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Emiliana Brocchi
OIE/FAO/National Reference Laboratory for FMD — IZSLER, Brescia - Italy
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OUTLINE OF THE PRESENTATION e
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» Global distribution of FMD

» The International Context (Global strategy for FMD control)
» Progressive approach for the control of FMD (PCP)

» FMD-PCP: focus on stages 1-3

» Principles and scopes of FMD surveillance

» Interpretation of surveillance results and follow-up of positives

Spécificités pour la surveillance de la fievre aphteuse dans la



OIE Member Countries' official FMD status map

Member Countries and zones recognised as free
from FMD without vaccination

Member Countries and zones recognised as free
from FMD with vaccination

Last update January 2017 ) __ _ _
Click on a specific region to zoom in

© OIE 2017

| E Countries and zones without an OIE official status for FMD

- Containment zone within a FMD free zone without vaccination

- Suspension of FMD free status wthout vaccination
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FMD: Conjectured global status = ==
/ endemic pools of FMD viruses

M Endemic
Sporadic

W Free with vaccination

M Free without vaccination

{Hnknowe..

ntries and zarjes without an official OIE status is not fully shown

Pool 4
O, A, SAT 1-2-3

! _ - E Km

e "~ o .
Pool 2 ' o
{ \O,A,Asia 1 b AR\ SR N

1,700 850 0 1,700 3,400 5100 6,800

v No outbreaks due to serotype C since 2004 (>12 years)
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% Visualization of FMD by Regional Virus Rfols..

Pool 1

0, A, Asia 1

Pool 2
Pool 4 0, A, Asia 1
A, 0,SAT1,2,3
Pool 6
SAT 1,2, 3

* Divides the Globe into 7 virus pools, each with

 Multiple serotypes but topotypes mainly confined to
that pool

* Each pool may need tailored vaccines, diagnostics
and control strategies
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% Global FMD control strategy oo

THE GLOBAL FOOT AND MOUTH
DISEASE CONTROL STRATEGY

STRENGTHENING ANIMAL HEALTH SYSTEMS THROUGH
MPROVED CONTROL OF MAJOR DISEASES

BANGKOK, THAILAND 27-29 JUNE 2012

@ Oe

FAO/OIE Global Conference on
Foot-and-Mouth Disease control

T ——
—© Three Components
1. Improving global FMD control
Main tool - Progressive Control Pathway (FMD-PCP)
2. Strengthening Veterinary Services
Main tool - OIE Performance of Veterinary Services
(PVS) Evaluation tool
oie 3. Improving the prevention and control of other

major diseases of livestock

Spécificités pour la surveillance de la fievre aphteuse dans la région — OIE Tunis 14-16 mars 2012k BrocChie



Progressive Control Pathway (PCP)

» Developed to assist endemic
countries to  progressively
reduce the impact of FMD and
increase the level of FMD
control

» 6 stages (0 to 5: from endemic
toward free status)

» In each  Stage, specific
outcomes need to be completed
to progress to the next stage

eofird

european commission for the
control of foot-and-mouth disease

0e 6

The Progressive Control Pathway for
Foot and Mouth Disease (PCP-FMD)

Zone exempte de
fievre aphteuse
sans vaccination

Supprimer durablement
la circulation du virus et

les incursions; mettre un
< terme aux vaccinations Le statut officiel de
S “zone exempte de
Supprimer fievre aphteuse SANS
durablement la vaccination” est
sollicité auprés de U'OIE

circulation du virus
et les incursions DE4AS

Le statut officiel de "zone
exempte de fiévre aphteuse
AVEC vaccination” est
sollicité auprés de l'OIE

Mener une stratégie
de lutte visant a
enrayer la circulation

du virus | DE3A4 N
Ab e de fievre apht QAQ?Q\)Q
endémique parmi les < (9\
- animaux d'élevage G)QQ' vyé
DE2A3 Q,QQ’ 0\\‘9&
Une stratégie offensive \\ é\ Q,é
_ d'élimination de la P ST
:telc:sn:::iol;ss':rsiques fievre aphteuse est ‘QS"%(S" &é
T s s mise en application QQ'QQ\yQQ«
Un plan de lutte contre N4 Q,é fe)
Le risque de fievre la fiévre aphteuse QQ/ \é& é’)
aphteuse n'est pas fondé sur les risques (,,\3 Q‘ \)'
maitrisé. Absence est mis en ceuvre QQ/ QQ’ (;Q’
de données fiables DEOA1 A2
Une étude approfondie 0‘9 §o ‘90
sur l'épidémiologie de v Q.Q *Q,
la fiévre aphteuse est " @Q @
prévue 27 QY&




FMDV distribution by serotypes for POOI5
West Central Africa

7 ’ QuIUEL Mer Nor
e Italie i
0 Ay Barcglone ©Rome Bulgarie—
Portugal Madrid )) o
e ® Mer Istanbul
Tymhénienne

Espagne Gréce Turquie

| O/ME-SA/Ind 2001 s

iterranée " Liban
7

Iran H,J

Isragél’

\Z/Jbrdanie
J/ ! Pakis
Egypte Golfe Persigue /j {
Sahara \' Emiratsl; L
occidental Arabie \arabes unis 5
= LaMecque saoudite —
...... dé_»
Mer Rouge Oman
0O-A-SAT2 =
;'/ = -\/
(Erythrée Yémen
o Djibouti Golfe d'Aden Mer d'Arabie
Ethiopie
République
SAT1-SAT2 X Camerogn centrafricaine
K ) Somalie
0 d
O-SAT2 4990% Kenya
0-5AT1 AT Nairobi
Y€ pirundi
O-A-SAT1-SAT2 )
Tanzanie 4

Dar es Salam

Angola FT’M\E f"""’/

Zambie' Malawi
— =\

Based on reports to OIE 2012-2016
Probable multiple topotypes within serotypes in FMDV pool 5
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FMD-PCP — PROGRESS FROM STAGE 0 TQ*S'[AQ;;%

Etape 1

Recenser les
risques et les

'——":-""—‘
——
p———

S -

options en
matiere de lutte

Etape O

Absence de
données fiables

DE ETAPE 0 A ETAPE 1

Une etude approfondie sur
I’epidemiologie de la FA é prevue

Le risk de FA n’est
pas maitrisé

ACTIVITE LABORATOIRE TOOLS

Surveillance clinique de la FA Ag-ELISA & LFD

Pays serosurvey (niveau de circulation du virus) NSP - Ab ELISA

Lien avec un laboratoire international devrait étre maintenu - envoi d'échantillons
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Ag-ELISA kit for FMD diagnosis

VIRUS DETECTION AND TYPING IN 2.5 HOURS — VESICULAR EPITHELIUM

VESICULAR FLUID, SALIVA
Pan-FMDV detector Ab

FMD Virus (Ag) (sample to test)
Battery of type-specific catching Ab

B "I

7 - o
'i,l( %u&l O"r |‘l
f ( v‘%}/ }rx’r\

! ;‘f-_'-,’ %( A >

v/ Stable, robust, fast, simple (only two reagents to handle)
v All inclusive and ready-to-use kit
v’ Used in Africa, Asia, Middle East

Spécificités pour la surveillance de la fievre aphteuse dans la région — OIE Tunis 14-16 mars 2017 — E. Brocchi



Delivery of IZSLER diagnostic kits =5 .

-
kw-"/:/w““:“ I'/"“" /
S, s

Global distribution of FMD diagnostic kits (Ag e Ab detection)

BOEYR R

Availability of simple diagnostic tools in several endemic countries created
laboratory capacity and enabled FMD diagnosis for the first time




v Simple
v Robust
v’ Stable
v" Fast (15 min)

v Pan-FMD diagnosis (Monoclonal Antibody cross-reactive with 7 sierotypes)

v" Sensitivity similar to ELISA tests (about 80%)
Reliable for diagnosis of clinical cases (epithelium, vesicular fluid, saliva)
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gZ_S Test for serosurvey suited to enter in Stage 1=

Antibodies to Non Structural Proteins (NSP) ‘ﬁ% N
only in infected animals § 0 &

common to all 7 serotypes
O/A/C/Asial/SAT1/SAT2/SAT3 ‘}_
O —
NSP test = A unique assay for all FMD virus types O
DIVA test - differentiation vaccinated-infected

ELISA kits commercially available ﬁ

5’ 3/
\
L | vea | vP2 | VP3 | VPl | 2A [ 2B | 2C 3A [ 3B [3c |3D \]b\/LPonA
\ A )

1 1

Structural Proteins Non Structural Proteins
Virus capsid Replication functions




Progressive Control Pathway (PCP)

wemion | Objectif de I'Etape 1:
"Bien comprendre

CCCCC

Apply for official

mwoe | @pidémiologie de la FA
3 ... dans le pays et mettre
sl Wit acinaton au point une approche

) fondée sur le risque en
vue d'atténuer I'impact

strategy to
Identify risk and eliminate FMD

control options FRoMVV‘l 5 d e I a m a | a d i e”

Risk-based FMD
control plan

incursions FROM4to 5
Apply for official

FROMOto 1
Comprehensive
study of FMD
epidemiology
planned

Evaluation des risques

Objective Assessment of Progress of PCP for FMD



Progressive Control Pathway (PCP)

Stage 1 : Gain understanding of epidemiology and develop risk-
based approach to reduce FMD impact

Understand Epidemiology
» Composition and distribution of FMID-susceptible species
v’ Livestock
v Wildlife HOST
ENVIRONMENT
> Laboratory data AGENT »Husbandry systems
v' Prevalence » Movements & marketing
v' Circulating viral strains > Socio-economic impact
v' Spatial distribution »Strength of veterinary services




AND TO PROGRESS TO STAGE 2 e

Etape 1

Recenser les
risques et les

options en matiere
de lutte

DE ETAPE 1 A ETAPE 2

Un plan stratégique de lutte contre la fiévre aphteuse
ayant pour objectif de réduire les effets la FA dans au
moins une zone ou un secteur d'élevage est mis au point
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Progressive Control Pathway (PCP)

weanaion | Objectif de I'étape 2:
"Mettre en oeuvre des
weon o mesures de  lutte
; =..  fondées surles risques
=) - <~ afin  de  reéduire
P, 'impact de la fiévre
aphteuse sur un ou

strategy to
Identify risk and eliminate FMD

control options FBOMH;Z pI u Sie u rS Secte u rS
control plan d'élevage et/ou une
o ou plusieurs zones”

epidemiology
planned

circulati

incursions

FROM4to5

Gestion des risques au niveau du secteur

Objective Assessment of Progress of PCP for FMD



Progressive Control Pathway (PCP)

Risk management
FMD control

Biosecurity

Vaccination measures

Animal
movement Quarantine
restriction

Objective Assessment of Progress of PCP for FMD



LABORATORY TESTS AT STAGE 2 s

VIRUS DETECTION
LFD

PCR

FMDV antigen detection and serotyping ELISA K b

ANTIBODIES DETECTION

Antibodies to SP — type-specific (relatively)
Seven different assays, one for each FMD virus type

o A C Asial SAT1 SAT2 SAT3

I AL LT

A A A A A A

Antibodies to NSP — common to all 7 serotypes
O/A/C/Asial/SAT1/SAT2/SAT3
NSP tests = A unique assay for all FMD virus types

1

PCRCycle
con ——

O-BFS Pos Con NTC
SATA SAT-2 ——SAT-3

SP-ELISA
Vaccination monitoring

NSP-ELISA
(DIVA, differentiation infected/vaccintated)

Spécificités pour la surveillance de la fievre aphteuse dans Iq ‘région_h—‘_' OIE Tunis 14-16 mars 2




AND TO PROGRESS TO STAGE 3 I

Etape 3

Mener une strategie
du lutte visant a

enrayer la circulation
de virus

DE ETAPE 2 A ETAPE 3

Une stratégie de lutte révisée, plus offensive, ayant pour
but d'éliminer la FA dans au moins une zone du pays, a
éteé élaborée
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Progressive Control Pathway (PCP)

weanaton | Objectif de I'etape 3:
"Réduction progressive

circulation &

incufsiops; withdraw Avoly for official /

rnvioratca. J@S POUSSEES
Maintain zero 'free. WIJH?UT V4 . V4 . .
et épidémiques puis

incursions FROM4to 5
Apply for official

status(OIEl:'lree’ élimination de |a

WITH vaccination

Implement control
strategy to
eliminate circulation

// i P circulation du virus de la
FA parmi les animaux

Develop aggressive

Identify risk and 2 :::::i:ga{et;MD d O m e St i q u e S d a n S a u

control options

FROM 1to 2 M 1
Risk-based FuD moins une zone du pays".
FMD risk not control plan

controlled.

No reliable

information FROMOto1
Comprehensive
study of FMD
epidemiology
planned

Gestion des risques au niveau de la population

Objective Assessment of Progress of PCP for FMD



% Links between PCP-FMD and OIE health status __‘m'—,id’/.—:;

Free without
vaccination
A
Maintain zero
circulation &
incursions; withdraw -
vaccination Apply f;’;];?'c'al
status : . °
» ‘tree WITHOUT Status officiel
aintain zero ination’
circulation & mecn de I'OI E
incursions FROM4to 5
Apply for official
st  controt status (OIE): ‘free
o U WITH vaccination’ v
strategy to
eliminate circulation FROM 3 to 4
No endemic FMD in
domestic livestock or one. »
Stage 3: Possibilité de
FROM 2to 3 A
Deve[op aggressive dem ander a I OIE
stf'at.egy to ’
Identify risk and o eliminate FMD d’approuver un
control options =
| FROM1to2 {
< W programme nationale
FMD risk not control plan
Serdimin ¢ lutte contre la FA
No reliable

information FROMOto1
Comprehensive
study of FMD
epidemiology

o Progresser a |I'étape 4 implique l'intention d'éradiquer
le virus de la FA des animaux domestiques
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Progressive Control Pathway (PCP)

weanation | Objectif de I'etape 4:
"Maintenir une

circulation &

e s "tolérance zéro" de la
::;z::itli'\ozne;o vaccination’ FA d a n S I a Z O n e/l e p a yS

incursions FROM4to 5
Apply for official

stus (01E): Tree concerné et obtenir a

WITH vaccination

// S oy IO terme la
reconnaissance par

FROM 2to 3
Develop aggressive

Identify risk and 2 :::::i:ga{et;MD I l O I E d u St a t u t d e

control options

Implement control
strategy to
eliminate circulation

Richsad D "zone exempte de FA

] [ ] I I
No reliable t
information FROMOto 1 aVeC Va CCIna Ion
Comprehensive
study of FMD
epidemiology
planned

Supprimer durablement la circulation de virus et les incursions

Objective Assessment of Progress of PCP for FMD



Progressive Control Pathway (PCP)

reevithont | Qpjectif de I'etape 5:

vaccination

Maintenir une

circulation &

ceation wweme 'incidence zéro" de la
:‘i:éz::it?o;e;o vaccination’ FA d a n S I a Z O n e/l e p a yS

incursions FROM4to 5
Apply for official

ot (1) e et obtenir a terme la

WITH vaccination’

// s o reconnaissance par
I'OIE du statut de "zone

FROM 2to 3
Develop aggressive

Identify risk and ; :::::i:ga¥ett::MD e Xe m pte d e FA S a n S
| Risk-based FMD vaccination"

FMD risk not control plan
controlled.

No reliable
information FROMOto1

Comprehensive
study of FMD
epidemiology
planned

Implement control
strategy to
eliminate circulation

Les prescriptions de I'OIE sont remplies et une demande est soumise a I'OIE

en vue d'obtenir le statut de «zone exempte de FA sans vaccination»

Objective Assessment of Progress of PCP for FMD



% The key principles of PCP-FMD ol

To summarize:

» For countries with endemic FMD

» FMD control is applied in achievable steps

» NON-prescriptive approach

» Uses Risk Analysis principles to prioritize risks that are

considered most important (risk hotspots) and to promote
control activities

» Make optimal use of limited resources for FMD control

» Ongoing monitoring and evaluation of activities (progressive
increase in surveillance requirements)
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%] FMD-PCP e

Principes directeurs, description des Etapes et conditions a remplir
disponible sur le site Web de ’'EUFMD

http://www.fao.org/ag/againfo/commissions/eufmd/commissions/eufmd-home/progressive-control-pathway-pcp/en/

Agriculture and Consumer Protecton Cepartment FOOD AND AGRICULTURE ORGANIZATION @\\
2 z T OF THE UNITED NATIONS 40
Animal Production and Health Division Rodicbmiobyinartl S
L. &X espaldol frangais pyconit

HOME  THEMES  PROGRAMMES/PROJECTS T RESOURCES

COMMISSIONS
The European Commussion ’
for the control of Foot-and-
Mouth disease
About EUFMD e 203

Develop agg

The disease
Progressive Control to eliminate FMD from
Pathway (PCP) at least a zone of the country

Upcoming events

inPRESSIVel PROGRESSIVE CONTROL PATHWAY
T FOR FOOT-AND-MOUTH DISEASE
Situstion Reports Progressive Control Pathway (PCP) CONTROL (PC P_FMD)
Newsletters

The Progressive Control Pathway (PCP) is the approach
Reports developed by an FAO team for classdying country progress in
FMD risk management. In this approach there are criteria for
descnibing the FMD risk management position of countries that are
‘-cz] not-free of FMD. It has lead to a tool that can be applied to
measure (and communecate) country progress within regional

Procip 25, 27238 @237 27595 dnd slarlasds

roadmaps, and 3ims at starting countries along a pathway of

7

[ \\w//
activities from g nsk to risk coverning the ] v/
stages before they could apply for recognition of disease [pyccxinn] (RX ] A .= ras / \
freedom. " e -~
The Progressive Control Pathway that diff in The P

ggregsive Control
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= ’,‘
ZS Guide to surveillance - OIE Code Art. 8,840 — 8,842 =~

Principles and scopes of FMD surveillance

1. Early detection
v" Clinical surveillance
v’ Laboratory support for confirmation of suspected cases

2. Demonstration of freedom

Continuing programme

Epidemiological context and history

Freedom without vaccination = surveillance to demonstrate no evidence of infection
Freedom with vaccination = surveillance to demonstrate no transmission

NN X XX

Target animals subpopulation (age, species, vaccination status, ...)

OIE endorsed official control programme
Surveillance strategies (randomised or targeted)
Follow-up suspected cases and results interpretation
Demonstration of population immunity

o Uk W

SURVEILLANCE : clinical, virological, serological

Spécificités pour la surveillance de la fievre aphteuse dans la région — Ol



Applications of serology in FMB.

v" Investigate suspect cases
(during outbreaks/epidemics)

v Quantify prevalence of infection
v Monitor viral circulation

v’ Post-Vaccination Monitoring (PVM)

* Vaccinal coverage
* Population immunity
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Zg; Use of serology for definition of “FMD status”

Susceptible Population

NON VACCINATED VACCINATED
SP- ELISA | SP-ELISA .
for vaccine immunity
or NSP-ELISA NSP-ELISA
NEGATIVES
END = FMD-free
Infection
POSITIVES Vaccination

Maternal antibodies
False-positive

Follow-up testing

Confirmatory serological assays
Virological assays (probang for carriers, subclinical infect.)
Further sampling & epidemiological interpretation
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EMD — SEROLOGICAL DIAGNOSE St

v Virus and viral products are accessible
only for short periods

v Antibodies persist for months or years

1,1

Serology may provide answers to diverse
epidemiological needs

Therefore, control of FMD depends largely
upon assessment of antibodies
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FMD Virus and humoral response Lo

Structural Proteins = SP
(virus capsid)

Antibodies anti-SP

Non Structural Proteins = NSP
(virus replication function)

Antibodies anti-NSP

L [ VP4 | VP2 | VP3 | VP1 | 2A

2B 2C 3A

W,
(09)

3C | 3D %fLPonA

\ J\

I

5 UTR )
Structural Proteins

Y
) 3'U
Non Structural Proteins
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Humoral response in
FMDV infected anlmals Virus production

‘ and excretlon
‘ *#

‘ Antlbodles
. elicited

FMD virus replication

Production of both
Structural Proteins (SP) %
Non Structural Proteins (NSP)

anti-NSP anti-SP



Humoral response in
FMDV vaccinated animals

'e 10' FMDYV vaccines: . Antibodies _

A -.%:_g Inactivated virus elicited only against

b 4 1‘1 M Structural Proteins (SP)
) ) Se—

No replication of FMD virus —
No production of NSP
Immune system exposed to Structural Proteins (SP)



Serological assays
Immune status  pp, anti-sP Ab anti-NSP

mfected +
B
vaccinated
.4 !g‘ =

J




SEROLOGICAL TESTS Rl

Antibodies to SP — type-specific (relatively)
Seven different assays, one for each FMD virus type

(0 A C Asial SAT1 SAT2 SAT3

I AL LT

A A A A A

Antibodies to NSP —» common to all 7 serotypes
O/A/C/Asial/SAT1/SAT2/SAT3
NSP tests = A unique assay for all FMD virus types




Portfolio of ready-to-use diagnostic kits (EI_.I,_:SZ&%
produced at IZSLER

VIRUS detection ANTIBODY detection
FMDV ANTIGEN DETECTION SOLID-PHASE COMPETITIVE ELISA
ELISA and SEROTYPING OF (SPCE) FOR ANTIBODIES SPECIFIC TO
FMDV O, A, ASIA 1, C, SAT1 FMDV SEROTYPE O

and SAT2

SOLID-PHASE COMPETITIVE ELISA
(SPCE) FOR ANTIBODIES SPECIFIC TO
Pan-FMDV detector MAb FMDV SEROTYPE A

Virus (Ag) FMDV SOLID-PHASE COMPETITIVE ELISA
Battery type-specific MAbs (SPCE) FOR ANTIBODIES SPECIFIC TO
FMDV SEROTYPE Asia 1

SOLID-PHASE COMPETITIVE ELISA
(SPCE) FOR ANTIBODIES SPECIFIC TO
FMDV SEROTYPE SAT 2

SOLID-PHASE COMPETITIVE ELISA
(SPCE) FOR ANTIBODIES SPECIFIC TO
FMDV SEROTYPE SAT 1

DIVA TEST
FMDV 3ABC-TRAPPING INDIRECT ELISA
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TRAINING at IZSLER - Laboratory Diagnosis

"—_:'T:"
T ———— -

November 2009: Iran, Arm, Azerb, Georgia December 2008: Pak, Afgh, China




Delivery of IZSLER diagnostic kits =5 .

-
kw-"/:/w““:“ I'/"“" /
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Global distribution of FMD diagnostic kits (Ag e Ab detection)

BOEYR R

Availability of simple diagnostic tools in several endemic countries created
laboratory capacity and enabled FMD diagnosis for the first time




