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Outline of the talk

1. The history of highly virulent PRRSV strains

2. Knowns and unknowns about highly virulent PRRSV strains

3. Chronology of Rosalia’s epidemics in Spain

4. Origin of other highly virulent strains and Rosalia strain

5. The impact of Rosalia on the affected farms and the Spanish pig

production
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6. Attempts to control the impact of the infection in the affected farms
7. Vaccination and Rosalia control

8. Lessons to be learnt from Rosalia epidemics




1. The history of highly virulent PRRSV strains
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Emergence of highly virulent PRRSV strains worldwide
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2. Knowns and unknowns about

highly virulent PRRSV strains
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4 )

Increased replication Approx. 100/1,000-fold higher viral load
capability
- / Classical Strains HP strains
31'_9 10 10,000,0000 10 10,000,0000
§ 13 1,000,000 1,000,000
% 17 100,000 100,000
.GE, 20 10,000 10,000
E’ 23 1,000 1,000
S 26 100 100
30 10 10
33 1
36 0

39 O




4 )
Enhanced

macrophage tropism

g J

Higher replication in nasal mucosa macrophages Higher replication in vascular macrophages
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Mucosa

Number of viral antigen positive
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propria epithelium

Lamina

Frydas et al., 2013; Frydas and Nauwynck, 2016; Han et al., 2023
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4 )
Nasal shedding
\ J
Nasal shedding in
challenged 9 weeks-old pigs (n=6)
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Nasal shedding in
naturally infected pigs (n=40)

Weeks of shedding
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Mateu et al., 2024. IPVS

Some pigs were still shedding virus 12
weeks after the onset of the infection
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Thymus involvement

CONTROL HP PRRS 28 DPC
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Autophagy

Depletion of T cells (apoptosis) (E)
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Wang et al., 2019
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’ Increased ]< a{ Enhanced

replication capability macrophage tropism

1 depletion of macrophages y :
|:|, > 1 Inflammatory signals Vet

1 Viral loads <):I :

1 Nasal shedding

1 Apoptosis of infected and
bystander cells

Strong inflammatory Involvement of the
responses thymus

1 Mortality
1 Weight loss
Longer recovery periods
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Higher fever
More severe pneumonia

Perivascular infiltrate in the lung TSegondary infections <: Depletion of T cells and APC
More severe placentitis? Impaired T-cell repertoire




3. Chronology of Rosalia’s epidemics in Spain

Q
(&)
c
(<b)
p .
[b)
Y
c
o]
(&)
i
(b)
>
[<b)
£
S
2]
()]
N
>




CONTEXT

Spanish pig census (2022) -
34 million pigs (23% EU)

EU pig census (2022) - 146 million pigs
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) Y Approx. 18 million pigs




Spanish pig census (2022) -
34 million pigs (23% EU)

Breeders Nurseries Fattening

(;;, 7\ - A‘ \ <‘ —
‘/f 7] N

1,000 farms 490 farms 8,000 farms

Average size
1,400 sows

PRRSV PREVALENCE- 50-70%

PRRSV-1
Initially Vaccination  Vaccination Vaccination
affected area 270% <15-20% <5%
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2. Cases restricted
to this area during
1st semester 2020

1. Index case:
probably
week 5/2020

. Spread to other
areas in 2020-21

4. Sporadic
reports in
other areas of

Od

5. Further westward
rread’in 2024
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At present, Rosalia’s progeny is predominant (>70%) in
new outbreaks in the Northeastern part of the country
and is spreading fastin other areas




5. Origin of other highly virulent strains and of Rosalia
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Highly pathogenic PRRSV in China 2006

First Chinese , _
isolates HB-2(sh)2002
Subgroup 2 /| Em2007 - Subgroup 3
CH-1a-like PRRSVs Intermediate PRRSVs
JA142-like ¢
NVSL97-7895 1A 14-2  :CH2002 | GRADUAL TRANSITION:
Ingelvac ATP % P129 | 3 ACCUMULATION OF
NVSL o7 Tees DELETIONS AND MUTATIONS
Prime Pac %

SP

LMY NM1 LN USyx HEB1

HPBEDV HN2007 JXA1
HUN4 Henan-1 GD2007 .
\ SHH BJsy06 JXwn06 HUB1

. . GD-EU625724 Jiangxi-3 XH-GD XL2008 GD
VR-2332-like emmzeasas —n . GS2008 HUB2 BJ TJ NX06 SY0608-’
' Pt “-.._SX2007 YN2008 LNSY-08-1 .-

PAS Subg;;" Yeu CG. TP ..---~ Highly Pathogenic
/ PRRSVO2VR-23R2 X , P PRRSV - 2007

PRRSV03 S$1 GS2004 : Highly pathogenic-PRRSVs

PRRSV01 RespPRRS/Repro MLV * - emerged in China since 2006

_ 0INP12 CC.1 GS2003
VR-2332-
or RespPRRS/Repro MLV- Like PRRSVs

0.02

MN184A

An et al. Origin of highly pathogenic porcine reproductive and respiratory syndrome
virus, China. Emerg Infect Dis. 2010 Feb;16(2):365-7. doi: 10.3201/eid1602.090005.
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PRRSV 1-4-4 L1C emerged in the Midwest during 2020 fall

and a second wave happened in 2021
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No. sequences
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FIGURE 1 | Epidemic curve of the Porcine Reproductive and Respiratory Syndrome Virus Lineage 1C variant associated with this outbreak by epidemiological week

amongst participants of the Morrison Swine Health Monitoring Project in the United States, January 2018 to May 2021.
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PRRSV 1-4-4 L1C in the USA is the result of several recombination
events within Lineage 1

A nsp2 | _ nsp9 . n (T
 nspl 3 7 . nsplo 12 ﬁ sy
(-~

-]

B 2020-21 novel L1C 1umriant (n-18)
/ H B — F_-_— ||
| ——
| 1C BL1C
I L 1.C
R TS iUnknown
T WUnknown 1C
2018 novel L1C variant (n-l)
o | | i . | ]
T______3Unknown “iUnknown
I L1C L1C o iUnknown e
I | 1.C I L1C

T WUnknown

Pamornchainavakul et al. (2022). Measuring How Recombination Re-shapes the Evolutionary History of
PRRSV-2: A Genome-Based Phylodynamic Analysis of the Emergence of a Novel PRRSV-2 Variant. Frontiers in
veterinary science, 9, 846904. https://doi.org/10.3389/fvets.2022.846904



Rosalia strain in Spain is the result of a recombination between some
strain of the Italian PR40 clade emerged in 2014 and local Spanish
strains

I First reported sequence (Martin-
Valls et al., 2022)

[ ] Derived from MF346695 (strain PR40/2014)
[1 Derived from local Spanish isolates clustering with KC862570
[ 1 Derived from isolates clustering with KY434184

] Segment of unknown origin
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5. The impact of Rosalia on the affected

farms and on °the Spanish pig production
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% aborted sows

% Stillbirths

A) Early outbreak (Winter-spring 2020). Example: PRRSV-1 stable farm (M2, 1,330 vaccinated shows)
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Average quarterly mortality Average daily weight gain between weaning

60,00% and 10 weeks of age
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B) Second Wave (Late 2020-Early 2021). Example: Stable vaccinated farm (M7, 1,200 sows)

zz Abortions (Rolling averaged) ** Fertile sow death (Rolling averaged)
50 Peak (raw): 35.4% ,5 Peak(raw): 7.9%
45 Average during outbreak: 11,1% < Average during outbreak: 3.7% (n.s.)
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% aborted sows

C) Rosalia’s Third Wave (spring-summer 2021). Example: Unstable unvaccinated farm
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Fertile sow death (Rolling averaged)
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Average during outbreak: 2,5%
Return to baseline: 39 weeks
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On average, -8%
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Average mortality

Average daily weight gain between weaning

60,00% and 10 weeks of age
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Stage 1

Early

outbreaks

Explosive onset

Extremely high
abortion rate

Relatively fast
return to baseline
(reprod)

Nurseries
remained affected
longer

Stage 2

Second
wave

Explosive onset

Very high
abortion rate

Slow return to
baseline

Nurseries
affected longer

Stage 3

Not that explosive
onset

High abortion rate
Relatively fast
return to baseline

(reprod.)

Nurseries
affected longer

Stage 4

e Apparently less
reproductive
impact

e High mortality
(>10%) in
nurseries
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Millions of pigs

59

58

57

56

55

54

53

52

51

50

49

Slaughtered pigs (millions)

Rosalia spread to the pig-

84 f Cataloni
B Slaughtered pigs (millions) ense area ot Catalonia
and Aragon
56,4 56,6
529 53,1
52,4
2018 2019 2020 2021 2022 2023

With 160,000 sows
more thanin 2019, the
number of slaughtered
pigs is similar to that
year, this means a
deficit of about 3.75
million pigs that are
mostly imported from
the Netherlands and
Germany



6. Attempts to control the impact of the

infection in the affected farms
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EMERGENCY
VACCINATION

Little effectivity
Apparently did not
contribute to
significantly reduce
the duration of the
outbreak in sows
Seldomused in
piglets

MANAGEMENT
CHANGES

MCREBEL

Slightly effective

Help to alleviate
mortality, particularly in
early age.

Stop moving animals,
the most important
action.

CHANGES IN
BATCH
PERIODICITY

Effective

Switching from 1-week
farrowing batches to 3
or 5-week farrowing
batches has been the
most effective measure
up to now to alleviate
the outbreaks

DEPOPULATION

Effective (?)

Seldom applied because
of the risk of reinfection.
Some farms considered
it.

Nursery depop once
stable




7. Vaccination in the Rosalia model
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PORCILIS™M PRRS - ID

Vaccinated Non vaccinated

A B C D

N7 N7
4 weeks ) \=13) \/ ) rt=13) / ) n=13 ~, ) n=13 /
| 5 y | 5 y
A W ' W
\ ‘\
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‘ P\ W7 * * 4 (2 [‘\ £ (7 ; ** L oy /
- Placebo / Rosalia Placebo / Rosalla
=0 n B o T i T
t’A & {9‘ &
10 dpi Half of the pigs were killed

35 dpi End of the experiment




10%°TCIDso/ml
1 ml nostril
Strain Rosalia

# i
CHALLENGE PHASE END (

Temperature (-2-14 dpc)
Clinical signs

Lung lesions (10 and 35 dpc)
Gain weight (weekly)
Viremia and viral sheding
Lymphopenia

IFN-y secreting cells

- (’

VACCINATION PHASE

¢ Antibodies
¢ IFN-y secreting cells
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Results (clinical signs)

NV/NCh NV/Ch
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Results (weight gain)

NV/NCh NV/Ch

100- 100
80~ 80- essss NV/NCh  ===NV/Ch
[ I - 9
2 60- @é-@ £ o T "- eseess V/NCh —\//Ch
& 40 % é & 40 * j i . w8
] - o -
2 e s V|8 X
20 20 -g v,
b
O—T—TT T T O—T—T— T T T 5
& & L& L& L & & L& L& L S 6
MRS ~,°‘° w*'o ,‘3>° 'g’o ONRS »&o w*'o ,‘;b° o?o g
%5
V/NCh V/Ch o
@
100- 100- Z 4
80— 80—

07 87-14 014-21 5 21-28 0 28-35

Weight (Kg)

Weight (Kg)




Results (lung lesions 10 DPC)

Moderate to severe
Interstitial pneumonia
in unvaccinated pigs
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Results (lung lesions)

Macroscopic Microscopic
A) 10 days post-challenge
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MSD swine vet conference

Results (lung lesions 10 DPC)

Uninfected control Unvaccinated/Challenged

Vaccinated/Challenged
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Results (viremia and viral shedding)

Non-vaccinated

A) Viremia
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DV-specific IFN-y
secreting cells

— T * o,
L
V * — | Nw
&l Y
- i %
N Kz
&
1
A
I T T T T 1 v
o o o o o o
m & 8 & R
JEd 0T X

S]192 Sunaudas A-N4| d1199ds-AQ

14 DPV
il
_—_IE
~
42 DPV
&

113> 8upa133s A-Nd1 24123ds-AQ s|192 Sunasas A-N4| oyads-Aq

po—

c
9
e

)

c B o
.m N U

% %
S v_y %, “,
(0] T T T T T 1 v T T T T T 1 v
S 8 8 8 8 8 °© S 8 8 8 8 °
m 0 o < N m 0 (] < N

A JNEd 0T X JNEd (0T X
.—nlv. 1192 SunaJuaas A-N4j diy1d9ds-AQ S|192 Sunaaaas A-N4| ayy1dads-AQ
Y

©
- - ¢ . i
o % HTH .
o Y o, B | G

o s, (| rH1IHrs,

S Q 7 D * * _‘ =2
L Q\N\ N 0\\\
L . v
> E o,

1 | A N N — v 4

m W W m m o | | | | | 1

N & © © =2 « 8 8 1 s S ©
LL ) JINEd ,0T X = 0 "
— 9 JNEd 40T X
—

2]
e
—

=

o

9JU3.19}JU0 }oA 3UIMS SIN




ia-specific

IFN-y secreting

Rosal
cells

Results (IFN-y ELISPOT after challenge)
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Conclusions

Vaccination proved useful to alleviate the impact of Rosalia’s infection in terms of:

1. Reduction of clinical sighs
Reduction of lung lesions

Reduction of viremia

ol

Improvement of weight gain
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Lessons to be learnt from Rosalia epidemics

1. Investigation of all PRRSV outbreaks of high virulence is mandatory (including
seguencing).

2. Constant monitoring and monitoring networks are essential to launch early
warnings and trying to limit the spread of new PRRSV strains.

3. By now, emergence of highly virulent strains cannot be predicted but sequencing
can help to gather information that will help to increase our capability for
prediction.

4. improving biosecurity of pig farms may reduce the chances for highly virulent
PRRSV to spread.
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5. Vaccination helps alleviate the impact of the infection in pigs, particularly with
regards to the clinical and zootechnical parameters (clinical signs weight).

6. Vaccination alone is not enough; improved management of the herd may help to
reduce the impact of the infection on the farm.
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