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Summary

This study compared use of a single dose to
two doses of a one-dose porcine circovirus
type 2 (PCV2) vaccine. Two doses of the
PCV2 vaccine administered at 1 and 3
weeks of age (extra-label use) provides no
additional protection, compared to one dose
administered at 3 weeks of age.
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Resumen - Evaluacién patolégica, viroldgica,
¢ inmunoldgica de una dosis tinica contra
dos dosis de una de vacuna subunitaria de
una dosis contra circovirus porcino tipo 2
bajo condiciones experimentales

Este estudio compard el uso de una dosis
tnica contra dos dosis de la vacuna de una
dosis del circovirus porcino tipo 2 (PCV2 por
sus siglas en inglés). Dos dosis de la vacuna
PCV2 administrada en las semanas 1 y 3 de
edad (uso fuera de etiqueta) no proveen pro-
teccion adicional, comparado con una dosis
administrada a las 3 semanas de edad.

Résumé - Evaluations immunologique,
virologique, et pathologique de
I'administration d’une dose unique versus
deux doses d’un vaccin sous-unitaire a dose
unique contre le circovirus porcin de type
2 sous des conditions expérimentales

Dans cette étude nous avons comparé
l'utilisation d'une dose unique a celle de deux
doses d’un vaccin 4 dose unique contre le
circovirus porcin de type 2 (CVP2). Deux
doses du vaccin CPV2 administrées a 1 et

3 semaines d’age (utilisation en dérogation)
ne fournissent pas de protection addition-
nelle, comparativement 4 une administration
unique donnée A 3 semaines d’Age.

orcine circovirus type 2 (PCV2) has
P been identified in association with

several conditions in pigs, including
postweaning multisystemic wasting syn-
drome, porcine dermatitis and nephropathy
syndrome, porcine reproductive disorders,
and porcine respiratory disease complex.!
These syndromes and diseases are col-
lectively referred to as porcine circovirus-
associated disease (PCVAD).! Since the first
commercial PCV2 vaccine (Circoflex; Boeh-
ringer Ingelheim Vetmedica Inc, St Joseph,
Missouri) was introduced in Korea in 2008,
an additional four commercial PCV2 vac-
cines have also been marketed: Fostera
PCV (Zoetis, Florham Park, New Jersey),
Circovac (Merial, Lyon, France), and Porcilis
PCV and Circumvent PCV (MSD Animal
Health, Summit, New Jersey). Currently,

Circumvent PCV is the only two-dose vac-
cine available in Korea, but it is used rarely
because of adverse reactions such as lethargy
and loss of appetite (personal communica-
tion with producers).

Under Korean field conditions, many swine
producers believe that vaccinating twice
instead of once provides better PCVAD
control. Because PCVAD usually occurs in
pigs 6 to 12 weeks of age,” many swine pro-
ducers vaccinate pigs twice at 1 and 3 weeks
of age with the dose recommended for a
one-dose PCV2 vaccine (Circoflex) (per-
sonal communication with producers). An
alternative vaccination schedule is possible at
2 and 4 weeks of age; however, Korean swine
producers prefer 1 and 3 weeks of age, as
mandatory classical swine fever vaccination
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is administered at 4 weeks of age. However,
to the knowledge of the authors, no studies
have compared single versus dual dosing of
a one-dose PCV?2 vaccine in Korea. Hence,
the objective of this study was to determine
the immune response, viral load, and lesions
in pigs vaccinated with either a single dose
or two doses of a one-dose PCV2 vaccine
administered at 1 and 3 weeks of age.

Materials and methods

All animal protocols were approved by the
Seoul National University Institutional Ani-
mal Care and Use Committee.

Thirty colostrum-fed, crossbred, conventional
piglets were purchased at 5 days of age from a
commercial farm. Upon arrival at a research
facility, all piglets used in this study tested
negative for porcine reproductive and respira-
tory syndrome virus (PRRS virus) and Myco-
plasma hyopneumoniae by serological testing
(ELISA; PRRS X3 Ab test and M. hyo Ab
test, respectively; Idexx Laboratories Inc,
Westbrook, Maine). All piglets also tested
negative for PCV2 viremia by real-time poly-
merase chain reaction (PCR) and seronega-
tive against PCV2 by commercial ELISA for
PCV2 IgG (Synbiotics, Lyon, France).
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A rotal of 30 pigs were randomly divided

into six groups (five pigs per group) using

the random number generation function in
Excel (Microsoft Corporation, Redmond,
Washington) (Table 1). Sample size was
calculated assuming a 90% power (1 - 8 =.90)
of detecting a difference at the 5% level of
significance (@ = .05), which was based on
expected results of ELISA antibody titers,
virus load determined by PCR, and lymphoid
lesions represented by scores.? The treatment
timeline is shown in Table 1. Pigs in Group

1 and Group 2 were administered one 1.0-
mL dose of Circoflex intramuscularly in the
right side of the neck at 3 weeks of age. Pigs
in Group 3 and Group 4 were administered
two 1.0 mL doses of Circoflex intramus-
cularly in the same anatomic site, at 1 and

3 weeks of age. At 49 days of age (day 0; day
ofchallenge), each pigin groups 1, 3, and

5 was inoculated intranasally with 2 mL of
PCV2b (strain SNUVR000463; 5th passage;
1.0 x 10° median tissue culture infective
doses per mL). Group 5 pigs served as the
positive control group (challenged but not

vaccinated). Group 6 pigs were unchallenged
and unvaccinated (no vaccine administered)
and served as the negative control group.
Groups were housed in separate rooms within
the same facility. Blood samples were collected
at study days -42,-28,0,7, 14, 21, and 42.

The QIAamp DNA Mini Kit (Qiagen Inc,
Valencia, California) was used to extract
DNA from serum samples. The DNA
extracts were used to quantify numbers of
PCV2 genomic DNA copies by real-time
PCR as previously described. The number
of copies of PCV2 genomic DNA per mL of
serum was converted to log;o for analysis.

All pigs were euthanized for necropsy at
day 42. Superficial inguinal lymph nodes
were collected for histopathology and
immunohistochemistry.

Serum samples were tested using a com-
mercial PCV2 ELISA IgG (Synbiotics)
and serum virus neutralization.> Serum
samples were considered positive for PCV2
IgG antibody if the reciprocal ELISA titer

Table 1: Means (standard deviation) of lymphoid lesion scores and numbers of
lymphoid porcine circovirus type 2 (PCV2) antigen-positive cells in pigs vac-
cinated with either a single dose or two doses of a one-dose PCV2 vaccine and

challenged with PCV2*

Group Age at vaccination Challenge L).(mphoid No. of Rositive
Dok erehe o] e lesion scoret  lymphoid cells#

1 None 1mL Yes 0.6 (0.55)? 6.0 (4.42)?

2 None 1TmL None ob ob

3 1mL 1mL Yes 0.4 (0.55)2P 4.6 (3.57)2b

4 TmL TmL None 0P 0P

5 None None Yes 1.4 (0.54)¢ 20.6 (7.27)¢

6 None None None ob ob

Group 1 and 2 pigs were vaccinated with a one-dose PCV2 vaccine (Circoflex; Boeh-

ringer Ingelheim Vetmedica Inc, St Joseph, Missouri) at 3 weeks of age. Group 3 and
Group 4 pigs were vaccinated with two doses of the same one-dose PCV2 vaccine at
1 and 3 weeks of age. Group 1 and Group 3 pigs were inoculated intranasally with a
PCV2b strain at 7 weeks of age. Blood samples were collected from pigs with antico-
agulant for PCV2-specific interferon-y-secreting cells and without anticoagulant for
serological testing at study days -42, -28, 0 (day of challenge), 7, 14, 21, and 42.

t Pigs in all groups were euthanized at 13 weeks of age. Superficial inguinal lymph node
was collected for histopathology and immunohistochemistry. Lymphoid lesion scores:
0 = no lymphoid depletion or granulomatous replacement; 1 = mild lymphoid deple-
tion; 2 = moderate lymphoid depletion; and 3 = severe lymphoid depletion and
histiocytic replacement. Scores were compared among groups using Fisher’s exact test.

+ Numbers of lymphoid cells positive for PCV2 antigen per unit area (0.25 mm?) were
counted using an NIH Image] 1.45s program (http://imagej.nih.gov/ij/download.html).
Numbers of positive cells were compared among groups using Tukey’s test.

abe \Within a column, values with different superscript letters are significantly different

(P<.05).

was greater than 350, according to the
manufacturer’s instructions. Neutralizing
antibody (NA) data were converted to log,
for analysis. The numbers of PCV2-specific
interferon-y-secreting cells (IFN-y-SCs) were
determined in peripheral blood mononuclear
cells (PBMCs) by the enzyme-linked immu-
nospot (ELISPOT) method as previously
described.® Whole PCV2b (the strain used
for challenge) at a multiplicity of infection
of 0.01 was used as a stimulant of PBMC:s.
Phytohemagglutinin (10 pg per mL; Roche
Diagnostics GmbH, Mannheim, Germany)
and phosphate buffered saline were used as
positive and negative controls, respectively.

For morphometric analysis of histopatho-
logical lesion scores and numbers of PCV2-
positive cells in lymph nodes, the superficial
inguinal lymph node was collected from
each pigand three sections of that lymph
node were examined blindly as previously
described.” Lymphoid lesions were scored
on ascale from 0 to 3: 0, no lymphoid deple-
tion or granulomatous replacement; 1, mild
lymphoid depletion; 2, moderate lymphoid
depletion; and 3, severe lymphoid depletion
and histiocytic replacement.” The number
of lymphoid cells positive for PCV2 antigen
per unit area (0.25 mm?) of lymph node
was counted using an NIH ImageJ 1.45s
program (http://imagej.nih.gov/ij/
download.html).?

Continuous data (PCV2 DNA [log;o PCV2
genomic copies per mL] determined by real-
time PCR; PCV2 ELISA titer; number of
IFN-y-SCs per 10° PBMCs determined by
ELISPOT assay, and numbers of lymphoid
cells positive for PCV2 antigen per unit

area [0.25 mm?] determined by immuno-
histochemistry) were analyzed using a one-
way analysis of variance (ANOVA). If the
ANOVA showed a significant effect, Tukey’s
test for multiple comparisons was performed
at each time point. Fisher’s exact test was
used for discrete data (lymphoid lesion
score). A value of P < .05 was considered to
be significant.

Results

No PCV2 DNA was detected in the serum
samples of pigs tested at days -42, -28,

and 0. On days 7 to 42, the numbers of
genomic copies of PCV2 in serum were
significantly lower (P < .05) in Group 1 and
Group 3 (vaccinated, challenged pigs) than
in Group 5 (unvaccinated, challenged pigs)
(Figure 1). However, numbers of genomic
copies of PCV2 in serum did not differ
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Figure 1: Means (with standard deviation) of the log;( transformed number of genomic copies of PCV2 DNA in serum of pigs
in the study described in Table 1. Different letters indicate significant differences among groups (P < .05; one-way ANOVA).
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between one-dose (Group 1) and two-dose
(Group 3) vaccinated, challenged pigs. No
PCV2 DNA was detected in serum of pigs in

groups 2, 4, and 6 throughout the experiment.

On day -28, anti-PCV2 IgG antibody

titers (Figure 2A) and genomic mean NA
titers (Figure 2B) were significantly higher
(P < .05) in pigs vaccinated with two doses
of the vaccine (Group 3 and Group 4),
than in pigs vaccinated with a single dose
of PCV2 vaccine (Group 1 and Group 2).
From day 0 to 21, anti-PCV2 IgG antibody
titers (Figure 2A) and genomic mean NA
titers (Figure 2B) were significantly higher
(P < .05) in vaccinated pigs (groups 1,2,
3,and 4), than in unvaccinated challenged
pigs (Group 5). On days 0 and 7, numbers
of PCV2-specific IFN-y-SCs were signifi-
cantly higher (P < .05) in vaccinated pigs
(groups 1, 2, 3, and 4) than in unvaccinated
challenged pigs (Group 5) (Figure 2C).

No anti-PCV2 IgG antibodies or PCV2-
specific NA or IFN-y-SCs were detected in
Group 6 (negative control).

The number of lymphoid cells positive

for PCV2 antigen was significantly lower
(P <.05) in the vaccinated groups (Group 1
and Group 3) than in the positive control

group (Group 5) (Table 1). However,
lymphoid lesion scores and the number of
lymphoid cells positive for PCV2 did not
differ between challenged pigs administered
one dose (Group 1) or two doses (Group 3)
of PCV2 vaccine.

Discussion

Commercial PCV2 vaccines approved for
single-dose administration have become more
popular because a one-dose PCV2 vaccine
requires less labor and reduces stress to ani-
mals. A major disadvantage of using a single
dose is that it does not generate an immuno-
logical booster response.” Therefore, in Korea,
some swine producers prefer to vaccinate

pigs twice, at 1 and 3 weeks of age, with the
one-dose vaccine, because PCVAD usually
occurs in pigs between 6 and 12 weeks of age
under Korean field conditions.? In this case,
there are two concerns with administering an
additional dose of a one-dose vaccine to very
young pigs (1 week of age): the potential for
interference with maternally derived antibod-
ies and the immature immune system. Experi-
mental evidence indicates that efficacy of
PCV2 vaccines is not affected by maternally
derived antibodies.!%1! Nonetheless, interfer-
ence with the efficacy of the PCV2 vaccine
depends on the concentration of maternally

derived antibodies at the time of vaccination.
High immunoperoxidase monolayer assay
titers (> 10 log,) interfere with develop-
ment of the humoral immune response after
vaccination.!? Also, as part of the attributes
of the development process of the immune
system, 1-week-old pigs fail to mount a strong
primary immune response when the pig is
boostered at 3 weeks of age.13 This suggests
that it is more effective to vaccinate pigs older
than 1 week of age.

Although differences in immunological
parameters at challenge were apparent
between pigs vaccinated with either one or
two doses of the one-dose vaccine in this
study, there were no significant differences in
PCV2 viremia or PCV2-associated lesions
after challenge. Two additional measures,
viral load and viral lesions, are critical
parameters to evaluate the efficacy of PCV2
vaccines.!3 High levels of PCV2 viremia

are associated with development of PCV2-
associated lesions.}*15 These observations
demonstrate that an additional vaccination
in week 1 of life yields no additional protec-
tion over a single dose vaccination in week 3.
Therefore, two doses of a one-dose PCV2
vaccine administered at 1 and 3 weeks of
age, which constitutes extra-label use of the
vaccine, provides no additional protection
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Figure 2: Means (with standard deviation) for anti-PCV2-IgG antibody titers (panel A); log; transformed group means (with
standard deviation) for neutralizing antibody (NA) titers (panel B); and mean (with standard deviation) of PCV2-specific interferon-
y-secreting cells (IFN-y-SCs) in peripheral blood mononuclear cells (PBMCs) (panel C) in the study described in Table 1. Different
superscript letters indicate significant differences among groups (P < .05; one-way ANOVA).
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compared to the labelled dose, a single vac- Disclaimer 4. Gagnon CA, del Castillo JR, Music N, Fontaine G,

cination administered at 3 weeks of age.

Implication

Extra-label use of Circoflex by administering
two doses at 1 and 3 weeks of age instead of a
single dose at 3 weeks of age is not necessary

for control of PCVAD.
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Figure 2 continued: Means (with standard deviation) for anti-PCV2-IgG antibody titers (panel A); log, transformed group means
(with standard deviation) for neutralizing antibody (NA) titers (panel B); and mean (with standard deviation) of PCV2-specific
interferon-y-secreting cells (IFN-y-SCs) in peripheral blood mononuclear cells (PBMCs) (panel C) in the study described in Table 1.
Different superscript letters indicate significant differences among groups (P < .05; one-way ANOVA).
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