2709EC 2014

Ghana 2010 {KJE76509)

@ Mali An15 Tousseg 2014
—{ r.wlmez;am.mmm
77/75 @ Mat An14 Tousseg 2014

Niger Faimey 2001 (MGE94466)
47/78 L Niger Faimey 2001 (MGED44ET)
¥ Ghana Alta Bagbe 2014
Benin 10 2011 (KR781449)
¥ Ghana Wyomaah 2014 -
W Burkina Faso Binde3 2014 '
¥ Ghana Enyitsewdo 2014
- Nigeria 2012 (KF479427)
L— @ Ivsli 373 Bamako 1909
Nigeria 752 1875 (DQ840161)
Benn B1 1989 (KR7B1450)
Ghana 1976 (DQB40163)

83170

G396 | 48470

Ghana 1978 (DQE40166)

_| Central Aincan Replublic 2004 (HQ131860)

M @ Mai CP2 Kolondieba 2014
S ® Sanegal SnDK3TI Dakar 2013 &
T @ Mall A5 Diaiatara 2014

83 3_{— W Burkina Faso Zeguedaghin 20068 ilu

I

Burkina 1988 (DQB40172)
1000100 [ °

Nory Coast 1989 (EU67273)

[_Turil';'lm‘. (JO518358)
NMorocco 2008 (HQ131824) LV

CC] Incia 1984 (DQB40182)

I— Ethiopaa 1994 (DQB40175)

11);\'100]_{_— Tanzana 2013 (KF939644)
72184 = Sudan 1971 (HQ131918)

0.02

Gunea 1988 (DQSAD1ET)

]L.
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Conclusion

* Virus genetic analysis is key tool to investigate episystems

 Must be used as a support to other type of data (animal mobility, epidemiology) and targeted to
respond to specific questions about episystems

 Verysimple and cheap partial N gene sequencing is the main first tool, but additional sequencing may
be needed in specific contexts

* Guidelines are available to
* Collect and store samples for sequencing
*  Producing curated sequence dataset adapted to a region
* Sequencing naming and analysis
* Using molecular epidemiology to support episystem identification

* You are not alone! There is a community working on episystems, sharing experience and questions

China, Mongolia, and Central Asia Episystem workshop for PPR eradication 1-3 April 2025, Ulaanbaatar, Mongolia
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Thank You

Questions regarding PPRV sequencing Exchanges with PRP experts on
and analyses: episystems
contact-eurl-ppr@cirad.fr ppr-gren_episystem@cirad.fr
arnaud.bataille@cirad.fr
woah ppr ref lab network@cirad.fr Join the group!

Guidelines soon publicly available
Join the WOAH network of PPR labs: through share point
https://www.ppr-labs-oie-network.org/
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