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The disease: PRRS

* North America
— USA — 1987 (Keffaber, 1989)
— Mystery swine disease

e« Asia

Since 1993 in most of the swine
producmg countries
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— Blue ear disease

« South America
— Venezuela — 1996 (Dewey, 2000)




The virus: PRRSV

USA: VR-2332 (Collins et al. 1992)

The Netherlands: Lelystad virus (Wensvoort et al. 1991)

* ss RNA virus
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— Arterivirus genus PRRSV
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Early evidence for PRRSV
emergence

 North America
—— 1979 Canada (Carman et al _190R”) (antihodieg)

PRRSV was in pig population
several years before the
disease emerged

Philippines (Thanawongnuwech et al., 2003)

« Europe
— 1987 former East Germany (Ohlinger et al., 2000) (antibodies)



Two genotypes of PRRSV

Only 55-70% nucleotide identity in
different genes

European genotype (PRRSV-EU) -
emerged in Europe

— Mostly in Europe but also in America
and Asia

— Higher diversity in Europe and Asia
than in North America

American genotype (PRRSV-US) —
emerged in North America

— Mostly in America and Asia but also in
Europe

— Higher diversity in America and Asia
than in Europe

New terminology:
— genotype 1 = EU
— genotype 2 = US

PRRSV-EU

LDV

PRRSV-US
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The Genetic Diversity of European Type PRRSV Is Similar to That of the North American Type
but Is Geographically Skewed within Europe

Roald Forsherg,* Torben Storgaard, ' Henriette S. Nielsen,T Martin B. Oleksiewicz,t Paclo Cordioli,#
Giovanni Sala,# Jotun Hein,” and Anette Bgtnert

*Department of Ecology and Genetfcs, University of Aarhus, Denmark, tDanish Veterinary Institute for Virus Research, Lindholm, Denmark, and
tlstituto Zooprofilattico Sperimentale, Brescia, ltaly

Three major groups of European type
PRRSYV isolates:

1. Lelystad-like clade: Western Europe
including ltaly, Spain and Denmark

2. Purely Danish clade

3. A group of highly diverse ltalian-like

strains from ltaly, Spain, and Denmark.
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Identification of radically different variants of porcine
reproductive and respiratory syndrome virus in Eastern
Europe: towards a common ancestor for Eurocpean and
American viruses

T. Stadejek,’ A, Stankevicius,'t T. Storgaard,*t M. B. Oleksiewicz % 5. Belak ? T.W. Drew®
and Z. Pejsak’
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Hatarnary Laboraiories Agency (Wegbeidoe), Addlestone, Sumey KT15 3ME, Uk

Lithuanian sequences expanded the known diversity range of

European-type PRRSV:

+ PRRSV-EU diversity exceeds PRRSV-US diversity.

Unique sequence markers of Lithuanian strains:

 Lithuanian ORF7 was 378 nucleotides, intermediate between
prototypical EU-type (887 nucleotides) and US-type (372

nucleotides) ORF7 lengths.
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Fig. 2. Phylogenetic trees of ElU-type and most diverse of US-type PRRSV sequences. The large tree (A) depicts the
phylogenetic relationship of the ORFS sequences. The small tree (B) was based on the ORF7 sequences.
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PRRSV in Russian Federation

Definition of subtypes in the European genotype of
porcine reproductive and respiratory syndrome
virus: Nucleocapsid characteristics and
geographical distribution in Europe

Tomasz Stadejek, Martin B. Oleksiewicz, Alexei V. Scherbakov, Anna M.
Timina, Jonas S. Krabbe, Katarzyna Chabros, Denis Potapchuk

Archives of Virology in press




PRRSV in Russian Federation

57 sequences from 37 farms from 1996-2006, from EU part, Caucasus,
Urals, Siberia and Far East

Sow herds 15,000-120,000 heads
Majority used Russian replacement stock (a few DK, CAN, UK, EE, BY, PL)
Majority used Russian ML or inactivated vaccines (ARRIAH, NARVAC)




All strains were of European genotype

a \ Russian PRRSV belongs to multiple genetic
gubtypes (majority to subtype 1 and subtype

95 4

No geographical pattern

Some farms infected with mutliple subtypes
None of Russian isolates can be directly
linked to any of contemporary West

European, North American or Asian PRRSV-
EU subtype 1 strains

& (Subtype 1) * Arctic Ocean

Subtype 2




Summary on the diversity of
PRRSV-EU

PRRSV-EU consists of multiple genetic subtypes

»,classical” subtype 1 (includes all Western and Central
European isolates and ,Russian” subtype 1 variant(s)

subtype 2 (includes Lithuanian, Belarusian and Russian
isolates)

subtype 3 (includes Belarusian and a single Russian isolates)
subtype 4 (includes Belarusian and Latvian isolates)
and possibly others

ORF7 size appears to be a unique marker for PRRSV-
EU subtype






PRRSV-US genotype |

When?
~1880: emergence of

swine arterivirus
j (Forsberg, 2006)

LDV

Molecular clock data

analysis
~1957: emergence of Sublype2
PRRSV-EU Qﬁ o
(Forsberg et al., 2008 in
press) ~__ Subtype 3
Subtype 4 \

~1979: emergence of PRRSV-
EU subtype 1 in Central and
West Europe
Forsberg et al., 2001)

Subtype 1

PRRSV-EU genotype | '







Figure 16, Independent States of the Former Soviet Union




Zad-1BY'04

A very sharp geographical demarcation of
highly diverse EU genotype PRRSV is

Obu-1 BY'05

Subtype 4

fovias v observed along the eastern Polish border
(formerly the western border of Soviet
Union)
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Sno
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Ancestral populations are
expected to be more diverse Belarus
than descendant populations
Observed diversity pattern
supports hypothesis of PRRSV
emergence in former Soviet
Union

PRRSV strains were introduced
by pig movement and not by
emergence from some natural

100 km
host —



How?

 Pig production in Soviet Union/Russia

— Pig production dropped from 27.7 min pigs in 1928 to
4.4. min in 1946 due to WWII

— Restoration of pig production by import of breeding
stock from Western and Central Europe — return to
pre-WWII values in 1953

— Breeding programs to cross Western European and
local breeds

— Construction of very big industrial farms (100 000
sows) populated by Soviet made breeds in the 1970-
ies

— Mass import of gilts and breeding stock from Western
and Central Europe, North America since 2004



EAAP-ANIMAL GENETIC DATA
BANK

Welcome to the
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EUROPEAN ASSOCIATION FOR ANIMAL PRODUCTION
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at the

Department of Animal Breeding and Genetics

School of Veterinary Medicine Hannover
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email: Joern.Wrede (at) tiho-hannover.de , Fax: +49/511-953-8582
These web pages will be closed and will not be updated in the future.
The content was taken over by the EFABIS projekt.




Pig breeds in former Soviet Union

North Caucasus (est. 1955) — Large White
x Berkshire x Edelschwein x local Kuban

Urzhum (est. 1957) — Large White x local

Kemerovo (est. 1961) — Berkshire x Large
White x Large Black x Siberian Black Pied

Semirechensk (est. ?) — Large White x
Kemerovo x Asiatic Wild

Siberian (est. ?) — Large White x local
Siberian

Tsivilsk (est. ?) — Large White x local
Chuvash




Crossbreeding with local East European, Asian or Caucasian breeds and
construction of big pig farms created an environment allowing a new virus to
emerge, or an already emerged virus to spread

Figure 16. Independent States of the Former Soviet Union




How was PRRSV transmitted
to Western Europe?
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Pig
movements

Limited imports of breeding
stock from the West to the
East due to economical
reasons

Very limited export from the
East to the West due to
sanitary reasons

Often exchange of the
breeding material between
countries in the West and in
the East

If porcine arterivirus existed
in Soviet Union it could
spread in Easter block

COLD WAR
EURCPE




Germany reumflcatlon could p033|bly merge [
| two completely different pig populations &

li T onvon ¥ Herald ,....\

CSATURDAY [WA NOVEMBERIY W

BERLIN WALL -
TUMBLES What about pigs from East

and West Germany? 1949-1990

1990



Pigs in the former German Democratic Republic

General information:

International breed name: German Large White
Local breed name: Deutsches Edelschwein

Breed status: carried over by another breed
Group of similar breeds: Main group White breeds
with erect ears; Subgroup Large White / Yorkshire

descendants
Main location: Mecklenburg, Thiiringen, Sachsen-
Anhalt
Breed society: Zentralverband der Deutschen
Schweineproduktion e.V., Germany

~Origin and development:
Composite of Large White types: German Large
White (Germany), Large White (Russian
Federation), Large White (Hungary);
introgression since 1980 from Latvian White
(Latvia), Yorkshire (Hungary), Yorkshire
(Hungary)
Herdbook established: 1954

Pigs in Germany

General information:

International breed name: German Large White
Local breed name: Deutsches Edelschwein
Breed status: acknowleged

Group of similar breeds: Main group White breeds
with erect ears; Subgroup Large White /
Yorkshire descendants

Main location: country-wide

Breed society: Hannoversche
Erzeugergemeinschft fiir Zuchtschweine (HEZ),
Wilhelm-Seedorf-StraBe 1, D-29525 Uelzen,
Germany, Fax: +49-581-18563 , Internet:
http://www.hez-uelzen.de

rigin an evelopment:

composite of local landraces, Large White,
Middle White (United Kingdom),

German Large White (The Former German
Democratic Republic); introgression since 1980
from Groot Yorkshire (Netherlands),

Large White (United Kingdom), Yorkshire
(Scandinavia)

Herdbook established: 1904




Summary

Following evidence supports hypothesis of
Eastern European origin of PRRSV:

— Presence of PRRSV specific antibodies in East
Germany from 1987 (Ohlinger et al. 2000)

— Presence of PRRSV in Primorskiy Krai of former
Soviet Union (Far East Asia) in 1986 (Grebennikova
et al., 2005)

— Extremely high genetic diversity of PRRSV and
presence of phylogenetically oldest strains in
countries formerly being part of Soviet Union

— PRRSYV epidemic in West Germany that coincided
with Germany reunification



Consequences of PRRSV-EU
diversity
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PCR?

Very high nt diversity of
ORF7 affects diagnostic RT-
PCR primer binding sites

May influence sensitivity of
diagnostic RT-PCR assays

To be determined
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ELISA?

Very high aa diversity of ORF7 protein in East European
subtypes affects important antigenic regions
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Alignment of deduced ORF7 (nucleocapsid) protein sequences, Shaded boxes marked as A, B, C, D correspond to antigenic sites

defined by Meulenberg et al. (1998). Bold and underlined "SQR" indicates serine phosphorylation site (Wootton et al. 2002).



ORF7 sequence variability is associated with
antigenic differences: preliminary results
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The most dissimilar ORF5 sequences of PRRSV-
EU can share only ~75% identity!!!




What is the geographical distribution of
PRRSV-EU subtypes ?
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* 66 strains from 1991-2002

» There is no stringent correlation between date and
location of virus detection

« The phylogenetic analysis of 66 European PRRS
strains from 1991-2002 revealed a continuous
genetic drift

» More isolates like 24717 is expected to evolve in the et
future
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Diverse East European PRRSV strains are likely to

be present also in West Europe

Phylogenetic tree of ORF5 amino acid sequences including German
sequence 24717 from Pesch et al., 2005
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Summary

PRRSV-EU emerged in Eastern Europe or Central Asia
Spread likely linked to geopolitical factors

Most recent common ancestor for PRRSV-EU existed 23
— 44 years before the disease emerged

Diversity of PRRSV-EU is extremely high in comparison
to PRRSV-US

Sensitivity of current RT-PCR assays to divergent
PRRSV-EU not known: We may not have the complete
picture!

Currently available vaccines have moderate to good
efficacy against subtype 1 (West European) PRRSV but
their efficacy against diverse East European strains
needs examination
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