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The Danish Centre for Animal Welfare, Danish Veterinary and Food Administration, Ministry of
Environment and Food of Denmark, is acknowledged for economic support.



Infectious livestock diseases and welfare

Content/Indhold

Literature reviews of clinical manifestations with qualitative assessment of impact on animal welfare for
Infectious Bovine Rhinotracheitis in Cattle, Paratuberculosis in Cattle, Aujeszky’s Disease in Swine and

Porcine Reproductive and Respiratory Syndrome in PigS. ......c.cioiieiiiiieiniee ettt ettt e saae e sbee e 1
Y - [ PSPPSR PR PRTPPUPPOPPRPO 2
A. Infectious Bovine Rhinotracheitis (IBR) in cattle - review of clinical manifestations. ........ccccccceevveeennneen. 5
YN YU T4 o120 =1 TP TP SRR 5
A2, INtroduction Of the diSEASE ....ceiuiii ittt et s e e sa e e bt e e sateesnee s 5
FA TR 1Y 11 5 Ve Yo OO PSPPSR 6
A3.1. Clinical signs, severity, duration, mortality/case-fatality and impact on animal welfare of the
[LaTe 1AV Lo [V 1 U U ST P TR T PP SO PP PPUP 6
A3.2. Within- and between-herd prevalence and incidence in Denmark and selected countries ........... 7
AL RESUILS .ottt et s e s a e s a e ea bt e a e bt e sh e e sh e e s bt e e b et e a et e et e Rt e b e e bt e be e s e bt e aneenneesnnenaee 7
A4.1. Clinical signs, severity, duration, mortality/case-fatality and impact on animal welfare of the
TNAIVIAUA .ttt s e st s e et e e bt e bt e bt e sbeesebesaneea esbeesneesneenneens 7
A4.2. Within- and between-herd prevalence in Denmark and eight other EU member states, and with
specific comparison to The Netherlands, Belgium and Ireland.........ccccocvereeeciiieieciiee e, 11
A REFEIENCES ... ettt ettt ettt et e e bt e e s bt e e bt e e s abe e e bt e e eabee s bb e e eateeebee e sateeean eenbeeebeeann 18
B. Paratuberculosis in cattle - systematic search and review of clinical manifestations. ........cccccccecvvveenns 23
B, SUMIMIAIY ittt ettt et e e e ettt et e e e e s e s e ettt e e e e e eeessaaab bbbt aeeaaeeeaassassbebaaeeeeesaaaassssaaaaees snnnnaaaaeaeens 23
B2. INtroduction Of the diSEASE ....cueiiuiiiiiiiiee et 23
B3. IMEBENOMS ..ttt ettt ettt e bt bt e bt e h e e a et et e e bt e be e be e bt e eateeabeeabe et shbeeateeteenes 24
B3.1. Clinical signs, severity, duration, and mortality/case-fatality ..........cccocceevieieenieniieniecee e, 24

B3.2. Within- and between-herd prevalences /incidences in Denmark, Sweden, the Netherlands and

XU ] - PP PPPROPPPTOIY 24

B, RESUIES ..ttt st sttt a e et et e bt e s bt e e bt e bt e eae e eaeesat e e be e be e bt e bt e eheeeabeeabe eeebeeeateeaneenes 25
B4.1. Clinical signs, severity, duration, and mortality/case-fatality .........cccecoeeveeieeneeniieceecee e, 25
B4.2. Within- and between-herd prevalences in Denmark, Austria, the Netherlands and Sweden....... 28

B . REFEIENCES ..ttt ettt sttt h et e st e e bt e sb bt e e bt e e sube e eabe e e bbe e sabeeebteesabeeean sebeeebeeean 30

C. Aujeszky’s disease in swine - review of clinical manifestations. ........ccccccvvveeciieeiiicee e, 35
(O3 YU Vo 4 = 1 35
C2. INtroduction Of the dIiSEASE ..cc.vii ittt ettt e s ae e e it e e s beeenbeeens 35

(6 1V 11 d o To T OO PP USSP UPPORPRTPPORPIOt 35
C3.1. Clinical signs, severity, duration, and mortality/case-fatality ..........ccccoeveevieiiiiiiecieice e, 35

C3.2. Within- and between-herd prevalences /incidences in Denmark, Germany, Sweden, The
Netherlands UK and SPain ... oottt sttt sttt st st saae e sabae s sabeesabaesnbaeesarees 36



Infectious livestock diseases and welfare

A RESUILS ettt ettt b e s bt she e s at e e at e et e et e e b e e beeabe e e aeeeaeeeabesabesabe e bt ebeess sabeenbeebeenbeenne 36
C4.1. Clinical signs, severity, duration, and mortality/case-fatality ..........ccccoeveevieiiiiiie e, 36
C4.2. Within- and between-herd prevalences /incidences in DENMark .......cccccoceeeeeeceeeiriecreecreeseeereenne 39
C4.3. Within- and between-herd prevalences in selected other countries ........c.cccceeevecveeeecciveeeeccnveeenn. 39

5. RETEIENCES ...ttt ettt ettt ettt et b e e s abe e st e e e sabe e s bt e e satee s bt eesabeesabee e abeesabeeanbbeesabeeenbee nbaesneeenane 40

D. Porcine Reproductive and Respiratory Syndrome in Pigs — systematic search and review of clinical
g E YoV =1 - To ] o 1O USSR PPRPP 43

(D Y U 0 0T = VPP UPPPPUPPRRPPPNS 43

D2, INEFOTUCTION .ttt ettt e st e e bt e e s be e s bt e e sabeesabeeesbeesabaeenateesabaesnate eeenbeeans 43

D3 IMIBENOMAS .ttt ettt ettt e b e bt e e bt e a e e a et et e e be e b e e be e bt e ehteeabeea bt et sheeeateereenes 44
D3.1. Clinical signs, severity, duration, and mortality/case-fatality.........ccccceceevrievienieenreeneecee e 44

D3.2. Within- and between-herd prevalence/incidence in Denmark, Sweden, the United Kingdom, the

NEetherlands @Nd SPAiN ......cii i ettt et et e st e e s bt e e s e e sebaeesabaesbaeesaraas 44
DA RESUIES ..ttt ettt sttt a ettt et e s bt e s bt e bt e e a e e eae e s at e e be e be e be e bt e eateeabeeabe eeebbeeabeeteenes 45
D4.1. Clinical signs, severity, duration, and mortality/case-fatality........cccceevererveenineccene e, 45

D4.2. Within- and between-herd prevalence/incidence in Denmark, Sweden, the United Kingdom, the
NEetherlands @Nd SPAIN ..c...eoo it sttt e st e s it e e s beessbaeesabaesnbaeesaraes 47

(DT 202 (=T =T ([l 49



Infectious livestock diseases and welfare

A. Infectious Bovine Rhinotracheitis (IBR) in cattle - review of clinical manifestations.

By Jens Frederik Agger

Al. Summary
Infectious Bovine Rhinotracheitis (IBR) in cattle - review of clinical manifestations.

Infection with bovine herpesvirus 1 (BoHV-1) causes a variety of clinical conditions in cattle that
are compromising the normal functioning, behavior and welfare of animals. The most common
conditions are infectious bovine rhinotracheitis (IBR), infectious pustular vulvovaginitis (IPV) and
infectious pustular balanoposthitis (IBP). This review focuses on IBR, which is the most common
condition in BoHV-1 infection. The review covers the clinical signs, severity, duration and mortali-
ty, as well as the occurrence of the disease at the herd and national levels before and after com-
mencement of eradication as well as legal aspects of importance for the control. Finally, a qualita-
tive assessment is given of the importance of the extinction on the welfare of the cattle population
in Denmark and a comparison with Ireland, Belgium and the Netherlands, which are at different
stages of control. Ireland has been chosen because a control program has not yet been estab-
lished, but initial steps have been taken; the frequency among dairy and beef cattle herds was 75-
80% in 2015. Belgium has been chosen because a voluntary control program from 2007 was made
compulsory in 2012 throughout the country (EU approved in 2014); the country is in the later
stages of the control and the frequency of IBR infected herds has been reduced significantly from
52% in 2011 to 18% in 2015 but not yet eradicated. The Netherlands has been chosen because
mandatory action was started in 2018 in dairy cattle and voluntarily in beef cattle; the country is in
the early stages of the control and the prevalence was high with 27 % infected herds in the first
guarter of 2019.

IBR typically has an acute clinical course expressed by the following 12 different clinical signs: De-
creased appetite and intestinal function and milk yield, fever, increased salivation and nasal and
ocular discharge, increased and superficial respiration - possibly dyspnea, short vigorous cough,
dehydration, lethargy, abortion and transient diarrhea. The infection then goes into a lifelong sub-
clinical course with a latent infection of the nerve ganglia, which makes the bovine periodically
contagious. None of the clinical signs are pathognomonic to the disease, and the predictive value
of the individual clinical sign is typically very low, regardless of any evidence of a high prevalence.
It is the overall clinical picture, supplemented by laboratory studies for the presence of antibody
or virus in a milk or blood sample, which is essential for the detection of the infection. In countries
with infection, the within-herd prevalence of infection range from 10-78% and the between-herd
prevalence of infected herds range from 9-100%. Lethality is generally low <10%.

A2. Introduction of the disease

Infectious bovine rhinotracheitis (IBR) is caused by Bovine herpes virus 1 (BoHV-1). The infection is
lifelong (Straub 2001) and may be in an active subclinical or clinical stage with formation of anti-
bodies or in a latent stage where the virus hides in sensory nerve ganglia mostly in the trigeminal
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ganglion or pharyngeal tonsils after naso/oral infection or in the sacral ganglia after genital infec-
tion (Ackermann and Wyler 1984; Winkler et al. 2000). The latent virus may be reactivated by
stressors e.g. parturition, mating, transport or treatment with corticosteroids (Muylkens et al.
2007, Raaperi et al. 2014, Straub 2001).

Bovine herpes virus 1 (BoHV-1) is believed to have been the cause of previously reported clinical
disease in cattle in the 19t century in Germany denoted Blaschenausschlag or coital vesicular
exanthema (CVE) and later as pustular vulvo-vaginitis in cows and heifers (IPV) and as infectious
pustular balanoposthitis in bulls (IBP). According to the literature only these genital and venereal
forms were known until the 1950’ies, where Schroeder and Moys (1954) reported the initial cases
of IBR in large Californian dairy herds in 1953. BoHV-1 may cause systemic infection in neonates,
and the virus may also cause other clinical disorders including abortion, infertility, conjunctivitis,
encephalomyelitis, mastitis, enteritis and lesions in the interdigital space (Straub 2001).

The etiology was shown to be a filterable agent of viral aetiology (Reisinger and Reimann 1928,
(Muylkens et al. 2007). The virus was isolated in 1956 (Madin et al 1956) and identified as a bovine
herpes virus in 1961 (Armstrong et al. 1961, cf. Yates 1982) and shown to be the same virus group
causing IBR, IPV and IBP. There are three main subtypes of BoHV-1 (Miller et al. 1991). Subtype
BoHV-1.1 primarily causes IBR with subclinical or clinical infection of the respiratory organs, and
subtype BoHV-1.2a may cause IBR and abortion. Subtype BoHV-1.2b may cause respiratory dis-
ease but mainly causes infection of the reproductive organs leading to IPV and abortion in females
and IBP in males (Edwards et al. 1990, Wentink et al 1993, Graham 2013). However, Nylin (2000)
wrote: “As found by others (Mc Kercher et al 1959, Gillespie et al. 1959, Bowling et al. 1969) there
was no correlation between the genome type and the clinical manifestations, confirming that a
distinction between groups of strains associated with genital and respiratory disease (i.e. IBR/IPV)
could not be verified. This was also concluded in the study of Danish BHV-1 strains by Christensen
et al. (1996)”".

IBR has been diagnosed in cattle (dairy as well as beef) worldwide and only few regions and coun-
tries have cleared the infection, i.e. Denmark Finland, Sweden, Switzerland, Austria, Norway, most
federal states of Germany and Bolzano in Italy (Straub 1975, 2001; Raaperi et al. 2014). IBR induce
disease, reduce welfare and fertility and milk yield and weight gain and impose trading re-
strictions. This leads to significant economic losses.

IBR is currently the predominating form of disease from infection with BoHV-1 and the present
review focuses on IBR only.

A3. Methods
A3.1. Clinical signs, severity, duration, mortality/case-fatality and impact on animal welfare of
the individual
A systematic review was carried out in PubMed using the search terms (IBR or infectious bovine
rhinotracheitis) and ((clinical sign*) or (clinical disease) or death or mortality) and (cattle or cow or
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bovine). The titles and /or abstracts were then reviewed by one reviewer. Review papers were
also included and used for snowballing. Exclusion criteria for the systematic review were language
(non-English or non-German), not cattle, not on IBR as a comorbidity and experimental studies -
e.g. vaccine trials. Information on the clinical signs, their duration and severity was then summa-
rized and tabulated.

A3.2. Within- and between-herd prevalence and incidence in Denmark and selected countries
Prevalence estimates in populations before the onset of control programs were extracted from
research papers. Prevalence estimates after implementation of control programs were based on
recent publications or from web-pages describing the control programs and their effect in the in-
dividual countries.

A4, Results

A4.1. Clinical signs, severity, duration, mortality/case-fatality and impact on animal welfare of
the individual

A total of 240 articles were identified in the search on 1% April 2019. After assessment of titles or
abstracts and inclusion of articles identified by snowballing a total of 53 publications were includ-
ed in the review.

Schroeder and Moys (1954) were the first to describe the index case in October 1953 in California
and further outbreaks in 52 dairy herds with the clinical appearance of what was later believed to
be IBR. In lactating cows the first evidence of infection was a sudden drop in lactation lasting 1-2
days, and the disease spread within the individual herds during 2-6 weeks. Temperatures varied
from 40-41 °C (normal: cattle >1 year 38.0-39.0 °C; cattle 4-12 months 38.5-40.0 °C; calves <4
months 38.5-40.5 °C). Half of the affected animals ceased rumination and refused to eat, and cows
seemed constipated shortly before the onset of visible symptoms, while appetite of the others
remained until visible respiratory symptoms. Excessive salivation and grinding of the teeth was
observed. The mucous membrane of the nostrils was inflamed and with mucopurulent discharge.
Respiration was shallow and rapid 30-60 per minute (normal 10-30 per min) and a short explosive
cough was characteristic. Pain was not evident on tactile percussion, and auscultation revealed no
abnormal sounds in the early stages. Diarrhea was not observed except for dying animals. There
was a considerable variation in severity and duration of clinical manifestations among the animals.
Of 13,108 cattle in 52 affected herds 1002 became infected (morbidity risk = 7.6 %) and 30 died
(case fatality = 3 %). Miller (1955) reported similar clinical findings among beef and dairy cattle in
Colorado in young (down to 3 weeks old) as well as matured cattle. The earliest cases were seen in
1950.

Ross et al. (1983) described a case of acute and fatal clinical disease in 7 neonatal calves due to
infection with IBR virus. The calves were born from 7 uninfected pregnant replacement heifers
newly purchased from a single farm. The calves were fed pooled colostrum from the purchasing
farm. All calves developed bilateral serous ocular and nasal discharges, excessive salivation and
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pyrexia (40 °C). Five calves died within 2-3 days due to aspiration pneumonia caused by severe
laryngeal edema and difficulty in swallowing milk fed from a bucket. The other two calves recov-
ered slowly over 2 weeks. Thus, the morbidity risk was 100 % and the case fatality was 5/7=71.4 %.

Wiseman et al. (1978) described an outbreak in Scotland of acute IBR in a group of 46 weaned sin-
gle-suckled calves 6 days after arrival form market. The clinical signs were slight dullness, unwill-
ingness to eat, profuse lachrymation and conjunctivitis, purulent nasal discharge, grooling saliva,
pyrexia (39.5-40.5 °C) and frequent coughing. Morbidity was almost 100 %. One calf would prob-
ably have died from the infection, but was euthanized for further investigation, i.e. mortality and
case fatality = 2 %. All other calves had recovered over 26 days.

Wiseman et al (1980) described the major clinical findings in 15 cattle herds (10 beef herds, 4 dairy
herds and 1 suckler beef cow herd) with outbreaks of IBR in northern Britain (mainly Scotland).
The 15 farmers’ reasons for seeking veterinary advice varied, and the order (from most to least) of
the major reasons were signs of reduced appetite (60 %), serous ocular and nasal discharge (53 %),
coughing (47 %), dullness(40 %), tachypnea (33 %), drooling saliva (27 %), nasal discharge (20 %),
ocular discharge (13 %), hyperpnoea (13 %), reduced milk yield (13 %), and blood on the tail (7 %).
Clinical signs of IBR developed within four weeks upon arrival of animals from a market in 14 of
the 15 herds. The within herd morbidity risk varied from ca. 10 % in one herd to >90 % in 10 of the
15 herds. The within herd mortality risk varied from zero to 8 %. The clinical examinations showed
the following signs with varying extent in all outbreaks: Pyrexia often at 41 °C, dullness, reduced
appetite, bilateral nasal discharge (serous to mucoid or purulent), and increased frequency of
coughing, tachypnea and hyperpnoea and ocular discharge. Reduced body weight was in severe
cases up to 30 kg and beef cattle failed to maintain their previous rate of weight gain for a period
of 3-5 weeks. Milk yield was decreased from low up to 24 liters per day usually for a few days and
in severe cases sometimes they became agalactic. Abortion was seen with or without prior clinical
signs. Clinical signs in the infected herds were observed for one to eight weeks. In general the dis-
ease took 3-5 weeks to pass through a herd (Wiseman et al. 1980).

Pritchard et al. (2003) described a single dairy herd outbreak of IBR. After the herd had tested se-
rologically free from IBR for 13 years on bulk milk, it was detected weakly positive apparently
without any clinical signs in infected cows. Blood testing in May 2000 of all 231 cows showed 70.1
% cows to be seropositive for IBR virus, and none of the heifers tested seropositive. A follow up
interview with the herdsman, however, revealed that there 1-2 months previously had been a
slight bilateral watery ocular discharge from ca. 5 % of the cows without any other clinical signs
before or after the testing. Two cows that aborted in year 1999 and 4 cows in year 2000 all tested
positive for IBR. Thus, clinical signs can be so weak that they pass without notice and action from
the farmer.

Table Al. Clinical manifestations and disease stages of IBR infections, duration and implications
for animal welfare at animal level.
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Clinical mani- Typical signs Frequency of Duration Welfare im- Remarks
festation clinical signs. plications
(Morbidity)
Overall as- Overall as- Morbidity 100 One week. All  Generally Most clinical
sessment of sessment (see % evidence of severe signs varies
acute phase details below) Mortality <10 the acute considerably
signs % phase disap- among cases
pear in less
than one mth.

Detailed signs  Milk yield re- 100 % Few days None
during the duced 4-24 High
acute phase liters/cow day,

or agalactic

Pyrexia (40- 100 % Several days Severe

o]

41°C) High

Reduced appe- High Several days- Low

tite and rumi- 3-5 weeks

nation.

Slight-anorexic

and constipat-

ed

Salivation slight High Several days Low

to excessive

(drooling)

Nasal discharge High 5-7 days Low

serous-mucoid-

mucopurulent

Respiration High Several days  Very severe

shallow and

rapid (30-

60/min)

Dyspnea

Short coughing  Medium - Several days Very severe

varies in high

strength
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Dehydration ? Several days Low
Varies
Dullness (se- 100 % Several days Low

verity varies)

Ocular dis- High Several days Low
charge, lach-

rymation, con-

junctivitis. Se-

verity varies

Abortion (pri- Low Short time Severe
marily during
2" and 3" tri-

mesters)
Transient diar- Low Few days Medium
rhoea
Mortality <10 %
Latent sub- None High Persistent None There are no
clinical phase infection in reports on the
ganglia impact of this
chronic sub-

clinical phase

*Wiseman et al. (1980).

From the literature it can be concluded that there are no pathognomonic signs for IBR. All signs
can be seen in connection with many other diseases and are individually not very strong diagnostic
indicators. As an example of the weakness of the clinical signs in relation to diagnostic reasoning,
nasal swabs were sampled from clinically suspected Dutch farms on four occasions (Anon 2018a,
2018b, 2018c, 2018d, 2019). The positive predictive values for detection of IBR field strains are
estimated from these reports in Table A2 and vary between 0.08 and 0.19. This is very low values
compared to the generally high within-herd prevalence when the infection is present.

Table A2. Estimation of the positive predictive value of nasal swabs from IBR clinically suspected
cattle farms in The Netherlands 2018-2019.

Time period # farms sampled # farms positive PPV

2018 1t quarter 57 11 0.19
2018 2%t quarter 61 10 0.16
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2018 4t quarter 38 3 0.08
2019 1t quarter 50 6 0.12

A4.2. Within- and between-herd prevalence in Denmark and eight other EU member states, and
with specific comparison to The Netherlands, Belgium and Ireland

Table A3 summarizes 12 selected surveys on the occurrence of BHV-1 infections in dairy and beef
and mixed cattle herds in Belgium, Estonia, Hungary, Ireland, Italy, Spain, The Netherlands and the
United Kingdom. The surveys are based on bulk milk samples and/or individual blood samples
from various fractions of the cattle populations and with more or less precise information on the
sampling frames and sampling methods. Generally the studies are based on random or close to
random selection of herds and animals. All surveys are based on a commercial ELISA antibody test
type except the study in Italy by Castrucci (1997) who used the serum neutralization test. Some
studies also estimate the test sensitivity and specificity and present apparent and true prevalence
estimates. Estimates extracted from the publications mainly concern the unvaccinated cattle pop-
ulation. Generally across the studies the between-herd prevalence varies from 13 % in Hungary to
98.8 % in ltaly; the within-herd prevalence is not very often available and the four examples vary
from 20.1 % in young stock to 52 % in mature cows; and the individual level prevalence varies be-
tween 26.8 % and 77.5 % and is not available in all studies. Dutch dairy farms had during 2015-
2016 a between-herd prevalence of 15.6 % with IBR antibodies in bulk milk and in non-dairy farms
the between-herd prevalence was 9.6 % (Anon 2018a).

None of the listed countries had an eradication program implemented at the time of study. How-
ever, several countries for periods used vaccination to control the disease in parts of their popula-
tions.
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Table A3. Summary of 12 European surveys of the prevalence of BHV-1 infection in cattle herds.

Country Study Sampling Sampling method Sample size Prevalence (%) Comment Reference
period frame s
Herds Animals Herds Animals Between- Within- Individu
herd herd al level
Belgium 1997- All provinces Random All ani- 207 4060 TP=65 TP=34 TP=36 Not vac- Boelaert et al.
1998 of Belgium stratified  mals cinated 2000
within within
dairy, each herd
beef and
mixed
Estonia 2006- 15 counties  Stratified  Age strat- 328 9637 se-  TP=22.0 37.8 Not vac- Raaperi et al.
2008 in 5 dairy random ified ran-  herds rum sam- Young- cinated 2010
regions in within 5 dom for BTM ples stock: 20.1
Estonia dairy re- within samples
gions herd . Cows: 52.8
herds
for se-
rum
samples
Hungary 1992- All small All small All ani- 63,373  Bulkmilk  13.5 Not Tekes et al. 1999
1993 herds <50 herds mals from vaccinated
aged >24 dairy
months herds and

pooled
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serum
from beef
herds

Hungary

1992-

1993

75 % of
large
herds>50

Considere
d random

All ani-
mals
aged >24
months

736

70,525 79.3
pooled

samples

each of
<10cattle

Milk from
lactating
cows,
serum
from beef
and dry
cows

Not Tekes et al. 1999
vaccinated

Hungary

1997

90 % of
small herds
<50

Consid-
ered ran-
dom

All ani-
mals
aged > 24
months

45,899

Serum 15.7
samples

pooled

from <10
animals

per herd

Not vac- Tekes et al. 1999

cinated

Ireland

2007

Beef herds
sending
bulls to per-
formance
testing sta-

Purposive

All

41

Ca. 1125 73.2 28
serum

samples

from

candidate

Not vac- O’Grady et al.
cinated 2008
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tions bulls,
dams and
cohort
animals
Ireland 2009 Four prov- Random 781 One se- 74.9 Not vac- Cowley et al.
inces. stratified beef rum pool cinated 2011
Dairy and for dairy herds from
beef herds and beef and 394 each herd
dairy based on
herds <30 ani-
mals
Italy Ca. Region of Consid- Not men- 51 6,415 84.3 35.0 Not vac- Castrucci et al.
1996 Lombardia eredran-  tioned cinated 1997
(other re- dom recently
gions in the among
study ig- herds
nored) with no
history of
recent
vaccina-
tion
Italy Ca. Provinces Stratified  Age strat- 81 948 blood 98.8 77.5 Not vac- Rinaldi et al. 2007
2004 Campania, random ified ran- samples cinated
Puglia, Basil- dom
icata within

herd
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Spain 2000 Andalucia Random Random 110 2393,ca. TP=70.4 TP=45.7 Not vac- Gonzales-
within 25 blood cinated. Garcia et al. 2009
herd samples Repre-

from sents

each herd small and
medium
sized dairy
and beef
herds

Spain 2000 Galicia Stratified  All cattle 375 Individual TP=58.3 TP=43.2 Some Eiras et al. 2009

random aged>1 dairy serum herds vac-
year 385 from cinate
TP=48.1 TP=26.8
6,038
beef
dairy
2,690
beef
Spain 2004 Galicia Stratified All cattle 1,147 Individual TP=51.5 TP=37.8 ADSG* Eiras et al. 2009
random aged > 1 dairy serum herds
year from
1,464 _ -
38,120 TP=45.2 TP=33.1
beef
dairy
21,219
beef

The Neth- 1994 The whole All Ducth 33,636 None 84.0 Somevac- Van

erlands country dairy dairy cinate.




Infectious livestock diseases and welfare

herds herds Status Wouijckhuise

unknown . 21 1998

United 2002- South West  Purposive All acces- 107 14,243 83.2 431 42.5 Not vac- Woodbine et al.
Kingdom 2004 England. sible cat- animals cinated 2009

Farms from tle>2 (serum

the Ran- years samples)

domised

Badger cull-

ing Trial and

farms de-

populated in

the 2001

FMDepi-

demic

* Dairy and beef herds enrolled in a voluntary health defence program restricted to only marker vaccines, sanitary measures and control programs for cattle
trade, disinfection, decontamination and BVD, Johne’s disease and neosporosis.
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IBR-infection in Danish cattle was diagnosed for the first time in January 1969 in semen and prepu-
tial secretion from a bull at an artificial insemination center (Bitsch 1973), and a national eradica-
tion program in Denmark was initiated by September 1984 (Nylin 2000). In the beginning of 1984
before start of the eradication program, the apparent prevalence of positive dairy herds (i.e. the
between-herd prevalence) was 9 %. The prevalence reached maximum at 11 % in 1985 in the early
phase of the eradication program. Figure B1 shows the number of BoHV-1-infected dairy herds
monthly during the eradication campaign, and Denmark obtained the EU official BHV-1 free status
in December 1992 (Nylin et al. 1998, Commission Decision 2004/558/EEC). Unfortunately it is not
uncommon to have re-occurrence of disease after eradication, and during the period 1993-1996,
2000, 2002, 2003 and 2005 sporadic outbreaks were seen. Table A4 presents a summary of the
above prevalence estimates. However, Denmark maintained the EU official BHV-1 free status.

Reintroduction of BoHV-1 infection in the Danish cattle population in 1995 comprised 61 dairy
herds identified in the surveillance program with tests of live animals and at slaughter. Clinical
signs observed in 6 herds with confirmed virus isolation in 1995 were characterized in interviews
with the veterinary practitioner as follows (Nylin et al. 1998): Mild (only discharge from eyes and
nose), severe (dyspnoe and fever) and very severe (restricted respiration, dyspnoe and pulmonary
oedema resulting in death of the animal). Two herds showed only mild signs, three herds showed

severe signs and one herd showed very severe signs.
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Figure B1. The number of registered BHV-1 infected dairy herds in Denmark in the period 1984-
1995. Numbers were based on extract from the IBR-register. Copied from Nylin (2000, page 32).
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Table A4. Summary table of typical occurrence of IBR infections in endemic areas with no control

program.
Infection stage Population level prevalence

Individual level Mortality Within-herd Between-herd
Antibody positive 10-78 % <10% 20-52 % (increas- 9-99 %

es with herd size)
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B. Paratuberculosis in cattle - systematic search and review of clinical manifestations.

By S@ren Saxmose Nielsen

B1l. Summary
Paratuberculosis in cattle - systematic search and review of clinical manifestations.

Paratuberculosis is a chronic infection of cattle and other ruminants, caused by Mycobacterium
avium subsp. paratuberculosis (MAP). The infection can after a prolonged latency period without
clinical disease cause slow emaciation and recurrent diarrhoea, which at a later stage can lead to
persistent diarrhoea and ultimate death.

We made a systematic literature compilation on the clinical signs of paratuberculosis. Then, we
made a qualitative comparison of efforts against paratuberculosis in four European countries:
Sweden, Austria, the Netherlands and Denmark. Sweden was chosen because it is believed that
the country has a low incidence and it is legally required that paratuberculosis is eradicated fol-
lowing any suspicion. Austria was chosen because clinical suspicions must be reported, but para-
tuberculosis is not necessarily eradicated from the herd of origin and can thus spread further. The
Netherlands was chosen because of the focus on milk quality, not spread of infection and animal
welfare. Denmark focuses on reducing the prevalence of infection, which affects both the spread
of infection, production and clinical disease.

Infections with MAP can be divided into subclinical and clinical stages. In the clinical stages, emaci-
ation may be observed following recurrent diarrhoea, which after shorter (days) or longer (typical-
ly months) progresses to persistent diarrhoea, total emaciation and death.

More than half of the Danish, Austrian and Dutch dairy herds are estimated to be infected with
MAP, but the prevalence at cow level has only been estimated in Denmark, where in 2015 it was
estimated to be approx. 6%. This figure is associated with considerable uncertainty, but there was
a significant decrease in the prevalence in the period from the introduction of the voluntary Dan-
ish control programme in 2006 until the study in 2015. No studies have been conducted on the
occurrence of clinical disease in the countries included.

B2. Introduction of the disease

Paratuberculosis, or Johne’s disease, is a chronic infection of cattle and other ruminants caused by
Mycobacterium avium subsp. paratuberculosis (MAP). Infection is often divided in four stages: I)
silent infection; Il) subclinical disease; lll) clinical disease; and IV) advanced clinical disease (Whit-
lock and Buergelt, 1996). MAP infections may affect production such as reduced milk yield (Kudahl
et al., 2004) and slaughter weight (Kudahl and Nielsen, 2009) in Stages II-1V, but premature culling
or death can also occur if the disease progresses. Furthermore, MAP has been associated to
Crohn’s disease in humans, where treatment with anti-mycobacterial drugs has shown an effect in
a few randomized clinical trials. Live MAP has also been recovered from retail milk. However, the
role of MAP in Crohn’s disease remains to be established (More et al., 2017).
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Disease control programmes have been implemented in many countries globally, often with
very different purpose due to the different effects. The chronic nature of the infection and disease
has a number of implications for the approach to establishment of disease control programmes.
Furthermore, data collection in relation to the programmes is often of a diverse nature. Firstly,
many scientific studies suffer from selection bias, e.g. because animals are lost to follow-up. Spec-
trum bias is also common because the most diseased animals are easier to confirm as diseased.
Secondly, misclassification bias is common because of the protracted course of the infection, and
because the same test does not fit all purposes that may be relevant in the disease control pro-
grammes (Nielsen, 2014). Animal welfare has not specifically been studied in relation to MAP in-
fections. Death or culling due to clinical disease may serve as the best proxies for animal welfare,
although reported culling due to other MAP related diagnostic evidence is also the basis for deci-
sions on culling.

The overall aim of this work was to assess the available information on the impact of MAP
infection on animal. The objectives of this report were therefore to summarise a) the clinical signs,
their severity and duration; and b) the mortality and case-fatality of MAP infections based on a
systematic literature review.

B3. Methods

B3.1. Clinical signs, severity, duration, and mortality/case-fatality

A systematized review (Grant and Booth, 2009) was carried out in PubMed using the search terms:
(paratuberculosis or Johne's disease) and ((clinical sign*) or (clinical disease) or death or mortality)
and (cattle or cow or bovine). The abstracts were then reviewed as follows: one reviewer assessed
all the abstracts and included papers with: original descriptions/recordings of clinical disease (with
aspects of mortality, diarrhea, emaciation, pain, bottle jaw, etc. but not milk yield). Review papers
were also included and used for snowballing (Greenhalgh and Peacock, 2005). Exclusion criteria
for the systematic review were: a) language: non-English or non-German; b) not on paratuberculo-
sis or paratuberculosis as acomorbidity; c) not cattle; d) not original study of clinical disease. In-
formation on the clinical signs, their duration and severity was then summarised and tabulated.

B3.2. Within- and between-herd prevalences /incidences in Denmark, Sweden, the Netherlands
and Austria

Recent information on the prevalence of MAP infections in Denmark, Sweden, the Netherlands
and Austria was included. Sweden was included because of their proclaimed low prevalence of
MAP infections, the Netherlands was included because they have a long-standing milk quality con-
trol programme, which differs from the programmes in many other countries, and Austria was
selected because clinical MAP infections are notifiable in Austria. Prevalence estimates were based
on a systematic review from 2007 (Nielsen and Toft, 2009) updated with information from the
peer-reviewed literature and information published from the international ParaTB Forum. Preva-
lence estimates before and after intervention was included when possible.
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B4. Results

B4.1. Clinical signs, severity, duration, and mortality/case-fatality

A total of 453 hits were identified at the search on 7 March 2019. Of these, 386 could be assessed
based on the Abstract, whereas full papers had to be retrieved to assess the remainder. Studies
were excluded for the following reasons: a) two studies were in Polish or in Dutch; b) 11 studies
were excluded because they were not on paratuberculosis or paratuberculosis was a comorbidity;
c) 63 were not on cattle; d) 252 were excluded because no clinical information was included, and
an additional 104 papers were excluded for not including specific clinical information. Four reviews
were included for snowballing. This resulted in 17 papers with clinical information. An additional
eight papers were included as a result of snowballing.

Reported clinical manifestations included a variety of the signs: chronic wasting, scouring, emacia-
tion, intermittent diarrhoea. A number of other signs were also mentioned in literature, but these
were not described as part of the recorded data in the studies.

Animals with diarrhoea are considered to be in a catabolic state, while animals without diarrhoea
are considered to be in an anabolic state. Protein leakage and impaired amino acid uptake results
in a negative nitrogen balance with chronic wasting and emaciation (Chiodini et al., 1984). Howev-
er, absence of diarrhoea can also be associated with chronic wasting and emaciation. For example,
Patterson et al. (1965) reported on six cows with clinical signs: all had severe loss of condition,
additionally three experienced diarrhoea (one with severe diarrhoea), two had loose faeces and
one had firm faeces. Patterson et al. (1968) also reported on 24 cattle with suspicion of clinical
disease. Seventeen of these developed terminal disease characterised overall by prostration, in-
appetence and extreme muscular weakness, where after they died in 1-2 days. Most of the ani-
mals were included in the study due to emaciation, but diarrhoea was only persistent in the ter-
minal stages. Van Amstel (1984) reported on two animals with clinical signs of severe loss of condi-
tion (MAP infection confirmed by thickened and corrugated ileum); only one of the cows present-
ed with diarrhoea, whereas the others did not develop diarrhoea over the three week period of
hospitalization, where the animal was observed. Prewett (1950) also described multiple cows with
clinical signs; diarrhoea and emaciation; diarrhoea and poor condition; emaciation; intermittent
diarrhoea. Some of the cows had positive, others a negative bacterial culture. Mortier et al. (2015)
recorded development of clinical disease in two of five experimentally infected calves. One had
deteriorating body condition from 11.5 months after inoculation, where the body condition score
was 2.5, and at 14 months of age, the BCS was 2. Within two weeks, diarrhoea presented intermit-
tently until euthanasia at 16 months post infection. The second calf suffered from acute disease
with severe abdominal pain, lack of appetite and diarrhoea at 16 months post infection. Disease
deteriorated and the calf was euthanized seven days after onset of the clinical symptoms. Both
calves were MAP antibody-positive from 5 months of age. Further to this, Gonzalez et al. (2005)
reported clinical disease in 19/47 cows, of which the selection was unclear. All of these 19 were
classified based on weight loss and some with emaciation and muscle atrophy. Seventeen had di-
arrhoea. All 19 had histopathological lesions consistent with MAP infection. Of the remaining 28
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without clinical disease, 15 also had histopathological lesions consistent with MAP infection. Khol
et al. (2012) selected cows from three herds based on a suspicion of MAP infection, and noted that
seven of 58 cows had clinical disease (diarrhoea and weight loss). However, the selection criteria
were obscure and the distribution of disease is not necessarily informative. A summary of the clin-
ical information is given in Table B1.

Table B1. Clinical manifestations/disease stages of Mycobacterium avium subsp. paratuberculosis
infections, duration and implications for animal welfare. Information was retrieved from Whitlock
and Buergelt (1996) and Brady et al. (2008), but no specific data summaries can be identified in
literature. When specific references are given, additional information was retrieved from that ref-
erence (BCS= Body condition score). Stages | and Il are subclinical and therefore not included.

Disease stage Typical signs Frequency of signs Duration Welfare
implica-
tions

Stage lll or IV Weight loss/ Poor con-  1/10 infected ani-  3-6 months Low

dition (BCS 1-2) mals

Chronic wasting 1/10 infected ani- 3-6 months Moderate
mals

Intermittent diarrhoea  1/10 infected ani-  3-6 months Moderate
mals

Stage IV Emaciation (BCS 0-1) 1/20 infected ani-  Days to Severe

mals weeks

Pipe stream diarrhoea 1/20 infected ani- Days to Severe
mals weeks

Intermandibular oede-  1/20 infected ani- Days to Severe

ma mals weeks

Lethargic 1/20 infected ani- Days to Severe
mals weeks

Death 1/20 infected ani- Days to None
mals weeks

To conclude, few studies provide systematic information on the clinical signs and their duration.
The information that was extractable suggests that poor condition is the first visible sign, and this
may lead to emaciation. Intermittent diarrhoea can be present, but not in all animals. Eventually,
most cattle die from the infection, if they are not culled or euthanized. Very limited primary in-
formation is available on the duration. Several reviews listed the duration of Stage Ill to 3-6
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months and Stage IV from days to weeks, but the period from Stage Il to Stage IV can be weeks
(Whitlock and Buergelt, 1996). Only the study by Mortier et al. (2015) presents primary data to
support this information.

Concerning the extent of clinically diseased cattle, there is limited specific information from a ran-
dom selection of infected herds. However, from selected herds, Larsen and Merkal (1968) report-
ed an annual clinical disease incidence of 4.2% in a herd with reported poor hygiene and an annual
clinical incidence risk of 1.4% in a herd with good hygiene. Raizman et al. (2007) reported that 60%
and 40% of cull cattle were due to clinical Johne’s disease in two large American dairy herds, and
Shahmoradi et al. (2008) reported within-herd clinical prevalences in the range 1 to 16%, with a
median within-herd prevalence of 2%. Paolicchi et al. (2013) reported a clinical prevalence of 2/77,
where both animals presented with diarrhoea and emaciation. In a Norwegian herd, Holstad et al.
(2005) reported no clinical disease in a Norwegian herd of 45 animals with eight sero-reactors and
confirmed MAP in the herd and histopathological lesions consistent with MAP infection in four
animals. Reported prevalences of clinical disease are reported in Table C2 from Minnesota, USA at
different stages in a control programme. From the older literature, Reinders (1963) reported with-
in-herd prevalences of clinical disease in the range 0 to 60%, with a median of 17% in thirty herds.
Such observations do not appear to be common in today’s cattle production. However, they illus-
trate the point that it is indeed possible to observe high levels of clinical disease.

Table B2. Reported prevalences of clinically diseased cattle due to MAP infections at different
stages in control programs.

Period Case-fatality Reference

2-1 years before onset of 3.6% annually Ferrouillet et al.
control (2009)

1-0 years before onset of 1.6% annually Ferrouillet et al.
control (2009)

0-1 years from onset of 2.5% annually Ferrouillet et al.
control (2009)

1-2 years after onset of 0.4% annually Ferrouillet et al.
control (2009)

4 years 8.8% over four years in cohort of 260 MAP ex- Espejo et al. (2013)

posed animals

Overall, the age distribution at first reporting of clinical signs of 171 animals from four herds has
been described to minimum age: 6 months; peak: 4 years; mean: 5 years; maximum 13.5 years
(Matthews, 1947). A similar distribution was observed by Jubb and Galvin (2004b). The distribu-
tion suggests that most cows break down around 4 to 5 years of age, which is supported by data
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presented by Reinders (1963), where up to 8.4% of the age-group experienced clinical disease
(Figure C1).

The prevalences listed above are all from more recent studies, where the rearing conditions and
hygienic level may be significantly better than in the past. The estimates are in contrast to the
conditions in an experimental herd with high infection pressure. Here, 7/23 animals born in the
herd died of clinical paratuberculosis at an average of 32.3 months of age; an additional 6 animals
slaughtered at on average 22.8 months of age had MAP associated lesions at slaughter. The re-
maining 10 showed no sign of infection after on average 26.2 months of age (Hagan, 1938). A clini-
cal prevalence such as this does not seem likely under modern rearing conditions.

0.08 4 Based on data from Reinders JS, 1963
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Figure B1. Fraction of age-group with clinical MAP infection (based on data from Reinders, 1963).

B4.2. Within- and between-herd prevalences in Denmark, Austria, the Netherlands and Sweden

Nielsen and Toft (2009) previously concluded “There are few valid MAP prevalence estimates
available in Europe, partly due to problems with test accuracy in target populations, partly due to
study designs unsuitable for prevalence inference”. This also applied to Austria, where the test
accuracies used produced incredible prevalence estimates, the Netherlands were true prevalence
estimates were non-interpretable, or different prevalence estimates were produced for the same
regions, and in Sweden, where selection bias resulted in lack of credible prevalence estimates (Ta-
ble C3). Since then, no prevalence studies have been published for those countries. Nielsen (2009)
concluded that the between-herd prevalence in Denmark before the onset of the Danish control
programme on paratuberculosis in 2006 was approximately 85% based on different studies. By
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2013, the between-herd prevalence was estimated to 75% (Verdugo et al., 2015) and the overall
cow-level prevalence was estimated to 5.5%, with a median within-herd prevalence in infected
herd of 6.8%. These estimates were based on herds within the control programme only.

Table B3. Point estimates and best guesses of prevalences of Mycobacterium avium subsp. para-
tuberculosis in Denmark, Austria, the Netherlands and Sweden.

Country Year Between-herd Within-herd Cow-level Reference
Denmark 2006 85%
Denmark 2015 75% 6.5% 5.5% Verdugo et al., 2015
Austria 1995- Best guess: 50- Not availa- Not availa- Nielsen and Toft,
97 80 ble ble 2009
The Nether- 1999 Best guess: 70%  Not availa- Not availa- Muskens et al., 2000
lands ble ble
Sweden 1995- Not available Not availa- Not availa- Nielsen and Toft,
96 ble ble 2009

The development in the apparent prevalence (antibody prevalence) of the herds enrolled in the
voluntary Danish paratuberculosis programme suggests that the within-herd prevalence de-
creased over the period spanning from 2008 to 2019 (Figure C2). The proportion of herds enrolled
also decreased.
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Figure B2. Apparent prevalence (based on ID Screen Mycobacterium avium subsp. paratuberculo-
sis antibody ELISA) and number of enrolled herds in the Danish control programme on paratuber-
culosis from October 2008 to October 2019. Data reported weekly in http://kvaegvet.dk/ In Octo-
ber 2008, 4468 dairy herds were recorded, i.e. around 26% of herds. Approximately 29% of dairy
herds were enrolled in January 2012 and 20% in August 2019.
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C. Aujeszky’s disease in swine - review of clinical manifestations.

By Nina Dam Otten

C1. Summary
Aujeszky’s disease in swine - review of clinical manifestations.

Aujeszky's disease or pseudorabies is caused by porcine herpes virus 1, which gives rise to a highly
contagious clinical condition with high morbidity for all age groups, while mortality is decreasing
with age and dependent on the virulence of the virus in question. However, piglet mortality is
most often at 100 %. Infection with Aujeszky's primarily results in neurological clinical manifesta-
tions with e.g. weakness, fever and convulsions leading to death of the piglets. Weaned pigs are
most often affected by respiratory symptoms with an increased risk of secondary bacterial infec-
tions. In sows, reproductive disorders such as abortion or mummification of fetuses, weak-born
pigs and agalactiae are also seen, which, together with intrauterine infection of the fetuses, re-
duces the survival chances of newborn pigs. This review describes the individual clinical syndromes
for each age group and evaluates the welfare consequences of the severity and duration of the
syndromes.

C2. Introduction of the disease

Aujeszky’s disease (AD)/pseudorabies or ‘Mad itch’ is a latent infection with suid Herpesvirus 1 in
swine acting as reservoir hosts for spontaneous transmission to other species, e.g. cattle and pets
regarded as dead end hosts. Both morbidity and mortality are age dependent. Piglets suffer wel-
fare impacts due to the severe CNS impairment of encephalitis leading to painful symptoms like
convulsions and opisthotonus with fatal outcomes. Weaned and adult pigs are more prone to pro-
duction losses as they rather suffer from respiratory and reproductive impairment e.g. abortion,
agalactia and smaller litter sizes than the occasional fatal CNS involvement leading to sudden
death. Secondary bacterial infections further enhance the negative welfare consequences and
production losses. Swine do not show signs of local pruritus leading to the ‘mad itch’ described in
ruminants.

Effective vaccines reducing viral shedding and improving survival of especially piglets are available.
However, the use of these vaccines is not allowed in countries that have been declared free form
disease.

C3. Methods
C3.1. Clinical signs, severity, duration, and mortality/case-fatality
A systematic review within PubMed was performed using the search terms:

(Aujeszky’s disease or pseudorabies and (sow* or pig* or swine) and (clinical sign* or clinical dis-
ease or death or mortality )) 383 hits -> + not (vacc*) 201
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Exclusion criteria for the systematic review: a) not original study of clinical disease (this had to be
evident from abstract); b) not cattle; c) language: non-English; d) comorbidities; and not vac-
cine/vaccination.

A total of 383/201 hits were identified at the search on August 26-29 2019. After assessment of
the titles/abstracts and inclusion of publications identified by snowballing, a total of 15 peer-
reviewed publications together with a number of official reports were included.

C3.2. Within- and between-herd prevalences /incidences in Denmark, Germany, Sweden, The
Netherlands UK and Spain

Based on the before mentioned literature search all available information on within- and between
herd prevalences of AD were extracted for the relevant countries. The EFSA report on Aujeszky’s
disease (More et al., 2017) also provided relevant information on several issues, amongst these
prevalence estimates. Furthermore, links to official and/or federal websites regarding the respec-
tive countries eradication programme were also investigated for possible references on both his-
torical and present prevalence estimates.

C4. Results

C4.1. Clinical signs, severity, duration, and mortality/case-fatality

Consequences of natural occurring pseudorabies infections vary across the virulence of strains,
age groups of infected animals and previous exposure (Mettenleiter et al., 2019; Lee and Wilson,
1979; Kluge et al., 1999). Hence, the following section will describe the typical infection character-
istics mentioned above within a given age group. Whereas strain virulence determines the type of
infection; characterized by highly virulent strains inducing neurological signs and less virulent
strains affecting the respiratory tract (Mettenleiter et al., 2019); the route of infection and the age
and immune status of the animal determines the severity and the outcome of the infection (Nau-
wynck, 1997). Incubation periods have been reported lasting between 1-11 days. Since viral shed-
ding occurs in the nasal discharge from infected animals from the onset of clinical signs and lasts
up to 21 days (Radostits et al., 2007; Kluge et al., 1999; Nauwynck, 1997), transmission occurs
rapidly and morbidity often reaches 100 % and acute outbreaks may last for 1-2 months.

C4.1.1. Piglets

Suckling piglets are highly susceptible to AD infections with a short incubation period of only 2 to 4
days (Pomeranz et al., 2005; Kluge et al., 1999; Inch, 1998). The initial febrile response leads to
listlessness and reluctance to nurse and symptoms rapidly progress into more specific CNS signs
like trembling, hypersalivation, incoordination of the hindlimbs leading lateral recumbency and
further progressing into convulsions and opisthotonus. Due to the extreme challenges caused by
the viral encephalitis; piglets succumb within 24 to 36 hours after the onset of CNS signs. Mortality
is as high as a 100 % in piglets up to two weeks of age (Lee & Wilson, 1979; Pomeranz et al., 2005;
Inch, 1998).
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C4.1.2. Weaners and finishing pigs

As the pathogenicity declines with age, signs of the infection in weaned pigs (> 3-4 weeks of age)
are less severe. Animals may still show CNS signs such as trembling, tremors or incoordination of
the hindlimbs; however, mortality of 50 % are seen and these decrease further as pigs develop
immunity with increasing age. In pigs aged 4-6 month mortality rates typically are 5 % (Radostits et
al., 2007; Nauwynck, 1997) and symptoms of infection rather present as febrile responses, depres-
sion/anorexia and/or vomitus. Respiratory signs ranging from nasal discharge to severe dyspnea
may also become evident, as pigs no longer necessarily die from the neurological impact of the AD
infection. Nonetheless, due to the higher stocking density among weaners and finishers the risk of
contracting secondary bacterial infections increases.

C4.1.3. Adult pigs

Neurological signs may be present in adult pigs; however, the hallmarks of the infection amongst
animals within this age group are respiratory signs. Initially, the clinical manifestations of AD are
rhinitis with sneezing and nasal discharge later progressing into pneumonia (Kluge et al., 1999). In
up to 20 % of the cases reproductive failure with varying outcome is seen. Transplacental virus
transmission within the first trimester causes necrotizing placentitis and endometritis leading to
abortion and/or mummification or reabsorption of fetuses (Pomeranz et al., 2005). Infections in
the second and third trimester also lead to stillbirth or to weak piglets dying shortly after birth.
Piglet death may be due to necrotic lesions within vital organs (Kluge & Maré, 1976) or to malnu-
trition caused by the affected sow having agalactiae. Affected sows will become infertile. In boars
scrotal edema may be exhibited (Mettenleiter et al., 2019).

Table C1. Clinical manifestations/disease stages amongst different age groups of Aujeszky’s dis-
ease infections, duration and implications for animal welfare

Clinical manifes- Typical signs Frequency Duration Welfare implications
tation of signs.

Morbidity

/mortality
Piglets in utero ENCEPHALITIS Mort: 100% Death within Severe

Shaking/shivering two days post

partum
Sudden death
Piglets (< 3 FEBRILE RESPONSE High mor- 2-3 days Severe
weeks) bidity and Death can oc-
mortality _
ENCEPHALITIS ates: 100y T WIRIN A2 Ep cephalitis symp-
) hours from inful
lethargy, weak- o toms are very painfu
’ onset of clini-

ness/appetite loss, cal signs
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incoordination, convul-

sions, (vomitus, diar-

rhea)
Weaners & fin- FEBRILE RESPONSE Mort: 10-20 Severe
isher pigs (>3 %
weeks) 5 o
ENCEPHALTIS ° Severe infections
Loss of appetite (Radostits cause welfare prob-
etal., 2007) lems due to painful
Somnolence consequence of en-
Trembling/convulsions Mort: 50 % cephalitis and subse-
paralysis (Nauwynck, quent mortality
1997)
RESPIRATORY SIGNS
Sneezing, nasal dis- Possible sequelae:
charge, coughing, pressu,re S0res
dyspnea (Segalés et al., 2003)
Adults FEBRILE RESPONSE Mort: less Moderate
than 5%
RESPIRATORY (depending Possible sequelae:
on viru-
lence of
ENCEPHALITIS (occa- strain) Weight loss Second-
sionally) ary bacterial infec-
S tions
Incoordination of 1-2 %
hindlimbs (Pomeranz Weak piglets
et al.,2005; Pressure sores
ABORTION Mettenleite
retal.,
Vaginal dis- 2019)

charge/mummification

Agalactia

Weak piglets
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C4.2. Within- and between-herd prevalences /incidences in Denmark

Clinical AD infections were described in Danish pigs for the first time in 1964. While the disease
was eradicated from breeding herds by 1969, the remaining herds still struggled with infections
until a joint eradication campaign by the industry and the authorities was launched in 1980. By
1986, AD was eradicated from Denmark apart from epidemic incursions along the Danish-German
border (Christensen et al., 1993). The eradication program was successful and by 1991 Denmark
obtained the official disease-free status.

In 2017 the Danish surveillance scheme found 1 test-positive among 32,832 samples tested for
antibodies to AD by ELISA. This particular animal turned out to be an imported animal. Further six
animals tested positive at export control. However, all seven suspicions were revoked by the sub-
sequent neutralization test (DTU Veterinaerinstituttet, 2018).

C4.3. Within- and between-herd prevalences in selected other countries

At present Denmark’s closest neighboring countries Germany and Sweden share the AD disease
free status. Initially, the AD prevalence in Germany was as high as 70 % seropositive sows in 1993,
but due the implementation of a vaccination and eradication program this was reduced to 1 %
over a five year period. Germany obtained disease free status in 2002. Since wild boars act as a
natural infection reservoir for AD, disease monitoring within the wild boar population is per-
formed on federal level. Reported prevalence estimates range between 2-29% and together with
hunting dogs being regularly infected, AD is still a threat to pig populations on both sides of the
terrestrial border between Denmark and Germany.

The Swedish pig population showed a general lower between-herd prevalence of 9 % in 1990 (An-
dersson et al., 1997), when the eradication program was launched and, therefore, quickly reached
the disease free status in 1996.

AD had been endemic in the Netherlands when the eradication program was launched in 1993.
Seroprevalences in sows between 10-32 % and 1-18 % in finishing pigs in 1994 declined to 0.5 %
for both age groups by 1998 (Elbers et al., 2000). Disease free status was not obtained until 2009.

In the UK the AD eradication program was initiated in 1983 where the incidence of AD peaked
with 0.18 % between pig herds (Onneile et al., 2011). Great Britain has officially been disease free
since 1991, while Northern Ireland obtained this status in 2012 (DEFRA, 2019).

Sporadic cases of infected domesticated herds still occur frequently in the southern European re-
gions like Spain and France. Especially in regions, where contact to the wild boar population is pre-
sent, these cases still occur. The seroprevalence among the wild boar population in Spain was at
30% in 2017 (MAGRAMA, 2018). Lately, in April 2019 five animals from two different domestic pig
herds in Southern France were confirmed as clinical cases, due to contact with wild boars (DEFRA,
2019 a). Miller et al. (2010) reported AD virus being isolated from wild boars and hunting dogs in
Germany, Austria, France, Spain, Italy, Slovakia and Hungary.
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Table C2. Summary table of seroprevalences of infections with Aujeszkys’disease in endemic areas
prior to the initiation of control programs

Infection stage Population level

Individual level (in infected Herd level (presence of any

herds) animal with infection stage)
Sows 1-18%
Weaners & finishers 10-70 % 0.2-9%
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D. Porcine Reproductive and Respiratory Syndrome in Pigs — systematic search and review of
clinical manifestations

By Anne Kirstine Manly Andersen and Matt Denwood

D1. Summary
Porcine Reproductive and Respiratory Syndrome in Pigs — systematic search and review of clinical
manifestations.

Porcine Reproductive and Respiratory Syndrome (PRRS) is an extremely widespread viral pathogen
of pigs that is associated with substantial economic costs worldwide. In affected countries with no
control measures, which represents the majority of European states including the UK, Netherlands
and Spain, up to 90% of animals are affected in some way by the disease. Although clinical symp-
toms in adult animals are most frequently mild and transient, the disease is associated with sub-
stantial welfare concerns in piglets. Given the high between-herd prevalence and extremely high
morbidity associated with PRRS, the potential overall welfare implications of the disease are there-
fore substantial.

D2. Introduction

Porcine Reproductive and Respiratory Syndrome (PRRS) is a relatively recently described syn-
drome, having first been reported in the United States and Canada in 1987, and known variously
as Mystery Swine Disease, Swine Infertility and Respiratory Syndrome, Blue-ear Pig Disease, and
Porcine Epidemic Abortion and Respiratory Syndrome (S. A. Hopper et al. 1992, Wensvoort 1993,
Done et al. 1996). Following identification in Germany and the Netherlands in 1990, PRRS spread
rapidly through Europe as well as the Far East (Done et al. 1996, Wensvoort 1993), and has be-
come one of the most economically important infectious diseases in pig production (Pejsak &
Markowska-Daniel 1997, Nathues et al. 2017).

PRRS is caused by the Lelystad virus or PRRS virus; an RNA virus with a high rate of mutation lead-
ing to several distinct circulating strains of the virus (Rossow 1998), of which the first was isolated
in the Netherlands in 1991 (Wensvoort 1993). Two strains are known to be circulating in Denmark:
the European type PRRS-1 and the American type PRRS-2 (Antunes et al. 2015). Of these, the
American type is associated with somewhat higher pathogenicity (Jeong et al. 2018), although less
than that when it was originally identified in the United States (Blaha et al. 2000). PRRS virus can
be transmitted horizontally through contaminated body fluids, especially through direct contact
during social behaviour, as well as vertically by infecting foetuses in utero (More et al. 2017). The
most frequently observed clinical symptoms of PRRS can be ascribed to two main syndromes: res-
piratory and reproductive. The respiratory syndrome is most often observed during the initial
stages of infection within a herd, and includes a wide variety of symptoms typically including fever
and dyspnoea, but also potentially coughing, sneezing, and sudden death. It is most prominent in
nursery piglets, but can be seen in all age groups (Rossow 1998, Hopper et al. 1992, Baron et
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al.1992, Done & Paton 1995, Pejsak & Markowska-Daniel 1997). The reproductive syndrome is
associated with premature farrowing, abortions, increased numbers of stillbirths, mummifications,
weak born piglets, and an increase in reported returns to service (Jeong et al. 2018).

Once the initial epidemic phase of infection has subsided, the endemic state of PRRS within a herd
is often subclinical, meaning that the respiratory syndrome is no longer observed and the herd
productivity returns to acceptable levels within a few months (Nodelijk 2002). However, an im-
portant characteristic of PRRS is the variation in the range of clinical effects seen both at the herd
and individual animal level (Wensvoort 1993, Done et al. 1996), and reproductive problems are
recurrent in endemically infected herds (Nodelijk et al. 2003). It is also important to note that un-
less regional efforts are made to control an epidemic outbreak of PRRS, the infection typically be-
comes endemic within the population and is subsequently associated with an increased risk of
infection and subsequent clinical disease for other herds within that area (Antunes et al. 2015).

PRRS has received increasing interest in recent years, and various control efforts have been im-
plemented in an effort to limit the spread of infection. However, the motivation for control of the
disease appears to be primarily driven by the economic consequences of infection, in particular
the reproductive syndrome. The overall aim of this work was therefore to assess the potential wel-
fare implications of PRRS infection within Denmark, with specific objectives to (a) summarise the
clinical signs associated with different syndromes of PRRS infection, (b) estimate the within-herd
prevalence of these syndromes, and (c) estimate the between-herd prevalence of infection within
a number of EU countries with different approaches to control of the infectious agent.

D3. Methods

D3.1. Clinical signs, severity, duration, and mortality/case-fatality
A systematic review within PubMed was performed on 23rd September 2019 using the search

terms:

(“Blue Ear” OR PRRS OR “porcine reproductive and respiratory syndrome”) AND ("clinical sign*"
OR “clinical disease OR death OR mortality) AND (pig* OR swine OR piglet* OR weaner*)

Abstracts from these were assessed by one reviewer and the following exclusion criteria were
used: non-English or non-German language, not on clinical disease or signs, paper not from Eu-
rope, Canada, or the United States of America, experimental, vaccination or genetic studies. Re-
view articles were included. All information regarding description, symptoms and severity of clini-
cal signs was extracted, summarized and tabulated.

D3.2. Within- and between-herd prevalence/incidence in Denmark, Sweden, the United King-
dom, the Netherlands and Spain

Recent information on the within- and between-herd prevalence of PRRS within various EU coun-
tries was identified from the literature search as summarised above, with a particular emphasis on
estimates from Denmark, Sweden, United Kingdom, the Netherlands and Spain. Information was
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also extracted directly from a highly relevant European Food Safety Authority (EFSA) report (More
et al. 2017).

D4. Results

DA4.1. Clinical signs, severity, duration, and mortality/case-fatality

The search produced a total of 638 hits, of which 34 articles were deemed to match the inclusion
criteria. These articles focused to a large extent on the economic consequences of PRRS, and with-
in-herd dynamics of infection as relevant to control of the disease. Although not the primary inter-
est of this report, a brief summary of these findings is given here. Initial infection with PRRS virus is
described as being associated with a period of respiratory symptoms followed by a period of re-
productive disorders (Baron et al. 1992). A small study in 1994 showed that sentinel pigs intro-
duced to a herd already infected with PRRS developed fever, and that pigs in the nursery section
were affected for a longer time than were finishers (Bilodeau et al. 1994). The virus can persist in
the individual animal for up to six months post infection, and in-utero infection has been demon-
strated for piglets from a sow that has been sero-negative for several months (Wensvoort 1993).
Experimental studies, however, suggest that persistent infection rarely last longer than 200 days
(Lunney et al. 2010). Infection is therefore more likely to die out in small herds relative to bigger
herds, where the virus can circulate and therefore persist (Wensvoort 1993, Nodelijk et al. 2003).
Maintaining a closed herd and unidirectional flow of pigs and humans within the farm seems to be
efficient in stabilizing an infected herd (i.e. weaning PRRS-negative pigs from seropositive sows) in
combination with vaccination (Berton et al. 2017).

In general, the clinical signs were described in less detail than were the issues summarized above,
but sufficient detail was given to these aspects in order to be able to group the clinical signs into
syndromes associated with PRRS infection. These syndromes are given below and summarized in
Table D1. However, it is important to note that the severity and duration, as well as the clinical
signs themselves, vary greatly between herds. In particular, some infections lead to severe disease
and others remain subclinical (Baron et al. 1992, Goyal 1993, Reeth 1997, Mengeling et al. 2000,
Young et al. 2010).

D4.1.1. Epidemic syndrome of sows and boars

In the acute stages of infection in sows there are consistent reports of anorexia, fever, lethargy
and respiratory difficulties, although the severity of these signs varies between affected sows. An-
orexia develops in late-stage gestation sows before those in earlier stages of gestation, but as the
infection spreads through the herd anorexia can be seen in all sows, including to a limited extent
in dry sows. When a large herd is infected a "rolling inappetence” can often be observed as the
infection progresses through the herd (Goyal 1993, Nodelijk 2002). Fever followed by lethargy and
respiratory signs such as coughing, sneezing, and hyperpnoea are also seen in the acute stages of
infection of a naive herd. In about 1% of cases a cyanotic blue or reddish discolouration of the
ears, abdomen and vulva can be observed for a short period (Baron et al. 1992, Hopper et al. 1992,
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Goyal 1993, Done & Paton 1995, Pejsak & Markowska-Daniel 1997, Sinn et al. 2016, Balasuriya &
Carossino 2017).

In boars, infection with PRRS virus most often goes unnoticed. Rarely, animals show transient clin-
ical signs similar to the sows such as fever, lethargy, and anorexia and in addition sometimes a loss
of libido (Done et al. 1996). However, virus can still be transmitted through semen, thus making
subclinical infected boars a great risk of further spreading of the virus, if the semen is used for arti-
ficial insemination (Prieto & Castro 2005, Nathues et al. 2016). This has been demonstrated by an
outbreak in Switzerland in 2012 and in a more recent case of PRRS infection involving a Danish
boar stud (Prieto & Castro 2004, SEGES 2019).

D4.1.2. Endemic syndrome of sows

After the acute phase of infection has passed, infection is primarily manifest as reproductive prob-
lems such as an increase in abortions, premature births, stillbirths, mummifications, and returns to
service (Jeong et al. 2018). No other clinical signs are consistently reported.

D4.1.3. Nursery syndrome

Clinical signs associated with infection of piglets in utero or shortly after birth include poor growth
rate, anorexia, fever, respiratory distress, diarrhoea, anaemia, roughened hair coats, periorbital
oedema, conjunctivitis, domed head shape, and muscle tremors. Additional signs including statue-
like standing, splay-leggedness or posterior paresis that will eventually turn into weakness and
ataxia have also been reported (Baron et al. 1992, Hopper et al. 1992, Wensvoort 1993, Done &
Paton 1995, Pejsak & Markowska-Daniel 1997, Sinn et al. 2016,). Severe haemorrhage or bruising
can be seen at navel sites and after injection or tail docking (Hopper et al. 1992). Nursery problems
are often preceded by an acute infection of PRRS, but may also be cyclical with alternating prob-
lem periods and periods of improvement (Done & Paton 1995). Another important aspect is im-
munomodulation associated with PRRS infection, which can predispose the animal to secondary
infections (Lewis et al. 2007, Sinn et al. 2016, Dee et al. 2018).

D4.1.4. Weaner/finisher syndrome

The most common clinical signs are short periods of anorexia, respiratory disorders and transient
discolouration of the ears (Hopper et al. 1992, Wensvoort 1993), although in general these symp-
toms are relatively mild.

Table D1. Overview of the clinical syndromes associated with PRRS, including typical duration,
morbidity and mortality rates within infected herds.

Syndrome Typical signs Frequency of signs Duration Welfare Im-

plications
Epidemic Anorexia, fever, Morbidity: 5-50 % 2 days — 2 weeks Moderate
(sows and lethargy, respirato- (Done et al. 1996) (Goyal 1993)

ry difficulties, cya-
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boars) nosis

Endemic Reproductive prob-

(sows) lems including
abortion, stillbirth,
and returns to ser-
vice

Nursery Poor growth, ano-

rexia, fever, respir-
atory distress, diar-
rhoea, anaemia,
congenital abnor-
malities, weakness,
ataxia, haemor-
rhage, immuno-
modulation

Weaner and Transient anorexia,

finisher respiratory disor-
ders, and discol-
ouration of the

ears

Mortality: 0-1.5 %
(Hopper et al. 1992)

Morbidity: ~100%
Mortality: Negligible
(Jeong et al. 2018)

Morbidity: Up to 80%

Mortality: Highly var-
iable, but potentially
up to 100% of the
clinically affected an-
imals

(Done and Paton
1995)

Morbidity: 4-47 % (de
Paz et al. 2015)
Mortality: Negligible
(Hopper et al. 1992)

Abortions 10 weeks—  Mild
6 months (Rossow

1998)

Performance may
return to normal or
stay slightly below
pre-infection levels
(Goyal 1993)

Highly variable de- Severe
pending on clinical

signs from a few days

to the (potentially

reduced) lifetime of

the piglet (Blaha et al.

2000, Nodelijk 2002)

5-7 days (Goyal 1993) Mild

D4.2. Within- and between-herd prevalence/incidence in Denmark, Sweden, the United King-
dom, the Netherlands and Spain

PRRS is currently enrolled in the Danish SPF programme, so relatively good data is available in
terms of between-herd prevalence within Denmark. Ongoing monitoring suggests that herd-level
PRRS positivity has been reduced from 44% of Danish SPF herds in 2007 to 26% of Danish SPF
herds in 2018 (SEGES 2019). Studies of all Danish swine herds indicate a seropositive rate of ap-
proximately 40% in 2015 and 35% in 2017 (Antunes et al. 2015, Kvisgaard et al. 2017). It is there-
fore reasonable to assume that PRRS virus is currently present on approximately 1/3 of Danish pig
herds, or at a somewhat lower rate on SPF herds. This can be contrasted with higher herd-level
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prevalence estimates for other EU countries with no comparable control programme, for example
80-95% in Italy and Spain.

The available data on within-herd prevalence of infection is somewhat harder to interpret. For
example, an outbreak of PRRS in France 1997 reported an extremely large range of within-herd
prevalence of 0% - 95% (Le Potier et al. 1997). Furthermore, data from a range of European con-
texts reveals large differences in case-morbidity rates depending on the clinical signs in sows. For
example, pyrexia is observed in 1-10% of sows, 1-2% of sows abort, returns to service are seen in
10-50% of cases, 7-35% of sows may deliver stillborn piglets, and 1-20% of sows farrow before 110
days of gestation (More et al. 2017). Interviews of veterinarians were used by de Paz et al. (2015)
to estimate the animal-level prevalence of PRRS across the EU (Table E2). The total animal-level
prevalence estimates of 36% for sows and 26% for weaner/finisher pigs for Denmark imply a with-
in-herd prevalence of ~90% for sows and ~65% for weaner/finisher pigs based on the correspond-
ing herd-level prevalence of 40% reported in 2015. The reported animal-level prevalence esti-
mates for the UK, the Netherlands and Spain are substantially higher than those for Denmark, pre-
sumably reflecting higher herd-level prevalence in these countries. By extrapolating from the es-
timates provided for Denmark, it follows that the herd-level prevalence for Spain in particular is
close to 100%. In contrast, Sweden is registered as free of PRRS (More et al. 2017).

Table D2. Point estimates of animal-level prevalence in 10 EU countries, after de Paz (2015). Coun-
tries of specific interest to this report are shown in bold.

Infected sows Infected weaner/finisher pigs
with clinical signs without clinical with clinical signs without clinical
signs signs
Germany 12% 44 % 19% 43 %
France 18 % 47 % 21% 40 %
Netherlands 14 % 59 % 21% 43 %
Denmark 10 % 26 % 5% 21%
Spain 10% 79 % 18 % 60 %
Austria 17 % 27 % 23 % 17 %
UK 13% 39 % 16 % 31%
Italy 47 % 46 % 52 % 38%
Belgium 22 % 69 % 31% 57 %

Poland 13 % 41 % 18 % 39%
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Of the disease syndromes discussed in the previous section, the endemic syndrome of sows and
weaner/finisher syndrome are likely to have the least impact on animal welfare. The wean-
er/finisher syndrome is associated with only mild clinical signs in a variable proportion of animals,
and the syndrome is typically short-lived and without lasting consequence for the animals. The
endemic syndrome of sows has an extremely high prevalence, but it is almost entirely limited to
reproductive issues. Abortion, stillbirth and returns to service are not likely to be directly causa-
tive of physical discomfort in the sows, although the extent to which the behavioural and/or cogni-
tive state of the animals may be affected is difficult to assess. The epidemic syndrome of sows and
boars is associated with a greater welfare compromise to the affected animals, as well as a modest
mortality rate, but is typically short-lived within a herd following initial introduction of the disease.
The principle syndrome of concern to animal welfare is therefore likely to be the nursery syn-
drome. This syndrome is associated with a wide variety of clinical signs, many of which (e.g. ano-
rexia, fever, diarrhoea, respiratory distress) may be associated with a substantial impact on wel-
fare over a limited time period, and some of which (e.g. congenital abnormalities, poor growth
rates, immunomodulation) may be associated with a relatively smaller impact that continues over
the lifetime of the animal.

Given the high morbidity of the disease on affected farms, we therefore consider that PRRS may
have a large impact on animal welfare. The recent reduction in herd-level prevalence in Denmark
relative to the UK, Netherlands and in particular Spain has therefore most likely had a substantial
positive impact on animal welfare in Denmark, and achieving the disease-free status of Sweden
would further improve the situation. However, before affecting a control programme for PRRS it is
also important to consider that the welfare implications of the epidemic syndrome of sows and
boars may become relatively more important if the risk of re-introduction of PRRS onto a naive
farm is sufficiently high. It is therefore likely to be preferable from an animal welfare perspective
to focus efforts on limiting inter-farm spread before enforcing eradication of the disease on farms
that are at a high risk of reinfection. Fortunately, this goal is likely to be reasonably well aligned
with the economic drivers of disease eradication.
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