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Abstract

Porcine circovirus type 2 (PCV2) is often quantified by real-time polymerase chain reaction (QPCR)
from pooled serum samples or penwise oral fluid (OF) samples. Since PCV2 can be detected in faeces,
sock samples may be used as an alternative method for quantification of PCV2. The objectives of the
study were to compare the PCV2 viral load in pooled serum samples, OF and faecal sock samples
collected in the same pens, and to assess the impact of individual pig’s viral load on a pooled serum
sample.

The study was carried out as a cross-sectional study in one Danish finisher herd, with a history of
PCV2 infection, and a positive laboratory screening result for PCV2. Sock samples, OF samples and
blood samples were collected for qgPCR analysis from all individual pigs in each of 17 pens with pigs
14-15 weeks of age (Age-group 1) or 18-19 weeks of age (Age-group 2). Two serum pools from each
pen were assembled in the laboratory. One pool including all the pigs in the pen (serum (all)), and
one pool including only serum from pigs chewing the rope during OF collection (serum (chewers)).
During collection of OF, 52.2% - 100% of the pigs in each pen chewed the rope. For Age-group 1,
barely moderate correlations were observed between PCV2 viral load in OF and serum (all) (r =0.5,
p=0.45) and OF and serum (chewers) (r = 0.51, p = 0.04). No correlations were observed for Age-
group 2. Furthermore, the PCV2 viral load in OF was significantly higher than in serum pools, and a
high variation in the PCV?2 viral load in serum from individual pigs within pens was observed.

A barely moderate, negative correlation (r = -0.5, p = 0.04) between the PCV2 viral load in faeces
from sock samples and serum (all), Age-group 2, while no significant correlation was observed for
Age-group 1. Individual serum samples from seven pens revealed that four out of seven pens
contained only one or two pigs with a PCV2 viral load as high as the matched serum (all).

The results from this study indicates, that neither a good agreement nor a strong correlation between
the PCV2 results obtained from the different sample materials exists. The poor correlation may be
because of differences in how the pools are made, and a result of a high variation in the PCV2 viral
load in individual pigs within and between pens.

In addition, when interpreting serum pools, it is important to keep in mind that one pig with an

apparently high PCV2 virus load can cause an increase in serum pool results.

Keywords: Porcine circovirus type 2, correlation, oral fluid, serum, faeces, diagnostics.



Resumé

Porcine circovirus type 2 (PCV2) kvantificeres ofte ved real-time polymerase chain reaction (QPCR)
pa poolede serum prover eller ud fra stibaserede spytprever opsamlet med reb. Eftersom PCV2 kan
detekteres i feeces, kan sokkeprever muligvis anvendes som en alternativ metode til kvantificering af
PCV2. Formalet med dette studie var at sammenligne PCV2-niveauet i poolede serumprever,
spytprover og fekale sokkeprover, samt at vurdere hvilken pavirkning individuelle grises PCV2-
niveau havde pé den poolede serumpreves load.

Studiet blev udfert som et tversnitsstudie i en dansk slagtesvinebesatning, med en historik om PCV2
infektion samt et PCV2 positivt screeningssvar. [ 17 stier blev der udtaget sokkeprever, spytprover
og blodprever fra alle grise i stien til gPCR-analyse, i hver af to aldersgrupper i alderen 14-15 uger
(Aldersgruppe 1) og i alderen 18-19 uger (Aldersgruppe 2). Fra hver sti, blev der i laboratoriet
udferdiget to serum pools. Den ene pool bestod af serum fra alle grisene i stien (serum (all)) og den
anden pool inkluderede kun serum fra grise, som tyggede i rebet under opsamlingen af spytproven
(serum (chewers)).

Under opsamlingen af spytproven tyggede mellem 52.2% - 100% af grisene i rebet. I Aldersgruppe
1 blev svagt moderate korrelationer fundet mellem PCV2-niveauet i spyt og serum (all) (r = 0,5) og
PCV2-niveauet i spyt og serum (chewers) (r = 0,51). Der blev ikke fundet nogen korrelation mellem
PCV2-niveauet i serum og spyt i Aldersgruppe 2. Udover dette blev det ogsa fundet at PCV2-niveauet
1 spyt var signifikant hgjere end i serum i begge aldersgrupper, og der blev observeret en hgj variation
1 PCV2-niveauet i serum indenfor og i mellem stierne.

En svag moderat korrelation (r = -0,5) mellem PCV2-niveauet i sokkepreover og serum (all) blev
fundet i Aldersgruppe 2, imens ingen signifikant korrelation blev fundet for Aldersgruppe 1.
Individuelle serum prover fra syv stier afslerede, at der i fire ud af syv stier kun var én eller to grise
med et PCV2-niveau lige sa hgjt som niveauet i den matchede serum (all).

Resultaterne fra dette studie indikerer, at der hverken er en god overensstemmelse eller en staerk
korrelation mellem PCV2-resultaterne i de forskellige prevematerialer. De lave korrelationer, kan
vare som folge af forskelle i maden de forskellige pools fremkommer pé, og den heje variation inden
for og mellem stierne. Ydermere er det vigtigt at der ved fortolkning af resultat fra serum pools,
huskes pa, at én gris med et tilsyneladende hgjt PCV2-niveau, eventuelt kan forarsage en stigning i

serum pool resultatet.

Nogleord: Porcine circovirus type 2, diagnostik, spyt, serum, faeces, slagtesvin, korrelation.



Abbreviations

ADWG - Average Daily Weight Gain

CT value - Cycle Threshold value

DNA - Deoxyribonucleic acid

dNTPs - Deoxynucleotide Triphosphate

DTU-VET - Danish National Veterinary Institute at the Danish Technical University

ELISA - Enzyme-linked immunosorbent assay

IHC —Immunohistochemistry

ISH - In situ hybridization

mRNA — Messenger RiboNucleic Acid

NTC threshold — No template control

OF — Oral fluid sample

OREF - Open reading frame

PBS - Phosphate-buffered Saline

PCR - Polymerase chain reaction

PCV — Porcine Circovirus

PCVD — Porcine Circovirus associated Disease

PDNS — Porcine Dermatitis and Nephropathy Syndrome

PMWS — Postweaning Multisystemic Wasting Syndrome

PRDC - Porcine Respiratory Disease Complex

PRRS — Porcine Reproductive and Respiratory Syndrome

PRRSYV - Porcine Reproductive and Respiratory Syndrome Virus

qPCR - Quantitative real-time PCR

RNA - RiboNucleic Acid

Serum (all) — serum pools containing serum from all the pigs in the pen

Serum (chewers) - serum pools containing serum from the pigs chewing the rope during collection
of oral fluid.

SPF — Specific pathogen free
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1 Introduction

In the late 1990s, the emergence of a new disease named postweaning mulitsystemic wasting
syndrome (PMWS), lead to the discovery of PCV2 which differed in nucleotide and protein sequence
from the formerly known PCV1 (Ellis et al., 1998; Meehan et al., 1998). PCV2 has since been
associated with diseases such as PMWS, PDNS, reproductive failure and subclinical infection,
collectively known as PCVD (Harms, Halbur and Sorden, 2002; Meng, 2013). Today the most
common manifestation of PCV2 infection is subclinical PCVD (Segalés, 2012). Due to the potential
negative impact on economically important production parameters, such as the average daily gain,
the lean percentage and mortality rate (Young, Cunningham and Sanford, 2011; Alarcon, Rushton
and Wieland, 2013), diagnosis of subclinical PCVD may be of interest. To support a suspected PCVD
diagnosis, quantification of the PCV2 viral load in pooled serum samples is often used. The common
practice in swine veterinarian practices is to investigate pools of serum from five pigs in the age
groups to be investigated, thereby allowing for a herd diagnosis, but not an individual animal
diagnosis (Nielsen, 2017).

In recent years, penwise oral fluid (OF) collection has become an attractive diagnostic method among
swine veterinarians because it is a less labour-intensive method, are of lower stress to the animals
than collection of serum, and provide the possibility to include a bigger proportion of animals in one
sample, thereby further minimizing the cost associated with diagnostics (Prickett et al., 2008, 2011;
Ramirez et al., 2012).

Since sock samples have shown to provide an easy and fast method for testing of some bacterial
pathogens associated with intestinal infections (Pedersen et al., 2015), and PCV2 virus is excreted in
faeces (Shibata et al., 2004; Segalés et al., 2005; Grau-Roma et al., 2009), sock samples may provide
an even easier method than collection of OF for determination of PCV2 viral load on a group level.
The following master’s thesis contains a review on PCV2 in general, PCV2 viral load in serum, oral
fluid and faecal sock samples and diagnostic possibilities. Furthermore, it contains a research study
on associations between PCV2 viral load in serum, oral fluid and faeces from sock samples, and an

assessment of the impact of individual pig’s viral load on a pooled serum sample.
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2 Literature review

2.1 Historical background of PCV2

The first recognition of Porcine circovirus was in 1974 where a picorna-like virus contaminant of the
porcine kidney cell line PK-15 (A TCC-CCL31) was described (Tischer et al., 1974). Eight years
later in 1982, the virus was characterized as a 17nm virus containing a covalently closed, circular,
single-stranded DNA genome and a main capsid protein (Tischer et al., 1982). Because antibodies
against the virus were found only in pigs, it was suggested that the virus originated from pigs.
Apparently, it was a virus not yet encountered. It was decided to name it Porcine circovirus (PCV),
and it was assigned to the Circoviridae family (Tischer et al., 1982; Allan and Ellis, 2000). Later, in
a study by Tischer et al. (1986), it was discovered that antibodies against PCV were present in both
slaughter pigs and 2-3 year old sows in Germany. Over the next 10 years, serum PCV antibodies were
also demonstrated in pigs in Northern Ireland, Canada, New Zealand and Great Britain (Allan and
Ellis, 2000). In experimental pathogenicity studies regarding PCV, neither clinical signs nor
pathological lesions in organs from infected pigs were detectable. Due to lack of clinical disease and
the widespread seropositivity in the herds, PCV was thought to be a ubiquitous non-pathogenic virus
(Tischer et al., 1986, 1995).

In the late 1990s, a new disease named PMWS emerged. The disease was first described in Western
Canada, and later also in the United States and Europe (Chae, 2004; Segalés, 2012). In 1998 a
circovirus-like virus was discovered in organs from pigs suffering from PMWS (Allan et al., 1998;
Ellis et al., 1998). Meehan et al. (1998) discovered that the circovirus-like virus differed in nucleotide
and protein sequence from the PCV PK-15 isolate discovered in 1974. This lead them to the
conclusion that the circovirus associated with PMWS represented a new type of virus. The PCV PK-
15 virus was named PCV1, and the PMWS associated virus was named PCV2 (Meehan et al., 1998).
The first cases of PMWS in Denmark appeared around 2001. Upon analysis of archived serum

samples, it was found that PCV2 had been present in Denmark since 1982 (Dupont et al., 2008).

2.2 Characteristics of Porcine Circovirus

Circoviruses are non-enveloped viruses with icosahedral symmetry containing a single-stranded
circular DNA genome (Allan and Ellis, 2000). The genus Circovirus belongs to the family
Circoviridae which, among others, contain PCV (Chae, 2004). Three types of PCV have been
characterized including PCV1, PCV2 and the newly identified PCV3 (Tischer et al., 1982; Meehan
et al., 1998; Palinski et al., 2016). Despite the differences in pathogenicity between PCV1 and PCV2

they show an overall DNA sequence homology of 69% to 76%, with a homology between the viral
9
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capsid proteins of 67% (Hamel ef al., 1998; Cheung, 2003; Chae, 2004). In comparison, PCV2 and
PCV3 exhibit only 36 to 37% similarities between the capsid proteins (Palinski et al., 2016).

PCV2 is 17nm in diameter with a genome size of about 1768 nucleotides (de Boisseson ef al., 2004).
One capsid protein of 30 kDa, which is encoded by open reading frame 2 (ORF2), has been identified
(Nawagitgul et al., 2000). Together with open reading frame 1 (ORF1), which encodes for two
proteins essential for DNA replication, these two constitute the main viral genes of PCV2 (Meehan
et al., 1998; Mankertz et al., 2000; de Boisseson et al., 2004). Furthermore, open reading frame 3
(ORF3) encodes a small protein, which is suggested to be involved in virulence modulation
(Mankertz, 2012). The greatest variation in nucleotide sequence between different strains of PCV2 is
found in ORF2 (Larochelle et al., 2002).

PCV2 is a very stable virus exhibiting resistance to high temperatures and various pH conditions, but
some disinfectants have proven effective in reducing PCV?2 titters, including Virkon S (potassium
peroxymonosulfate + sulfamic acid) and sodium hydroxide (Royer et al., 2001; Patterson and
Opriessnig, 2010).

Isolates of PCV2 can be divided into five subtypes named PCV2a, PCV2b, PCV2¢, PCV2d and
PCV2e (Xiao et al., 2015; Davies et al., 2016). Under experimental conditions it has been shown that
cross-protection between PCV2a and PCV2b exists (Opriessnig et al., 2008). PCV2a, PCV2b and
PCV2c have been identified in Denmark. PCV2c¢ was identified in archived serum samples from
1980, 1987 and 1990, and PCV2a in serum samples from 1993 and 1996 (Dupont et al., 2008).
Around 2001, when the first cases of PMWS were identified in Denmark, there was a shift in genotype
occurrence from PCV2a to PCV2b (Vigre et al., 2005; Dupont et al., 2008). Analysis of PCV2
genome sequences from GenBank in 2007 showed that the same shift in genotype occurred
worldwide around 2003, which have resulted in PCV2b being the dominant genotype worldwide
(Dupont et al., 2008; Xiao et al., 2015).

2.3 Epidemiology and transmission

PCV2 is a ubiquitous virus in swineherds worldwide (Baekbo, Kristensen and Larsen, 2012). In 6234
serum samples from 185 grower/finisher sites in the United States a PCV2 prevalence of 82.6% were
found. Out of the 185 swineherds 99.5% had at least one positive serum sample (Puvanendiran et al.,
2011). A similar prevalence of 100% was found in a study from United Kingdom, where all the 114
swineherds investigated were found positive for PCV2 antibodies or PCV2 DNA (Wieland ef al.,
2010)

10
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In naturally acquired infections, PCV2 can be transmitted either vertically or horizontally (Grau-
Roma et al., 2009; Dvorak et al., 2013). The primary route of transmission is thought to be through
oro-nasal contact (Meng, 2013), but PCV2 is also excreted in faeces (Patterson et al., 2011), urine
(Segalés et al., 2005), semen (Larochelle et al., 2000) and colostrum (Shen et al., 2010).
Grau-Roma et al. (2009) suggested that the major spread of PCV2 under Danish field conditions
occurs in pigs between 4 to 6 weeks of age. However, a relatively high percentage of piglets has been
found positive for PCV2 virus in sera, nasal swabs and rectal swabs already in the first week of living,
which indicates that transmission from sows to piglets also occurs (Grau-Roma et al., 2009). The
transmission from sows to piglets is thought to occur both horizontally and vertically (Grau-Roma et
al., 2009; Dvorak et al., 2013).

Transmission of PCV2 within and between pens has been investigated in an experimental study by
Andraud et al. (2008), who concluded that transmission was more effective within pens than between
pens. This corresponds well to direct contact being the primary route of transmission (Dupont et al.,
2009).

PCV2 has been demonstrated in aerosols in swineherds (Verreault et al., 2010), and transmission
through air has been suggested by Dupont et al. (2009), since PCV2 infection in pigs located in an
on-site control unit during a transmission study occured. However, the possibility and importance of
transmission through air requires further investigation. In addition, although not considered the
primary reason for introduction of PCV2 to a naive herd, contaminated vehicles and vectors such as

wild boars, mice and vaccines are thought to be possible routes of transmission (Rose et al., 2012).

2.4 Pathogenesis

Even though PCV2 is associated with economically important diseases very little is known about the
pathogenesis. As previously mentioned, the primary route of transmission in naturally infected pigs
is thought to be through the oro-nasal route (Figure 1, a) (Dupont ef al., 2009; Meng, 2013). PCV2
has been detected in the nasal cavity, trachea-bronchial area, in the tonsils, in serum, in urine and in
faeces (Shibata et al., 2004; Segalés et al., 2005). Furthermore, it has been detected in oral fluid
(Prickett et al., 2008, 2011) and in foetuses (Park et al., 2005; Pittman, 2008). Lymphoid tissue is the
main target of PCV2 and lymphoid lesions can be observed in pigs suffering from PMWS (Rosell et
al., 1999).

Yu et al. (2007) suggested that the initial replication of PCV2 occurs in the lymph nodes nearest the

infection site, since capsid mRNA was detected earlier, and at a higher level in bronchial lymph nodes

11
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compared to inguinal lymph nodes, in pigs experimentally infected through the nasal route (Figure 1,
b).

Lymphocytes have been suggested to be the primary site of replication while the monocytes play a
role in PCV2 persistence in the infected host (Yu et al., 2007). PCV2 can also replicate in peripheral
blood mononuclear cells, but there is some evidence that this only takes place transiently, since
detection of capsid mRNA in these cells were only possible at one point during a study by Yu et al.
(2007).

During infection, PCV2 spreads to various organs such as liver, lungs, spleen and thymus, and it is
suggested to be either through haematogenous spread or by the means of peripheral blood
mononuclear cells (Figure 1, c-d) (Rosell ez al., 1999; Yu et al., 2007). The viremic period may persist
for a long period. This was shown by Patterson et al. (2011) who were able to detect serum PCV2
DNA for 181 days in naturally infected pigs.

PCV2 infection in lymphoid tissue may result in lymphoid depletion and lymphopenia in the
peripheral blood thereby causing immunosuppression (Meng, 2013). The lymphoid depletion is
dependent on the amount of PCV2 antigen present in the lymphoid tissue, but it is still not known
whether the depletion occurs as a consequence of virus-induced apoptosis, due to reduced
proliferation in secondary lymphoid tissue or due to reduced production in the bone marrow
(Opriessnig, Meng and Halbur, 2007; Meng, 2013).

The PCV2 associated disease which has gained the most attention is PMWS. The development of
PMWS are not fully elucidated, but it has been proposed that neutralizing antibodies serve as
protection for the development of PMWS (Brunborg et al., 2010). In addition, co-infections have
been proposed to increase the risk of developing PMWS (Pallarés et al., 2002). Further studies on the
importance of co-factors for the development of PMWS are required in order to fully understand the

pathogenesis. For an overview of the proposed pathogenesis see Figure 1.
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Figure 1: An overview of the proposed pathogenesis: a) Oro-nasal transmission occurs (green virus particle). b) Infection
is established in lymphoid tissue and replication of PCV2 primarily in the lymphocytes, within the lymph nodes occurs.
c-d) Haematogenous spread to organs (lungs, liver, spleen, thymus). e) Virus shedding e.g. through saliva, faeces and
urine (yellow particle) (Illustration by Rasmus Neumann,).

2.5 PCV2 associated diseases

Infection with PCV2 can give rise to different clinical presentations, collectively known as Systemic
Porcine Circovirus Disease (PCVD). The diseases associated with PCV2 infection are PMWS,
Porcine Dermatitis and Nephropathy Syndrome (PDNS), reproductive failure in sows and enteric
disease. Furthermore, PCV2 is one of the primary agents contributing to the development of Porcine

Respiratory Disease Complex (PRDC) (Opriessnig, Meng and Halbur, 2007).

2.5.1 PMWS

The most well-studied PCVD is PMWS. The clinical signs associated with PMWS are described as
unthriftiness, pallor of the skin, icterus, dyspnoea and rough hair coat with an increase in post-
weaning mortality rate especially due to weight loss and respiratory distress (Harding et al., 1998).
At necropsy, enlargement of at least one lymph node, non-collapsed lungs and pulmonary
consolidation can be evident (Baekbo, Kristensen and Larsen, 2012).

The course of PMWS infection can be protracted starting with subtle clinical signs. The mortality
rates can be as high as 30% in PMWS affected herds but are, among others, dependent on
management on the farm and co-infections (Segalés, Allan and Domingo, 2005). The disease is most
frequently observed in 2-4 month old pigs, but it has been reported in pigs ranging from 1- 6 months
of age (Harding and Clark, 1997; Segal¢s, Allan and Domingo, 2005).

Because of the ubiquitous nature of PCV2 and the various differential diagnosis to wasting, presence

of PCV2 and wasting in the pig is not enough to diagnose PMWS (Sorden, 2000; Patterson and
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Opriessnig, 2010). The diagnosis is made based on: 1) the occurrence of specific clinical symptoms
such as weight loss, wasting and respiratory distress, 2) the presence of PCV2-associated microscopic
lesions such as presence of basophilic intracytoplasmic inclusion bodies in the lymph nodes, tonsils
and Peyer patches of the ileum and moderate to severe lymphoid depletion, and 3) the presence of
moderate to high amount of PCV2 antigen and nucleic acids in the microscopic lesions determined
by immunohistochemistry (IHC) or in situ hybridization (ISH) (Harding and Clark, 1997; Sorden,
2000; Opriessnig, Meng and Halbur, 2007). For a definitive diagnosis, the findings described should
be present in order to exclude differential diagnosis, such as PRRS, M. hyopneumoniae and post
weaning diarrhoea as a cause of the clinical symptoms present (Harding and Clark, 1997). However,
this method is quite labour intensive, and quantification of PCV2 by qPCR in serum for confirming
or discarding a PMWS case on an individual animal level has therefore been suggested. The most
supported cut-off value for discriminating healthy pigs and PMWS affected pigs are 7 log;o PCV2
copies/ml serum (Brunborg, Moldal and Jonassen, 2004; Olvera et al., 2004; Segalés et al., 2005;
Grau-Roma et al., 2009). However, quantification of PCV2 viral load in serum cannot substitute
histopathology and detection of PCV2 antigen in tissues for individual PMWS diagnosis, because of

low diagnostic sensitivities and specificities (Grau-Roma et al., 2009).

2.5.2 PDNS

PDNS typically affects nursery and finisher pigs, but can affect adult pigs as well. The clinical signs
of PDNS are anorexia, depression, ventrocaudal subcutaneous oedema and high mortality rates
among affected pigs (Rosell et al., 2000). The most prominent clinical sign in the acute phase of
PDNS are the red-to-purple papules on the skin often located on the hind limbs, on the abdomen and
in the perineal area (Wellenberg et al., 2004; Segalés, Allan and Domingo, 2005). At necropsy, the
kidneys appear enlarged, grey-brown in colour and with petechial or multifocal white spots. At
histopathology, acute and chronic exudative glomerulonephritis accompanied by interstitial nephritis
are often present (Wellenberg et al., 2004). Even though PDNS has been well described, there is still
a need for more research concerning the role of PCV2 in causing the disease, as a recent study has

suggested that PCV3 might contribute to the development of the disease (Palinski ef al., 2016).

2.5.3 PRDC
PCV2 has been identified as a contributor to the development of Porcine respiratory disease complex
(PRDC), together with other viral pathogens such as Porcine reproductive and respiratory syndrome

Virus (PRRSV) and swine influenza virus (SIV) (Harms, Halbur and Sorden, 2002). Coughing,
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dyspnoea and lethargy are often prominent signs of the disease complex (Harms, Halbur and Sorden,

2002).

2.5.4 PCV?2 associated reproductive disorder
PCV2 associated reproductive failure is characterized by abortions and stillbirth, where PCV2 can be
identified in lymph nodes and the heart of aborted and stillborn foetuses. In some cases, necrotizing

myocarditis can be seen in the aborted foetuses (West et al., 1999; Park et al., 2005; Pittman, 2008)

2.5.5 PCV2 associated enteric disease

Enteric disease, with diarrhoea as the main clinical symptom, has also been associated with PCV2
infection (Jensen et al., 2006; Segalés, 2012; Baro, Segalés and Martinez, 2015). Colitis is the primary
cause of diarrhoea, but enterocolitis and enteritis have also been observed in PCV2 associated enteric

disease (Bard, Segalés and Martinez, 2015).

2.5.6 PCV2 subclinical infection

Even though PCV2 can give rise to the above mentioned diseases, the majority of the infected herds
are subclinical infected, and therefore no PCV2 associated clinical signs are present (Segalés, 2012).
However, subclinical PCV2 infections may be economically important as production parameters such
as the average daily gain, the lean percentage and mortality rate can be negatively affected (Young,
Cunningham and Sanford, 2011; Alarcon, Rushton and Wieland, 2013). The importance of the
subclinical infection on the average daily weight gain (ADWG) has shown to be dependent on the
PCV2 viral load, as Lopez-Soria et al. (2014) found that, at a higher PCV2 virus load the ADWG
was lower. Vaccination against PCV2 has shown to improve the aforementioned production

parameters in growing pigs (Young, Cunningham and Sanford, 2011).

2.6 PCV2 and co-infections

PCV2 has been demonstrated as the causative agent of PCVD in experimentally infected pigs and
piglets (Bolin et al., 2001; Ladekjer-Mikkelsen et al., 2002; Hasslung et al., 2005). Although it has
been established that PCV2 is essential in the development of PMWS, it is likely that cofactors are
necessary for the expression of the disease, since experimental infection with PCV2 alone has proven
to present a challenge in experimental reproduction of PMWS (Opriessnig, Meng and Halbur, 2007;
Meng, 2013). It has been done most consistently when PCV2 was inoculated together with other
swine pathogens such as Porcine parvovirus, porcine respiratory and reproductive virus and

Mycoplasma hyopneumonia (Allan et al., 1999; Rovira et al., 2002; Opriessnig et al., 2004). A field
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study, carried out in the United States between 2000 and 2001, support the hypothesis that
coinfections with other swine pathogens are necessary for development of severe PMWS. The study
showed that out of 484 diagnosed cases of PMWS only 1.9% were cases of singular PCV?2 infection.
The most common findings were PRRS and PCV2 coinfection (33.3%), PCV2 and M.
hyopneumoniae coinfection (19%) and PCV2, PRRS and M. hyopneumoniae coinfections (15.9%)
(Pallarés et al., 2002).

Co-infections may be an explanation for the development of clinical illness, but other factors such as
a high viral load seen in PMWS cases or environmental factors may also be of importance in
exacerbation of the illness (Brunborg, Moldal and Jonassen, 2004; Segalés, Allan and Domingo,

2005).

2.7 Strategies to control PCV2 infection

Various strategies to control PCV2 infection have been identified, including vaccinations. Several
vaccines have been developed in order to reduce the economic losses associated with PCV?2 infection.
At present, there are four commercial vaccines available on the Danish market, all of which can be
administered at 3 weeks of age (Medicintildyr.dk, 2017). A meta-analysis of studies regarding the
effects of PCV2 vaccines have shown that all four vaccines have proven to be effective in increasing
the average daily gain, and reducing mortality rate in grower/finisher pigs (Kristensen, Baadsgaard
and Toft, 2011). Vaccination has not proved to be effective in reducing mortality rate in nursery pigs
alone, but it can be reduced quite effectively in the nursery-finishing and finishing phase (4-5%-
point). From an economic perspective, this reduction might be the main reason for vaccination as the
increase in the average daily gain, although statistically significant, was found to be quite low
(Kristensen, Baadsgaard and Toft, 2011). Alarcon et al. (2013) have reported the economic efficiency
of different control strategies. It was found that in moderately PMWS affected farms and subclinically
infected farms, vaccination was the most cost-efficient strategy, whereas a combination of biosecurity
improvements and vaccination was the most cost-effective control strategy in severely PMWS

affected herds (Alarcon et al., 2013).

2.8 Sample materials for PCV2 detection and quantification

PCV2 can be detected and quantified by qPCR in different sample materials, including serum, OF
and faeces. The previously mentioned methods used to ensure a correct diagnosis of PMWS on an
individual animal level (see section 2.5.1) are quite labour intensive and does not allow for diagnosis
on live animals, as it involves necropsies and histological examinations on tissue from individual pigs

(Harding and Clark, 1997). Because of this, it has been investigated whether qPCR on serum could
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be used as an alternative method for diagnosing PMWS (Brunborg, Moldal and Jonassen, 2004;
Olvera et al., 2004; Segalés et al., 2005; Dupont et al., 2009). PCV2 infections in the herds are usually
subclinical and, as previously mentioned, may adversely affect the mortality rate and average daily
gain, thereby making subclinical PCVD economically important (Alarcon, Rushton and Wieland,
2013). For diagnosis of suspected subclinical PCVD, quantification of the PCV2 viral load in pooled
serum samples instead of individual serum samples are used, thereby minimizing the costs associated
with diagnostics (Nielsen, 2017). In swine veterinary practice the most common method is to pool
serum from five individual pigs. The diagnosis of subclinical PCVD is then made on a herd level
instead of on an individual animal level (Nielsen, 2017).

Another method for obtaining a sample, where a higher proportion of pigs are represented, is using a
cotton rope to collect an OF sample (see Figure 2).
OF has gained some attention, because it is a less
' labour-intensive method, are of lower stress to the
animals than collection of serum and provide the

possibility to include a bigger proportion of

animals in one sample, thereby further minimizing

“ 3 g A . | the cost associated with diagnostics (Hernandez-
Figure 2: Collection of oral fluid by a cotton rope. The

Individual pigs are allowed to chew the rope for 30 Garcia et al., 2017). The method for obtaining an
minutes before it is wrung to release OF (Picture: . . .
http:/landbrugsavisen.dk/svin/dit-foder-kan-veere-skyld-i-  OF sample comprises of hanging a cotton rope in

falske-laboratoriesvar) the pen. This allows individual pigs to chew on the

rope and thus contribute to the overall sample. The rope hangs for 30 minutes, after which it is wrung
to release the OF from the rope. The PCV2 viral load can then be quantified by qPCR analysis
(Prickett et al., 2008).

As in the case of OF samples, sock samples also give the possibility
to include a larger number of pigs in one sample. Sock samples are
collected by walking in the faecal material in the pen, while wearing
an absorbing felt sock on the boot (Figure 3)(Pedersen et al., 2015).
Since sock samples have shown to be an easy and fast method for

testing for some intestinal pathogens (Pedersen et al., 2015) and

PCV2 virus is excreted in faeces (Shibata et al., 2004; Segalés et al.,

Figure 3: Sock samples are

2005; Grau-Roma e al., 2009), sock samples may be an even easier ~ collected by walking in the faccal
material in the pen, while wearing

method than collection of OF, for determination of PCV2 viral load  an absorbing felt sock, outside of
a plastic sock, on the boot.

on a group level. (Picture by Maja Kobbero)
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In the following sections an overview of the PCV2 antibody and viral load in serum, OF and faeces

and the use in relation to diagnostics will be reviewed.

2.8.1 Serum

2.8.1.1 PCV2 antibodies and PCV2 virus in serum

PCV2 has been detected in natural infected pigs for up to 181 days (Patterson et al., 2011). After
infection, an increase in the PCV2 viral load in serum occurs, after which a slow but gradual decline
can be observed (Brunborg et al., 2010; Patterson et al., 2011). The PCV2 viral load in serum has
been shown to be significantly higher in PMWS affected pigs and in pigs prior to PMWS outbreak
compared to healthy pigs (Grau-Roma et al., 2009). Likewise, it has been shown that the PCV2 viral
load in subclinically infected pigs is higher than in healthy pigs (Segalés et al., 2005). A high PCV2
viral load may be present in pigs from non-PMWS herds. In a herd free from PMWS, Brunborg et al.
(2010) found an average PCV2 viral load of 10° PCV2 copies/ml serum, with individual pigs
exceeding the proposed cut-off value of 10’ PCV2 copies/ml serum. A similar average PCV2 viral
load was found in a PMWS positive herd. However, the pigs that developed PMWS had in general a
lower antibody response, which declined until the onset of PMWS (Brunborg et al., 2010).

PCV2 specific antibodies can be present as early as in the first week of a piglets life, due to maternal
antibodies (Sibila et al., 2004; Grau-Roma et al., 2009). Grau-Roma et al. (2009) have shown that
the PCV2 antibody level declines from the first week of life until around week 6-7 of life while a
concurrent increase in the PCV2 viral load in serum can be observed. There are some evidence that
antibody levels are higher or can be detected in greater percentages in healthy pigs compared to pigs
suffering from PMWS (Sibila et al., 2004; Grau-Roma et al., 2009; Brunborg et al., 2010). Despite
of an active immune response against PCV2, viremia may still be present (Grau-Roma et al., 2009;

Brunborg et al., 2010).

2.8.1.2 Serum pools for diagnosis of PCVD

As previously mentioned, the most common manifestation of PCV2 infection is subclinical PCVD
(Segalés, 2012), and because of the potential economic impact on production parameters,
quantification of the PCV2 viral load may be of relevance when interventions such as vaccinations
are considered. Because the detection of PCV2 specific antibodies not in itself is indicative of an
existing infection, the detection of antibodies is therefore often not relevant when the aim is to
evaluate active infection (Allan and Ellis, 2000). gPCR on pooled serum samples are often used for

quantification of PCV2 viral load on a herd level. The advantage of pooled serum samples is that it

18



Katrine Neumann, Katja Strom Buse

allows for a larger number of pigs to be represented for the same laboratory costs, making it more
economically attractive for the farmer (Cortey ef al., 2011). Pooling of serum consists of taking the
same amount of serum from each individual sample and pool into one sample. The pooling can take
place in the herd, or at a laboratory (Nielsen, 2017).

The use of serum pools does not allow for determination of PCV2 viral load on an individual animal
level, which is illustrated by the fact that a positive serum pool may contain PCV2 negative pigs
(Nielsen, 2017). This has been shown by Nielsen (2017) who found that a positive theoretical pool
of five pigs often contained PCV2 negative pigs. On the other hand, a negative pool did not contain
PCV2 positive pigs (Nielsen, 2017).

qPCR on serum pools may be used for identification of highly viremic pigs, and a cut-off value of
6.7 logio PCV2 copies/ml serum in a pool of five pigs, for identification of one or more pigs with a

viral load > 7 log;o PCV2 copies/ml serum, has been proposed (Nielsen, 2017).

2.8.2 Oral fluid

Another method for obtaining a sample in which a larger proportion of animals are represented, is by
collection of OF as described by Prickett ef al. (2008). This method allows for a whole pen to be
represented in one sample. Because it is possible and valid to detect and quantify the amount of
different viral pathogens such as PRRSv and PCV2 in OF, it allows for a time and cost effective
method to monitor both virus and antibodies in the herd (Prickett et al., 2008, 2011; Ramirez et al.,
2012).

2.8.2.1 PCV2 viral load and antibodies in oral fluid and oral/nasal secretions

In addition to containing secretion from the oral cavity, OF may also contain secretion from the
respiratory system including the nasal cavity (Hernandez-Garcia et al., 2017). PCV2 can be detected
in the nasal and oral cavity (Sibila et al., 2004; Segalés et al., 2005; Grau-Roma et al., 2009), and
detection of PCV2 in the nasal cavity prior to PCV2 viremia has been shown (Sibila et al., 2004).
Sibila et al. (2004) suggested that the earlier detection of PCV2 in nasal secretions compared to
detection in serum most likely was due to early infection, since 80% of the pigs positive for PCV2
virus in nasal swabs, but not in serum, were under 3 months of age.

The PCV2 viral load in nasal and tonsillar swabs has been shown to be higher in PMWS and
subclinically infected pigs compared to healthy pigs (Segalés et al., 2005; Grau-Roma et al., 2009).
Furthermore, in four naturally infected pigs kept under experimental conditions, a higher PCV2 viral
load in oral swabs compared to nasal swabs and serum was found from day 28 through day 84 of the

study period (Patterson et al., 2011). PCV2 was consistently detected in both serum, nasal and oral
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swabs until day 126, after which PCV2 was detected intermittently in the three samples (Patterson et
al.,2011).

Like for the PCV2 viral load in oral swabs, a higher PCV2 viral load in OF samples compared to
serum has also been shown (Oliver-Ferrando et al., 2016; Nielsen, 2017). Furthermore, an earlier
detection of PCV2 in OF samples compared to serum samples has also been shown (Kim, 2010).
Nevertheless, OF has proved to be a good method for herd monitoring of PCV2 virus and PCV2
antibodies (Prickett et al., 2011). Prickett ef al. (2011) investigated both PCV2 viral load and PCV2
antibody occurrence in OF from experimentally infected pigs. The OF samples were positive for
PCV2 on day two after intramuscular and nasal inoculation and remained positive during the study
period of 98 days. Seroconversion occurred between day 14 and 21 after inoculation, after which
PCV2 antibodies were detectable through the rest of the study period. This means that in addition to
prolonged shedding of PCV2 in OF, the study also indicated that PCV2 infection may persist even in
the presence of an active immune response (Prickett et al., 2011).

Few studies have suggested viral load cut-off values for discriminating between PMWS affected pigs
and healthy pigs by nasal swabs. Viral load cut-off values of 9.2 log;o PCV2 copies/ml sample
(Danish study) and of 5.9 logi;o PCV2 copies/ml sample (Spanish study) have been suggested by
Grau-Roma et al. (2009). The differences in cut-off values between the Spanish and Danish
investigations are highly indicative of the dependence on collection procedures and methods for the
viral load detected (Grau-Roma et al., 2009). Nevertheless, from the Danish study it seems that the

PCV2 viral load in nasal swabs needs to be higher compared to serum when diagnosing PMWS.

2.8.2.2 Use of oral fluid for quantification of PCV?2 load on a herd level

When collecting OF, there may be differences in the number of pigs chewing the rope, and thereby
the number of pigs being represented in the sample (Seddon, Guy and Edwards, 2012). Various
factors may influence the likelihood of pigs being represented in the sample,