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Summary

Objectives: To investigate the relation-
ships between age, porcine circovirus type
2 (PCV2) viremia, and pathologic lesions
by evaluating the age of porcine circovirus
associated disease- (PCVAD-) affected pigs
submitted to Iowa State University Veteri-
nary Diagnostic Laboratory between 2003
and 2010 and by experimentally infecting
pigs of different ages.

Materials and methods: A total of 3565
PCVAD cases were selected and ages of
PCVAD-affected pigs summarized. Sixty-two
pigs were randomly assigned to three groups
and inoculated with PCV2 at 2 weeks (AGE-
2;n=21),7 weeks (AGE-7; n = 20), or 12

weeks of age (AGE-12; n = 21). A portion
of the pigs in each group arbitrarily selected
by the farm manager were vaccinated with

an adjuvanted vaccine (Mycoplasma hyopneu-
moniae) at 1 week of age. All pigs were eutha-
nized 14 days post inoculation (DPI). Lesions
and viremia were compared among groups.

Results: Among PCVAD cases received
from 2003 to 2010, 47.6% were 12 to 16
weeks of age. AGE-12 pigs had significantly
lower levels of PCV2 antibody compared
with AGE-2 and AGE-7 pigs at the time of
inoculation, and AGE-12 pigs had signifi-
cantly higher levels of PCV2 viremia at 7
and 14 DPL. Mycoplasma hyopneumoniae-
vaccinated pigs in the AGE-12 group had

higher levels of PCV2 viremia compared to
nonvaccinated pigs; however, this effect was
not seen in younger pigs.

Implications: Under field conditions, 12-
to 16-week-old pigs are most commonly
affected by PCVAD. Under experimental
conditions, 12-week-old pigs are more sus-
ceptible to PCV2 infection than are 2- and
7-week-old pigs.
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Resumen - La susceptibilidad edad-
dependiente a las infecciones de circovirus
porcino tipo 2 probablemente est4 relacio-
nada con la disminucién de los niveles de
anticuerpos maternos

Objetivos: Investigar las relaciones entre
edad, viremia del circovirus porcino tipo

2 (PCV2 por sus siglas en inglés), y lesio-
nes patoldgicas mediante la evaluacion

de la edad de los cerdos afectados con la
enfermedad asociada a circovirus porcino
(PCVAD por sus siglas en inglés) enviados
al Laboratorio de Diagndstico Veterinario
de la Universidad del Estado de Iowa entre
2003y 2010 y de cerdos experimentalmente
infectados de diferentes edades.

Materiales y métodos: Se seleccionaron

un total de 3565 casos de PCVAD y se
resumieron las edades de los cerdos afectados
por PCVAD. Se asignaron al azar sesenta y
dos cerdos a tres grupos y se inocularon con
PCV2alas 2 semanas (EDAD-2; n =21),7
semanas (EDAD-7; n = 20), 6 12 semanas
deedad (EDAD-12; n = 21). Se vacuné

una porcién de los cerdos de cada grupo,
seleccionado de manera arbitraria, por el
administrador de la granja con una vacuna
con adyuvante (Mycoplasma hyopneumoniae)
ala semana de edad. Se practicé la eutanasia a
todos los cerdos a los 14 dfas post inoculacién
(DPI por sus siglas en inglés). Se compararon
las lesiones y la viremia entre los grupos.
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Resultados: Entre los casos de PCVAD
recibidos de 2003 2 2010, 47.6% fueron

de 12 a 16 semanas de edad. Los cerdos de
EDAD-12 tuvieron niveles significativa-
mente mds bajos de anticuerpos de PCV2
comparados con los cerdos de EDAD-2 y
EDAD 7 al momento de la inoculacién, y los
cerdos de EDAD-12 tuvieron niveles signifi-
cativamente mas altos de viremia de PCV2
alos 7y 14 DPI. Los cerdos vacunados con
M hyopneumoniae en el grupo de EDAD-

12 tuvieron niveles mas altos de viremia de
PCV2 comparado con los cerdos no vacuna-
dos; sin embargo, este efecto no se observéd
en los cerdos mds jévenes.

Implicaciones: Bajo condiciones de campo,
los cerdos de 12 a 16 semanas de edad son
afectados mds cominmente por el PCVAD.
Bajos condiciones experimentales, los cerdos
de 12 semanas de edad son mds susceptibles
auna infeccién de PCV2 que los cerdos de 2
y 7 semanas de edad.

Résumé - La susceptibilité dépendante de
I’age aux infections par le circovirus porcin
de type 2 serait associée au déclin des
titres d’anticorps maternels

Objectifs: Frudier les relations entre lage,
la virémie au circovirus porcin de type 2
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(PCV2), et les lésions pathologiques en
¢valuant I'age des porcs affectés par la mala-
die associée au circovirus porcin (PCVAD)
soumis au Jowa State University Veterinary
Diagnostic Laboratory entre 2003 et 2010
et en infectant de maniere expérimentale des
porcs d’Ages variés.

Matériels et méthodes: Un total de 3565

cas de PCVAD ont été sélectionnés et les Ages
des animaux affectés de PCVAD résumés.

On assigna de manicre aléatoire 62 porcs

dans trois groupes qui furent inoculés avec du
PCV2 alage de 2 semaines (AGE-2;n =21),
7 semaines (AGE-7; n = 20), ou 12 semaines
(AGE-12; n =21). Une portion des porcs dans
chaque groupe sélectionnés de maniére arbi-
traire par le gérant de la ferme ont été vaccinés
avec un vaccin avec adjuvant (Mycoplasma hyo-
pneumoniae) A 1 semaine d’age. Tous les porcs
ont été euthanasiés 14 jours post inoculation
(DPI). Une comparaison des lésions et de la
virémie a été faite entre les groupes.

Résultats: Parmi les cas de PCVAD regus
entre 2003 et 2010, 47.6% avaient entre 12
et 16 semaines d’age. Les pores du groupe
AGE-12 avaient des niveaux d’anticorps
contre le PCV2 significativement plus bas
que ceux des groupes AGE-2 et AGE-7 au
moment de 'inoculation, et les porcs AGE-
12 avaient une virémie significativement plus
élevée aux jours 7 et 14 DPI. Comparative-
ment aux animaux non-vaccinés, les porcs
vaccinés contre M hyopneumoniae dans le
groupe AGE-12 avaient une virémie a PCV2
plus élevée; toutefois, cet effet nétait pas
observé chez les animaux plus jeunes.

Implications: Dans des conditions de ter-
rain, les porcs 4gés de 12 4 16 semaines sont
les plus fréquemment affectés par PCVAD.
Sous des conditions expérimentales, les porcs
agés de 12 semaines sont plus susceptibles
aux infections par PCV2 que ceux agés de 2
et 7 semaines.

orcine circovirus type 2 (PCV2) was
P first identified as the primary cause

of postweaning multisystematic
wasting syndrome (PMWS) in pigs in
Canada.! In addition, PCV2 is also a com-
ponent of various other clinical syndromes,
including the porcine respiratory disease
complex (PRDC),Z’3 porcine dermatitis and
nephropathy syndrome (PDNS),4 chronic
enteritis,” and reproductive failure.® The
spectrum of clinical manifestations associ-
ated with PCV2 infections is referred to
as porcine circovirus associated disease
(PCVAD). The most frequent gross lesions
associated with PCVAD are enlargement of

lymph nodes and non-collapsed, tan-mottled
lungs.” The most characteristic microscopic
lesions of PCVAD are lymphoid depletion

or histiocytic replacement of follicles in
lymphoid tissues or both.””? Serological
surveys have shown that a high percentage
of pig herds are infected with pPCVv2. 1011
Subclinical PCV2 infections are very com-
mon, and only a small percentage of infected
pigs develop PCVAD.!Z Several effective
commercial PCV2 vaccines became available
in 2006 and are now widely used in the US
pig population.13 Vaccines for PCV2 have
been shown to reduce PCV?2 viremia and
lesions under experimental conditions!4-16
and improve the average daily weight gain
and the number of pigs marketed under field

conditions.!7-18

Age at infection can impact the severity of
many diseases of animals. The PMWS form
of PCVAD is most commonly seen between
S and 12 weeks of age,19 PDNS between

6 and 17 weeks of a.gc,zo’21 and PRDC
between 8 and 26 weeks of age.3 Age-
dependent resistance to another member of
the Circoviridae family, psittacine feather
and beak disease virus, has been observed.
Juvenile birds between 0 and 3 years of

age are more susceptible to disease.2? Few
studies on age-dependent susceptibility are
available in the peer-reviewed literature for
pigs. However, it is well known that younger
pigs are more susceptible to certain enteric
pathogens, such as rotavirus, which typically
affects 1- to 5-day-old pigs?® and causes little
to no disease in older pigs.24 Interestingly, it
has also been found that susceptibility of pigs
to some Escherichia coli isolates increases with
age, which was found to be related to changes
in pilus-mediated adhesion.?> In an in vitro
study, pulmonary alveolar macrophages

from 4-week-old pigs were found to be more
permissive to porcine reproductive and respi-
ratory syndrome virus (PRRSV) infection
compared to those from 4-month-old pigs.26
In addition, PRRSV viremia was longer and
excretion rates were higher in younger pigs

(4 to 8 weeks of age) compared to older pigs
(16 to 24 weeks of age).?’

In the present study, our objectives were to
investigate the relationship between age and
levels of PCV?2 viremia and PCV2-associ-
ated lesions and expression of PCVAD by
evaluating the age of PCVAD-affected pigs
submitted to the Iowa State University Vet-
erinary Diagnostic Laboratory (ISU-VDL)
between 2003 and 2010 and by experimen-
tally infecting pigs with PCV2 at different
ages representing different production stages
(suckling, nursery, grow-finish).

Materials and methods

Retrospective analysis of laboratory
submissions (2003-2010)

Included data. Cases diagnosed as
PCVAD at the ISU-VDL, Ames, lowa,
between January 1, 2003, and December
31,2010, were obtained from the ISU-
VDL Laboratory Information Management
System (LIMS) database. In the ISU-VDL
LIMS, all cases are classified using diag-
nostic codes assigned by case-coordinators
responsible for the cases. The following
ISU-VDL-specific diagnostic codes are
associated with PCV2: PCV (systemic
infection), PMWS (postweaning multi-
systemic wasting syndrome), PNEU PCV
(lung—pneumonia, PCV), ENTE PCV
(intestines-enteritis, PCV), PDNS (porcine
dermatitis and nephropathy syndrome), and
ABOR PCYV (abortion, PCV). In this inves-
tigation, we selected for all diagnostic codes
listed above with the exception of ABOR
PCV. The cases identified were verified
individually to confirm that the diagnostic
code matched criteria used for diagnosis of
PCVAD (presence of characteristic micro-
scopic lesions, presence of intra-lesional
PCV2 antigen). A case was defined by sub-
mission and not by individual pigs. The age
of the pigs was recorded in rounded weeks
(eg, week 0 would be < 3.5 days old, week 1
would be 3.5 to < 10.5 days old), with the
exception of pigs > 27 weeks, which were
considered to be 27 weeks old due to the low
numbers in this age group.

Experimental inoculation

The experimental protocol was approved by
the Iowa State University Institutional Ani-
mal Care and Use Committee (IACUC) and
the Institutional Biosafety Committee (IBC).

Animal source. Sixty-two segregated-carly-
weaned (SEW) pigs were obtained from a
high-health status commercial herd, nega-
tive by monthly serological monitoring for
PRRSV and swine influenza virus (SIV).
The sows in this herd were seropositive for
PCV2 as determined by an enzyme-linked
immunosorbent assay (ELISA)?® based on
the open reading frame 2 (ORF2) protein
of PCV2; however, PCVAD had not been
reported in the breeding herd or in their
offspring. Porcine circovirus type 2 vac-
cination was not used in the breeding herd
at the time the pigs were obtained for the
study, and the dams of the pigs were never
vaccinated against PCV2. Approximately
100 pigs were individually ear tagged, and
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blood samples were collected from the pigs
at 1 week of age on the farm and tested for
anti-PCV2 serum antibodies usinga PCV2
ELISA.?® Samples with a sample-to-positive
(S:P) ratio > 0.2 were considered positive for
PCV2-specific antibodies. Pigs were sorted
by rising S:P ratio, and the 62 pigs with the
lowest S:P ratios were selected for the study.
The pig with the highest S:P ratio at the time
of selection that was included in the trial at

1 week of age had an S:P ratio of 0.8. At 2
weeks of age, the pigs were brought to the
Livestock Infectious Disease Isolation Facility
at Jowa State University, Ames, lowa.

Experimental design. The experimental
design is summarized in Table 1. Approxi-
mately half of the 62 selected pigs were
arbitrarily selected by the farm manager at

1 week of age and were vaccinated using

an inactivated Mycoplasma hyopneumoniae
bacterin (RespiSure-One; Pfizer Animal
Health, Exton, Pennsylvania). Each vac-
cinated pig received 1 mL of the bacterin
intramuscularly in the right side of the neck.
The number of vaccinated pigs in each group
is indicated in Table 1. Blood samples were
collected upon entry into the research facil-
ity at 2 weeks of age and weekly thereafter,
and the serum was tested by PCV2 ELISA.
The pigs were blocked by vaccination status
and arbitrarily assigned to three groups:
PCV2 inoculation at 2 weeks of age (AGE-
2;n=21),at 7 weeks of age (AGE-7;

n =20), and at 12 weeks of age (AGE-12;

n = 21). At 14 days post inoculation (DPI),
all pigs from each treatment group were
necropsied. A negative control group was
not included in the experimental study as
the main study outcome was comparison
of PCV2 viremia and lesions in different age
groups. All three groups came to the research

facility at the same time, and since AGE-12
pigs remained PCV2 DNA-negative until the
time of inoculation, unintended PCV2 infec-
tion by natural exposure to a PCV2-viremic
pig from the source herd had not occurred.

Clinical evaluations. Pigs were monitored
every day for presence of clinical signs such

as inappetence, lethargy, and visible weight
loss. In addition, rectal temperatures were
measured and respiratory disease was evalu-
ated at the same time every other day using
the following scoring system: 0 = normal, 1 =
sporadic sneezing, 2 = rapid respiratory rate
with shallow respirations of short duration,
and 3 = prolonged and labored respiration.

PCV2 inoculation. To ensure that all pigs
received the same inoculum at the same titer,
the PCV2 inoculum for all pigs was pre-
pared ahead of time, divided into three ali-
quots, and stored at -80°C. Pigs in all groups
received PCV2 isolate 40895 (from a case of
naturally occurring PCVAD in Iowa?®) at a
dose of 10*> median tissue culture infective
doses intranasally. For each inoculation, one
aliquot was thawed under cold tap water and
used within 1 hour.

Serological testing. A PCV2 ELISA based
on a recombinant ORF2 capsid protein of
PCV2 was performed on serum samples as
previously described.?®

Evaluation of gross and microscopic
lesions. At necropsy, the severity of mac-
roscopic lung lesions (0% to 100% of lung
involvement) was estimated and the size of
lymph nodes was scored from 0 (normal) to
3 (four times normal size)* by a pathologist
not blinded to age of the pigs at necropsy.
Tissue samples were collected from the
superficial inguinal, external iliac, mediasti-
nal, tracheobronchial, and mesenteric lymph

Table 1: Numbers of segregated-early-weaned pigs that received treatment of
the total number in the group for pigs vaccinated with an inactivated Mycoplasma
hyopneumoniae bacterin* and challenged at 2, 7, or 12 weeks of age with PCV2"

. . AGE-2 AGE-7 AGE-12
Group designations
n=21 n=20 n=21
Vaccination 1Tweek (11/21) 1 week (10/20) 1 week (11/21)
Challenge 2 weeks (21/21) 7 weeks (20/20) 12 weeks (21/21)
Necropsy 4 weeks (21/21) 9 weeks (20/20) 14 weeks (21/21)

*

RespiSure-One; Pfizer Animal Health, Exon, Pennsylvania.

t+ Intranasal challenge with PCV2 isolate 40895 at a dose of 10%°> TCIDsy. Pigs were chal-
lenged at 2 weeks of age (AGE-2), 7 weeks of age (AGE-7), or 12 weeks of age (AGE-12).

PCV2 = porcine circovirus type 2; TCID5o = median tissue culture infectious dose.

nodes, lung, liver, spleen, tonsil, kidney,
ileum, and colon, placed in 10% neutral
buffered formalin, and routinely processed
for microscopic examination. Lungs were
infused with formalin at the time of nec-
ropsy. Microscopic lesions were evaluated
by a pathologist blinded to the status of the
treatment groups. Lymphoid depletion and
histiocytic replacement of follicles in lymph
nodes, tonsil, and spleen were scored from
0 (none) to 3 (severe).>? Lesions in the liver,
kidney, and heart were scored for severity
of lymphohistiocytic inflammation from 0
(none) to 3 (severe).

Immunohistochemistry. Sections of lymph
nodes (superficial inguinal, external iliac,
mediastinal, tracheobronchial, and mesen-
teric), tonsil, and spleen were examined by
immunohistochemistry (IHC) as described?!
to detect PCV2 antigen. The amount of
PCV2 antigen was scored from 0 (none) to 3
(strongly positive) by a pathologist blinded to

the treatment status of the animals.>°

DNA extraction and quantitative PCR.
Deoxyribonucleic acid was extracted from
all serum samples using a commercial DNA
isolation kit (QIAamp DNA Blood Mini
Kit; Qiagen, Valencia, California). Deoxy-
ribonucleic acid extracts were then used to
quantify the amount of PCV2 DNA by real-
time PCR as previously described.>?

Statistical analysis

The data analysis for this project was per-
formed using SAS software, version 9.2

(SAS Institute, Cary, North Carolina).

For parametric data, differences among
groups were determined by analysis of vari-
ance (ANOVA). If significant differences
were identified (P < .05), pairwise testing
using Tukey-Kramer adjustment was then
performed. In addition, PCV2 viremia

data obtained on 7 and 14 DPI (number of
genomic copies per mL serum) were logio
transformed and analyzed using the three-
way ANOVA model. Explanatory variables
included group (age), vaccination status,
antibody status, and their interactions. Binary
responses (PCV2 antigen prevalence as deter-
mined by IHC stains) were analyzed using
alogistic regression model. In addition, for
nonparametric data (including microscopic
and IHC scores), a Kruskal-Wallis ANOVA
test was performed to test for differences
among groups. If significant differences were
identified (P < .05), a pairwise Wilcoxon test
was performed.
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Results

Retrospective analysis of laboratory
submissions (2003-2010)

Age prevalence of PCVAD in field cases
collected 2003-2010. From 2003 to the
2010, 3688 pigs were recorded as PCVAD
cases in ISU-VDL LIMS, which included

92 subclinical cases (without lesions or with
mild microscopic lesions limited to individual
lymphoid tissues and low amounts of intra-
lesional PCV2 antigen) and 3596 clinical
cases. Of note, the 92 subclinical cases were
identified among cases originally classified as
PCVAD and do not represent all subclinical
PCV?2 cases submitted to the ISU-VDL.
Among the 3596 clinical PCVAD cases, 31
were removed due to missing age information,
resulting in 3565 cases which were included
in the analysis in this study. As shown in Fig-
ure 1, the peak of PCVAD diagnoses at the
ISU-VDL occurred in 2006 (1050 cases) and
has since been decreasing. The average age

of pigs with PCVAD was 13.1 £ 0.1 weeks,
with 47.5% of the PCVAD pigs between 12
and 16 weeks of age (Figure 2). Interestingly,
the mean age was highest in 2008 (14.1 £0.3
weeks) and has declined through 2009 (12.8
+0.3 weeks) and 2010 (11.7 + 0.4 weeks)
(Figure 1).

Experimental inoculation

Clinical signs. None of the pigs developed
fever (rectal temperatures > 40°C) or had
visible weight loss at any time during the
experiment. Respiratory scores were 0 or 1 in
all pigs throughout the study.

Anti-PCV2 IgG antibody levels. Numbers
of seropositive pigs in the three treatment
groups are shown in Table 2. At the time

of PCV2 inoculation and at 7 DPI, AGE-
12 pigs had significantly (2 < .05) lower
PCV2 S:P ratios than AGE-2 and AGE-7
pigs (Table 2). By 14 DPI, no significant
differences in antibody levels were observed
among the different ages. When M hyopneu-
moniae-vaccinated and nonvaccinated pigs
were compared within each age group, only
AGE-7 vaccinated pigs had significantly
higher PCV2 S:P ratios (P < .05), compared
with AGE-7 nonvaccinated pigs, at DPI 14
(Table 3).

PCV2 DNA in serum. The detailed PCR
results are summarized in Tables 2, 3, and
4. Main effects “age,” “antibody status,” and
the interactions “age by vaccination status”
and “age by antibody status” were significant

for DPI 7. Main effects “age” and “antibody

Figure 1. Mean age in weeks (& SE) of pigs diagnosed with porcine circovirus

associated disease in cases submitted to

the lowa State University Veterinary Diag-

nostic Laboratory (ISU-VDL), Ames, lowa, from 2003 to 2010. The age of the pigs
was expressed in rounded weeks. The red dotted line indicates the total number
of cases submitted to the ISU-VDL during this time period.
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Figure 2. Numbers of porcine circovirus associated disease cases at different pig
ages submitted to the lowa State University Veterinary Diagnostic Laboratory,
Ames, lowa, between 2003 and 2010. The black line represents a trend line and

was added to account for the apparent

bias in recording even weeks rather than

odd weeks on the submission form. The age of the pigs was expressed in rounded
weeks with the exception of pigs > 27 weeks of age, which were classified as 27
weeks old. The percentages represent the numbers of cases 0-11 weeks of age
(1209 cases; 33.3%), 12-16 weeks of age (1694 cases; 47.5%, red frame), and

17-27 weeks of age (662 cases; 18.6%).
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status” were significant for DPI 14. Specifi-
cally, among AGE-2 pigs, 71.4% (DP17)
and 66.7% (DPI 14) of pigs were positive
for PCV2 DNA after challenge (five of 21
were negative on both DPI 7 and 14), while
100% of pigs in the AGE-7 and AGE-12
groups were positive for PCV2 DNA (Table

2). The logjg PCV2 DNA loads in AGE-12
pigs were significantly higher than those in
AGE-2 and AGE-7 pigs (Table 2). When
the effect of PCV2 antibody at the time

of inoculation was evaluated, seronegative
AGE-2 pigs had significantly higher levels of
PCV2 DNA than did seropositive AGE-2
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Table 2: Prevalence and mean group PCV2 antibody presented as ELISA* sample-
to-positive (S:P) ratios and viremia levelst presented as log;g PCV2 DNA copies/
mL in the three treatment groups at 0, 7, and 14 DPI+.

Parameter Group No. of positive pigs/total no. of pigs (mean + SE)
DPI O DPI7 DPI 14
AGE-2 16/21 12/21 13/21
(0.3940.053)  (0.34+0.05)  (0.29 +0.04)
. AGE-7 18/20 11/20 20/20
P2 ey (0.42+0.04%) (02440023  (0.34+0.02)
AGE-12 5/21 21/21 2121
(0.16£0.02%)  (0.11+£0.01P)  (0.38+0.02)
AGE-2 0/21(0) 15/21 14/21
(3.13+£047%)  (3.24+0.55%)
Vs AGE-7 0/20 (0) 20/20 20/20
(4.90+0.16%)  (4.54+0.229)
AGE-12 0/21(0) 21/21 21/21

(633£0.17  (5.30%0.16P)

* ELISA based on a recombinant ORF2 capsid protein of PCV2.28
+ PCV2 DNA quantified by real-time polymerase chain reaction.3?

# Treatment groups described in Table 1.

abe Values with different superscripts within a column and within a parameter represent
significant differences between treatment groups (P < .05; pairwise testing using the

Tukey-Kramer adjustment).

PCV2 = porcine circovirus type 2; ELISA = enzyme-linked immunosorbent assay; ORF2 =
open reading frame 2; DPI = days post inoculation.

pigs at 7 and 14 DPI, in contrast to AGE-7
and AGE-12 groups (Table 4). When vac-
cinated and nonvaccinated pigs were com-
pared within each age group, nonvaccinated
AGE-12 pigs had lower amounts of PCV2
in serum, which was significant on DPI 7

(Table 3).

Microscopic lesions and PCV2 antigen in
tissues. Lymphoid depletion and histiocytic
replacement were observed in lymphoid
tissues in 10 of 21 AGE-2 pigs, four of 20
AGE-7 pigs, and five of 21 AGE-12 pigs,
with overall lymphoid scores of 1.7 £ 0.6,
0.5£0.3,and 0.9 £ 0.5, respectively. There
were no significant differences in overall
lymphoid scores among challenged groups
of different ages. Porcine circovirus type 2
antigen was detected in lymphoid tissues of
13 of 21 AGE-2 pigs, 11 of 20 AGE-7 pigs,
and 14 of 21 AGE-12 pigs. The mean group
PCV2 IHC scores ranged from 1.3 to 1.4,
with no significant differences among age
groups. When the effect of PCV2 antibody
at the time of inoculation was evaluated, it
was found that seropositive AGE-2 pigs (16
of 21) had significantly lower overall lym-
phoid score (0.7 £0.2) (P < .05) and PCV2

IHC score (0.9 £0.3) (P < .05) than the five
of 21 seronegative pigs that had mean overall
lymphoid score and PCV2 IHC scores of
2.1£0.8 and 2.4 £ 0.7, respectively. When
the effect of vaccination was evaluated,

no significant differences were observed
between pigs vaccinated or not vaccinated
against M hyopneumoniae.

Discussion

Porcine circovirus associated diseases can
affect pigs of widely varying ages. When
investigating veterinary diagnostic labora-
tory case trends over time, it is important to
realize that submission behaviors can change
over time as veterinary practitioners and
producers become accustomed to the differ-
ent clinical manifestations of PCVAD. All
known manifestations of PCVAD, including
PMWS, respiratory disease, PDNS, enteric
disease, and reproductive failure, were
described as early as 2003, but it is certainly
possible that some PCVAD forms were
initially not recognized by some submitting
veterinarians or pathologists in charge of
case investigations and may have been mis-
classified. Also, it is possible that new discase

definitions of PCVAD and submission
biases during 2003-2010 affected the age
distribution; however, we used the numbers
of submissions instead of individual pigs to
minimize the possible effects of large num-
bers in a few submissions.

On the basis of review of 3565 PCVAD
cases submitted to the ISU-VDL in the mid-
western United States between 2003 and
2010, pigs between 12 and 16 weeks of age
appear to be most susceptible to PCVAD,
and the age distribution was unchanged
following the introduction and widespread
use of PCV2 vaccination during 2007-2010.
Limitations of this work comprising data
from submissions to the ISU-VDL include
the following: certain states such as Iowa
may be over-represented, with higher num-
bers than other states due to proximity of the
ISU-VDL to pig producers; multiple cases
are likely to have come from individual facil-
ities; a portion of the cases included multiple
pigs; and samples from states outside the
Midwest, such as Texas, North Carolina,
Oklahoma, and others, were also included.
A recent surveillance study for PMWS
conducted in Spain assessing PCVAD cases
between 1998 and 2008 revealed an older
mean age (approximately 14 weeks) for
PCVAD cases in 2005.3? Considering that
the PCVAD epidemic in Spain started 4 to
5 years before it started in the United States,
there are certainly some similarities between
trends found in the Spanish VDL and in

the ISU-VDL, such as the peak in age in the
Spanish study in 2005, which was observed
5 years after the peak in cases in 2000, and
the peak in age observed in the current study
in 2008, which was also observed after the
peak in cases in 2006. However, the mean

age of PCVAD-diagnosed pigs appeared to
decline from 2008 to 2010 in this study. After
PCV2 vaccines became widely used, 98% of
all pigs that reach the market in the United
States are thought to be vaccinated against
PCV?2 (oral communication, Dr Edgar Diaz,
Bochringer Ingelheim Vetmedica, 2010), and
the mean age of pigs affected by PCVAD
decreased by 2.4 weeks between 2008 and
2010. Much more needs to be learned

about PCVAD, but among other facts, this
observation raises concern that a lower level
and duration of passive immunity is being
transferred to piglets. Also not currently
approved in the United States, regimens to
vaccinate breeding herds to enhance levels of
passively acquired antibodies in growing pigs
may need to be considered in the few herds

Journal of Swine Health and Production — Volume 20, Number 1

21



Table 3: Prevalence and mean group PCV2 antibody (ELISA* S:P ratios) and viremia levelst in pigs in the same treatment group,
either vaccinated or not vaccinated against Mycoplasma hyopneumoniae, at 0, 7, and 14 DPI3.

Parameter . No. of positive pig/total no. of pigs (mean + SE)
Group M hyopneumoniae
0 7 14
AGE-2 Nonvaccinated 10/10 (0.46 £ 0.05) 7/10(0.38 £ 0.07) 6/10(0.31£0.05)
Vaccinated 6/11(0.32 £ 0.07) 5/11(0.30 £ 0.06) 6/11(0.27 £ 0.06)
PCV2antibody  AGE-7 Nonvaccinated 8/10 (0.40 £ 0.07) 6/10(0.23 £0.03) 10/10 (0.29 + 0.02%)
Vaccinated 10/10 (0.44 + 0.03) 5/10 (0.25 £ 0.03) 10/10 (0.39 +0.04b)
AGE-12 Nonvaccinated 3/10(0.18 £ 0.02) 1/10(0.11 £ 0.02) 10/10 (0.36 + 0.03)
Vaccinated 2/11(0.15£0.03) 1/11(0.11 £ 0.02) 10/11(0.40 £ 0.03)
AGE-2 Nonvaccinated 0/10 (0) 8/10(3.15 £ 0.55) 7110 (3.27 £0.76)
Vaccinated 0/11(0) 7111 (3.12£0.78) 7/11(3.22£0.83)
Vireria AGE-7 Nonvaccinated 0/10 (0) 10/10 (4.88 £ 0.22) 10/10 (4.72 + 0.34)
Vaccinated 0/10 (0) 10/10 (4.92 £ 0.25) 10/10 (4.35+0.30)
AGE-12 Nonvaccinated 0/10 (0) 10/10 (5.85 £ 0.16%) 10/10(5.19 £ 0.27)
Vaccinated 0/11 (0) 11/11 (6760225  11/11(5.41 £0.20)

* ELISA based on a recombinant ORF2 capsid protein of PCV2.28
+ PCV2 DNA quantified by real-time polymerase chain reaction3? and presented as log1o PCV2 DNA copies/mL.

# Treatment groups described in Table 1.

b Values with different superscripts within a column and within a parameter represent significant differences between pigs in the same treat-
ment group either vaccinated or not vaccinated against M hyopneumoniae (P < .05; pairwise testing using the Tukey-Kramer adjustment).

PCV2 = porcine circovirus type 2; ELISA = enzyme-linked immunosorbent assay; S:P = sample-to-positive ratio; DPI = days post inoculation;

ORF2 = open reading frame 2.

that do not currently vaccinate growing pigs
for PCV2 or that have ongoing or recurring
PCVAD problems in vaccinated growing
pigs. Alternatively, other recently re-emerging
pathogens such as rotavirus or Brachyspira
species could be interacting with PCV2

and increasing replication earlier in life. In
addition, the observation of age-dependent
susceptibility to PCV2 could also be partially
due to changes in submission practices.

Under experimental conditions, we found
that AGE-12 pigs had significantly higher
levels of PCV?2 viremia than AGE-2 and
AGE-7 pigs after PCV2 challenge. This
suggests that 12-week-old pigs are more
susceptible to PCV2 infection than younger
pigs. This finding was also consistent with
the predominance of pigs 12 to 16 weeks of
age among the laboratory-submitted cases.
There is much debate among practitioners on
the significance of PCV2 viremia on an indi-
vidual piglevel and on a herd level, and more
clarification on the impact of PCV2 viremia is
needed. It appears that higher levels of PCV2
could increase the risk of secondary infec-
tions due to immune suppression or immune

modulation. Additionally, PCV2 transmis-
sion within a population could be enhanced,
but further studies on this are needed. Some
PCV2 vaccines have been shown to reduce
or even prevent PCV2 viremia under experi-

mental conditions.!41¢

There are contradictory reports on the
efficacy of maternally derived anti-PCV2
antibodies. While clinical investigation
suggested that low PCV2 antibody titers in
sows were positively related to mortality in
their of'fspring,34 virological and serological
surveys showed that high levels of anti-
body to PCV2 in sows does not relate to a
decrease in PCV2 viremia in their piglets.>>
Some studies suggested that passive immu-
nity was able to prevent the development of
PCVAD, but not subclinical PCV?2 infec-
tion.?® In this study, five of 21 pigs in the
AGE-2 group were negative for PCV?2 vire-
mia at both 7 and 14 DPL It is possible that
these pigs had a sterilizing immunity, and
the passively acquired antibodies in these
pigs prevented PCV?2 replication entirely.

It is also possible that PCV2 viremia was
very short in these pigs and with the 7-day

sampling interval used in this study, we were
unable to detect viremia. Since we selected
piglets with lower S:P ratios at the begin-
ning of the study, this may not be entirely
representative of the field situation and the
results may differ in production systems
where there are piglets with high anti-PCV2
antibody levels.

It has also been suggested that the protec-
tion conferred by maternal antibodies may
be titer dependent.?” In the present study,
PCV2-seropositive AGE-2 pigs at the time
of challenge had significantly lower levels of
PCV2 viremia and overall lymphoid scores,
as well as less PCV2 antigen in tissues com-
pared with seronegative AGE-2 pigs after
challenge, suggesting that the maternally
derived antibody provided protection. This
is in agreement with a previous study?° that
suggested that dissemination and persistence
of PCV2 may depend on the level of PCV2
antibodies at the time of inoculation. More-
over, since AGE-12 pigs had significantly
lower PCV2 ELISA S:P ratios than AGE-2
and AGE-7 pigs at the time of inocula-
tion, we speculate that the lower antibody
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Table 4: Prevalence and group mean PCV2 viremia levels* of seronegative and
seropositive pigst at the time of inoculation with PCV2 at 7 and 14 DPI+.

Group PCV2antibody No. of positive pigs/total no. of pigs (mean + SE)
status at the
time of DPI7 DPI 14
inoculation
SEET Negative 5/5 (5.39 £ 0.27?) 5/5 (5.46 + 0.65%)
Positive 10/16 (2.43 + 0.49b) 9/16 (2.55 +0.61°)
ACE7 Negative 2/2(5.20+0.16) 2/2 (4.30+0.23)
Positive 18/18 (4.87 +0.18) 18/18 (4.56 £ 0.25)
ACED Negative 16/16 (6.40 £0.21) 16/16 (5.33 £0.21)
Positive 5/5(6.09 +0.21) 5/5(5.21+0.21)

PCV2 DNA copies/mL.
t Treatment groups described in Table 1.

PCV2 DNA quantified by real-time polymerase chain reaction®? and presented as logo

+ Sera tested by ELISA based on a recombinant ORF2 protein of PCV2, with sample-to-
positive ratio > 0.2 the cutoff for a positive test.

ab

Values with different superscripts within a column and within a parameter represent

significant differences between PCV2 seronegative and PCV?2 seropositive pigs in the
same group (P < .05; pairwise testing using the Tukey-Kramer adjustment).

PCV2 = porcine circovirus type 2; DPI = days post inoculation; ELISA = enzyme-linked immu-
nosorbent assay; ORF2 = open reading frame 2.

levels in the AGE-12 group at that time may
have been responsible for their increased
susceptibility, as defined by the higher PCV2
viremia levels of this group. However, we did
not observe lower levels of PCV2 viremia in
seropositive AGE-7 and AGE-12 pigs than in
their seronegative counterparts. This may be
due to the uneven distribution of the pigs, the
different immunological status of pigs of dif-
ferent ages, or additional unknown factors.

Immune activation has been suggested as

an important triggering factor of PCVAD
under experimental conditions using 1-day
old gnotobiotic piglets®® or 7- to 10-week-
old conventional pigs.** However, there are
also studies showing that immunostimula-
tion does not seem to play a critical role in
development of PCVAD.?4! In the present
study, in order to investigate the effect of
immunostimulation on PCV?2 infection

in pigs of different ages, both M hyopneu-
moniae-vaccinated and nonvaccinated pigs
were present in all three age groups. Interest-
ingly, only AGE-12 vaccinated pigs had sig-
nificantly higher PCV2 DNA loads at 7 DPI
compared to nonvaccinated pigs, whereas in
the other age groups, there were no signifi-
cant differences between the vaccinated and
nonvaccinated pigs. Possible explanations
for this finding could be differences in the

interval between vaccine administration and

challenge (1 week for AGE-2, 6 weeks for
AGE-7, and 11 weeks for AGE-12) and the
age of the pigs at PCV2 challenge. However,
since low numbers of pigs were used in the
present study and they were vaccinated with
only one product, this finding should be
further investigated using larger groups of
pigs and different vaccines.

In summary, assessment of diagnostic data
from PCVAD cases submitted to a mid-
western United States VDL from 2003 to
2010 indicated that PCVAD was most com-
monly observed in 12- to 16-week-old pigs.
Under experimental conditions, AGE-12
pigs had significantly lower PCV2 antibody
levels than AGE-2 and AGE-7 pigs at the
time of inoculation and had significantly
higher PCV2 viremia levels than AGE-2
and AGE-7 pigs after PCV2 inoculation.
The effect of passively acquired antibodies
protecting against PCV2 challenge was less
evident in older pigs.

Implications

o Under field conditions in the United
States, 12- to 16-week-old pigs are most
commonly affected by PCVAD.

o Under experimental conditions,
12-week-old pigs are more susceptible
to PCV2 infection than are 2- and
7-week-old pigs.
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