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Abstract

Porcine circovirus type 2 (PCV2) diseases (PCVDs) have affected pig production worldwide over the last three
decades. Since the advent of mass vaccination, manifestations of PCVDs have dramatically decreased.
Nevertheless, persistent/latent PCV2 infections linger in the pig population.

Therefore, we investigated whether conclusions can be drawn regarding the health status of a population based
on humoral responses to a persistent pathogen such as PCV2. We examined the Swiss finisher population because
in this population, time points associated with major events have been well documented. We measured PCV2-
specific antibody titers of finishers before the Swiss epizootic in 1996-97 and compared these titers with antibody
titers in 2006, during the peak of the epizootic, and in 2011, three years after the start of the mass vaccination of
piglets.

Two hundred serum samples from finishers were analyzed for each of these time periods, which correspond to
before, during and after the Swiss epizootic. PCV2-specific IgG antibody titers were low to modestly positive during
the pre-epizootic and post-epizootic periods. At the peak of the epizootic in 2006, almost all serum samples were
positive, with higher average IgG concentrations than those detected in pre-epizootic and post-epizootic samples.
Moreover, IgM antibodies were analyzed for 60 randomly chosen finishers in each time period. Of these 180
samples, only two serum samples from 2006 contained PCV2-specific IgM antibodies.

Mass vaccination against PCV2 reduced PCV2-specific antibody titers in pigs with persistent/latent infection to
pre-epizootic levels. Our data show prevalence for and concentrations of IgG-specific PCV2 antibodies, which
appear to be correlated with PCVD. This result is counterintuitive because one would typically expect higher
antibody concentrations to be associated with less disease; a possible interpretation is that elevated concentrations
of immature anti-PCV2 antibodies provided pigs with a certain level of protection against PCVDs.

L J

current information regarding neutralizing antibodies and the
infection status of pigs is controversial [7,8].
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vaccination campaign Moreover, the extent to which neutralizing capabilities of antibodies

measured in vitro reflect immunologically effective humoral responses

Short Communication in pigs remains unclear.

Porcine circovirus type 2 (PCV2), which is one of the most
significant pathogens in pig production worldwide, is the causative
agent of porcine circovirus diseases (PCVDs). PCV2 can be detected in
both healthy and diseased pigs [1] and is found in the lymphatic
system in most pigs [2,3].

We and others have demonstrated that PCV2 affects the maturation
and differentiation of T cells [3-5]. We specifically identified T helper
cells as being targeted by PCV2-infected cells in the thymus [4]. These
T helper cells are essential for the proper maturation of high-affinity
antibody-secreting centroblasts [6]. Overall, humoral responses to
PCV2 do not correlate with the infection statuses of pigs [4,7,8].

This result is unsurprising due to the latent nature of PCV2, which
is found in pig fetuses before immune competency [3,4]. In addition,

Viral load reduction and a decreased proportion of infected pigs
have been suggested as cornerstones for controlling clinical
manifestations of PCVDs [9]. Vaccination against PCV2 prevents
clinical manifestations of these diseases but does not eradicate PCV2
infection altogether [10].

Various studies have found elevated anti-PCV2 antibody
concentrations after vaccination against PCV2 [7,11], significantly
shorter and milder viremia [10], and a higher proportion of CD4(+)
CD8(+) IFNy(+) lymphocyte subsets in vaccinated piglets [12].
Nevertheless, elevated antibody titers that are due to vaccinations of
piglets against PCV2 do not last until finisher stage [13].

Although PCVDs were only described in Switzerland in 2001 [14],
PCV2 has been present in the Swiss pig population since at least 1979
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[15]. In a prevalence study from 2001-2002, only four out of seventy-
two (5%) wasting piglets from 26 different farms were diagnosed with
PCV2-systemic disease (PCV2-SD) [16].

Moreover, 38 out of 57 (67%) piglets from 18 of 21 farms carried
PCV2-specific antibodies [16]. Despite this high sero-prevalence, few
cases of PCVDs were reported in Switzerland before 2003 [15]. The
sudden onset of an epizootic correlated with a genetic shift from
PCV2a group members to a specific PCV2b group member that we
named PCV2b-CH [15].

Importantly, Switzerland is free of porcine reproductive and
respiratory syndrome virus (PRRSV), enzootic pneumonia and
actinobacillosis, which play roles in disease development in PCVDs
[17].

With the introduction of piglet vaccination in Switzerland in 2008,
the number of PCV2-SD cases decreased dramatically.

There were two aims of this study. First, we sought to gain a general
understanding of how humoral responses appear in a persistently
infected population under three different conditions. Second, we
wished to understand the influence of mass vaccination in a
persistently infected and disease-ridden population in terms of
antibody responses against the pathogen.

To address these aims, we compared PCV2-specific antibody titers
in the Swiss finisher population before (1996-97), during (2006) and
after (2011) the epizootic. Notably, 2011 was three years after the
advent of a mass vaccination program for piglets against PCV2.

Two hundred randomly selected finisher serum samples from each
of the three time periods were obtained from the serum bank of the
Institute of Virology and Immunology (IVI), Mittelhdusern,
Switzerland, and were analyzed via competitive ELISA (SERELISA®
PCV2 Ab Mono Blocking Systems, Synbiotics Corporation Europe
SAS, Lyon) for the presence of PCV2-specific antibodies [11].

Categorical data were analyzed using chi® tests or Fisher’s exact test.
Titers<1000 EU (ELISA Units) were categorized as negative, as
illustrated with an arrow in Figure 1. Titers>4000 EU and titers>8000
EU were arbitrarily selected as references.

Sixty pig serum samples from each time period were also tested for
the presence of PCV2-specific IgM antibodies using a capture
immunoenzymatic assay from Ingezim (called Circovirus IgG/IgM;
Ingenasa, Madrid).

Prevalence and titers of PCV2-specific antibodies in samples from
the three examined time periods are shown in Figure 1. Pre- and post-
epizootic PCV2-specific IgG antibody titers varied significantly from
the corresponding epizootic titers. In particular, 57% of the samples
from 1996-97 had a PCV2-specific antibody titer of less than 1000 EU
and were classified as negative. During the pre-epizootic period, 18%
and 7% of serum titers were >4000 EU and >8000 EU, respectively.
From the pre-epizootic to the epizootic period, the proportion of
positive titers (>1000 EU) rose from 43% to 84.5%; and 57% and 37%
of the epizootic titers were >4000 EU and >8000 EU, respectively.
Three years after the onset of mass vaccination of piglets, which
reduced the number of PCVD cases, the proportion of serum titers
that were positive for PCV2-specific IgG had decreased significantly
from 84.5% to 40%; similarly dramatic decreases in titers>4000 EU
(57% to 25%) and titers>8000 EU (37% to 10%) were also observed.

A 16000 -] Pre-epizootic (1996/97)
14000
12000
10000

8000

6000

4000

2000

16000 Epizootic (2006)
14000
12000

10000

8000

6000

4000

2000

Relative PCV2-specific IgG-antibody titers in ELISA Units (EU)

16000 Post-epizootic (2011)
14000
12000
10000

8000

6000

4000

2000

Serum samples of finishers

Figure 1: A graphic representation of anti-PCV2-specific IgG
antibody concentrations in blood serum samples from Swiss
finishers before, during and after the epizootic. Each panel
represents the IgG antibody concentrations from 200 finishers. The
black arrow indicates the cutoff between positive and negative
blood serum. The epizootic anti-PCV2-specific IgG-antibody
concentrations  significantly  differ  (p<0.001) from the
corresponding pre- and post-epizootic concentrations.

For all three reference points (>1000 EU, >4000 EU and >8000 EU),
the pre- and post-epizootic anti-PCV2 IgG titers significantly differed
from the epizootic anti-PCV2 IgG titers (p<0.001). No statistically
significant differences between titers from the pre- and post-epizootic
periods were detected (p=0.68). To analyze PCV2-specific IgM
antibody titers, we randomly selected 60 serum samples from each of
the three time periods; of these 180 samples, only 2 samples from the
epizootic period contained PCV2-specific IgM antibodies.

Our population study is unique and interesting in several respects.
We analyzed and compared the humoral immune response in pigs
during three independent time periods to a pathogen that causes
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persistent/latent infections. Furthermore, this study provides insight by
evaluating the humoral immune response at the end of the production
cycle (in finishers). At that stage, individual immune systems are
naturally normalized; that is, only serum samples from historically
healthy individuals will be acquired from pigs in the slaughterhouse,
and there is no distinguishable direct elevation of antibody titers in
vaccinated piglets relative to non-vaccinated piglets at the finisher
stage.

New PCV2 infections are uncommon (occurring in approximately
1% of individuals), based on the proportion of samples with PCV2-
specific IgM antibodies. This observation supports the underlying
hypothesis that PCV2 infections are persistent/latent. The IgM
antibody isotype is typically an indicator of an early-stage acute
infection; however, in cases of persistent or latent infection, class
switching and antibody maturation may not occur in an appropriate
manner due to a faulty T helper cell response [18]. We and others have
previously shown that the porcine immune system mounts an
inadequate T cell response to PCV2 [4,5]. It appears possible that only
high virus infection pressure, as was observed during the epizootic,
leads to the activation of sporadic, newly occurring naive B cells that
secrete PCV2-specific IgM antibodies without T helper cell support.
Thus, we hypothesize that the infrequent occurrence of PCV2-specific
IgM antibodies reflects a deregulated immune system due to inept T
helper cell maturation [4].

In accordance with this reasoning, additional points of interest can
be gleaned from our analysis of PCV2-specific IgG antibody responses
to a persistent/latent virus during the three investigated time periods.
One important consideration is that with the induction of immune
tolerance [19], as is likely with porcine PCV2 infections, thymic
negative selection of highly specific T cells dominates [3,4]; this
selection affects the maturation of B cells and influences the
maturation of antibodies specific to PCV2. The pre-epizootic and post-
epizootic PCV2-specific IgG antibody responses were statistically
indistinguishable. In addition, in accordance with our prior findings
[3], PCV2 vaccination did not eliminate the virus. During the PCVD
epizootic, elevated virus infection pressure led to the more frequent
activation of PCV2-specific plasma B cells; this phenomenon was
reflected by a higher prevalence and higher average concentrations of
PCV2-specific IgG antibodies than in the other investigated time
periods. A previous investigation similar to this study reported the
reverse correlation; in particular, a 22-fold median decrease in virus
concentration resulted in a decrease from 78.8% to 19% in the
proportion of pigs positive for PCV2-specific antibodies [20]. This
prior finding supports our observation of a decrease in PCV2-specific
IgG antibodies from the epizootic period to the post-epizootic period.
Notably, this decrease occurred concomitantly with the
implementation of the mass vaccination program. Thus, vaccination
may induce the few anti-PCV2 specific T-cells that escape negative
selection in the thymus, leading to the effective maturation of PCV2-
specific centroblasts that produce an effective humoral response
against this virus. This explanation is supported by several
observations. First, the immune system of vaccinated pigs recognizes a
large polypeptide fragment of the capsid protein (CP 43-233) that has
strong virus-neutralizing activity [21]. Second, and by contrast,
antibodies from diseased pigs are primarily directed against an
immune-dominant oligopeptide of the capsid protein (CP 169-180)
that lacks virus-neutralizing activity [22]. Taken together, these facts
suggest the possibility that vaccination in pigs induces the production
of more specific and mature anti-PCV2 antibodies than those found in
non-vaccinated pigs.

Conclusion

The more IgG antibodies against a certain virus are present the
worse is the health status of the persistent/latent-infected population
since virus infection pressure dominates the humoral response
outcome. And then again, higher concentrations of non-matured anti-
PCV2 antibodies apparently provided greater protection than a lack of
anti-PCV?2 antibodies in pigs during the epizootic period.
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