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Summary

A 4800-sow farrow-to-wean farm with

a new on-site gilt-development facility
experienced an 8-week period of increased
abortions and mummified pigs in gilt
litters. Replacement gilts previously sup-
plied from an external source at 24 weeks
of age were not affected. Fetuses from 10
aborted litters were necropsied. Placenta,
umbilical cord, stomach contents, thoracic
fluid, heart, lung, liver, spleen, kidney, and
thymus, and whole blood from dams, were
collected. Histopathological evaluation
demonstrated nonsuppurative myocardial
mononuclear inflammation with extensive

multifocal myocardial mineralization. In
all litters submitted, porcine circovirus

type 2 (PCV2) antigen was identified

by immunohistochemistry in fetal heart
lesions. Pooled fetal lung tissue was positive
for PCV2 by polymerase chain reaction
(PCR). Fetal lung tissue and thoracic fluid
were PCR-negative for porcine repro-
ductive and respiratory syndrome virus
(PRRSYV). Fetal lung tissue was negative for
parvovirus by fluorescent antibody testing.
Fetal kidneys were culture-negative for
Leptospira and other pathogenic bacteria.
Gilt sera were negative for PRRSV by PCR
and negative for antibodies to PRRSV by

ELISA. Serological testing of gilts demon-
strated low antibody titers to parvovirus
and six serovars of Leprospira interrogans.
In addition, PCV2-associated enteritis,
pneumonia, and systemic infections were
diagnosed in five 20-week-old gilts during
the period of reproductive failure.
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Resumen - Falla reproductiva asociada con
el circovirus porcino tipo 2 en primerizas

Una granja de 4800 hembras de parto a
destete con una nueva unidad de desarrollo
de primerizas experimentd un aumento de
abortos y cerdos momificados en camadas
de primerizas por un periodo de 8 semanas.
Las primerizas de reemplazo previamente
abastecidas por una fuente externa a las 24
semanas de edad no fueron afectadas. Se
realizé la necropsia a los fetos de 10 cama-
das abortadas. Se recolectaron placenta,
cordén umbilical, contenidos del estémago,
fluido tordcico, corazén, pulmdn, higado,
bazo, rifién, y timo, y sangre de las madres.
La evaluacién histopatoldgica demostré
inflamacién no supurativa mononuclear del
miocardio con mineralizacién multifocal
extensiva del miocardio. En todas las cama-
das analizadas, se identificé el antigeno

del circovirus tipo 2 (PCV2 por sus siglas
en inglés) porcino por inmunohisto-
quimica en lesiones de corazdn fetal. El
tejido pulmonar fetal analizado en grupos

resultd positivo al PCV2 por la reaccién en
cadena de polimerasa (PCR por sus siglas
en inglés). El tejido pulmonar y el fluido
tordcico fetales resultaron PCR negativos
al virus del sindrome reproductivo y res-
piratorio porcino (PRRSV por sus siglas

en inglés). El tejido pulmonar fetal resulté
negativo a parvovirus mediante la prueba
de anticuerpos fluorescentes. Los rifiones
fetales resultaron negativos al cultivo de
Leptospira y otras bacterias patégenas.

El suero de las primerizas fue negativo a
PRRSV por PCR y negativo a los anticu-
erpos de PRRSV por ELISA. Las pruebas
seroldgicas de las primerizas demostraron
bajos titulos de anticuerpos a parvovirus y a
seis serovariedades de Leprospira interrogans.
Ademis, se diagnosticé enteritis asociada al
PCV2, neumonfa, e infecciones sistémicas
en cinco primerizas de 20 semanas de edad
durante el periodo de falla reproductiva.

Résumé - Echec reproducteur chez des
cochettes associé au circovirus porcin

type 2
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Une ferme de type naisseur-sevreur comp-
tant 4800 truies et possédant sur le site de
nouvelles installations de développement des
cochettes a été confrontée pendant une péri-
ode de 8 semaines avec une augmentation
des avortements et des porcelets momifiés
dans les portées des cochettes. Les cochettes
de remplacement fournies préalablement
par une source externe a 24 semaines d’age
n’éraient pas affectées. Des nécropsies ont
été effectuées sur les foetus provenant de

10 portées avortées. Le placenta, le cordon
ombilical, le contenu stomacal, le liquide
thoracique, le ceeur, le poumon, le foie, la
rate, le rein, et le thymus ont été récoltés, de
méme que du sang entier prélevé des meres.
Lévaluation histopathologique a montré une
inflammation non-suppurée mononuclée
du myocarde avec une minéralisation mul-
tifocale extensive du myocarde. Dans toutes
les portées soumises, I'antigéne du circovirus
porcin de type 2 (PCV2) a été identifié

par immunohistochimie dans les lésions
cardiaques feetales. Le pool de tissu pulmo-
naire était positif pour PCV2 par réaction
d’amplification en chaine par la polymérase
(PCR). Les échantillons de tissu pulmonaire
feetal et de fluide thoracique étaient négatifs
par PCR pour le virus du syndrome repro-
ducteur et respiratoire porcin (PRRSV). Le
tissu pulmonaire foetal était négadif pour le
parvorirus par immunofluorescence. Les tis-
sus rénaux foetaux étaient négatifs en culture
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pour Leptospira et autres bactéries patho-
genes. Les cochettes étaient négatives pour
le PRRSV par PCR et négative par ELISA
pour la présence d’anticorps dirigés contre
PRRSV. La conduite de tests sérologiques
chez les cochettes a démontré la présence
de faibles taux d’anticorps dirigés envers

le parvovirus et six sérovars de Leprospira
interrogans. De plus, des lésions d’entérite,
de pneumonie, et d’infections systémiques
associées 4 PCV2 ont été diagnostiquées
chez cinq cochettes 4gés de 20 semaines
durant la période des échecs reproducteurs.

orcine circovirus type 2 (PCV2)
Pdisease is commonly associated

with poor growth performance and
mortality in the grow-finish phase of swine
production. Porcine circovirus associated
disease (PCVAD) includes pneumonia,
systemic infections, lymphadenopathy with
lymphoid depletion, enteritis, and nephri-
tis. Other descriptions of PCVAD pathol-
ogy include post-weaning multisystemic
wasting syndrome and porcine dermatitis
and nephropathy syndrome.!? Less com-
monly reported are reproductive losses
attributed to PCV2 infection. Clinical
signs are described as increases in mid- to
late-term abortions, mummified fetuses,
stillborn pigs, and weak, non-viable piglets
at birth. Cases of reproductive disease asso-
ciated with PCV2 have been described in
newly populated herds and in replacement
breeding stock from new sources and are

almost exclusively reported in gilts.

The first reported case of PCV2-associated
reproductive failure in swine in 1999 by
West et al® described PCV?2 as the causative
agent of abortion in a single litter in a

herd experiencing late-term abortions as
well as increased incidence of stillborn and
mummified piglets in a new farm that had
been stocked with unbred gilts. No other
clinical signs of disease were reported, and
there was no demonstrated association with
other abortigenic agents, such as porcine
reproductive and respiratory syndrome
virus (PRRSV), parvovirus, or Leptospira
interrogans serovars. West et al® described
the fetal pathology as diffuse myocarditis
with extensive staining of PCV2 antigen by
immunohistochemistry, with PCV2 anti-
gen also present in other fetal tissues.

Other case reports and retrospective analy-
ses of reproductive failure have implicated
PCV2 cither as the sole agent or in con-
junction with other reproductive disease
agents.4’13 Others have demonstrated

that experimental infection with PCV2
can result in reproductive disease with
associated fetal pathology.'418 Subsequent
experimental work and field evaluation
suggest that the fetal heart is the main tar-
get organ of PCV2-associated reproductive
failure, but that this myocardial tropism
changes as gestational age increases.!?!

A more complete review of PCV2 patho-
genesis of reproductive losses has been
documented.?

Diagnosis of PCV2-associated reproductive
disease is based on three criteria: increased
late-term abortions and stillborns or mum-
mies or both; microscopic nonsuppurative
necrotizing to fibrosing myocarditis in fetal
heart tissue; and PCV2 antigen in affected
fetal tissues.?

Diagnosis of PCV2-associated reproduc-
tive failure is infrequent, according to

cases submitted to the following diagnostic
laboratories: the Iowa State University Vet-
erinary Diagnostic Laboratory (47 cases,
January 2000 to May 2007; L. Karriker,
written communication, 2007)2, the Uni-
versity of Minnesota Veterinary Diagnostic
Laboratory (19 cases, October 2006 to
May 2007; J. Torrison, written communi-
cation, 2007), the Kansas State University
Diagnostic Laboratory (four cases, Novem-
ber 2005 to May 2007; R. Hesse, personal
communication, 2007), the South Dakota
State University Animal Disease Research
and Diagnostic Laboratory (no cases, June
2006 to May 2007; L. Holler, personal
communication, 2007), and the University
of Guelph Animal Health Laboratory (four
cases, January 1998 to December 2004).24

This report describes reproductive failure
associated with PCV2 in gilts in a 4800-sow
farrow-to-wean facility.

Herd description

The case herd included 4800 sows in a
farrow-to-wean production system with a
newly added on-site gilt-development facil-
ity. Prior to construction of the gilt facility,
the on-site isolation building had received,
at 8-week intervals, 390 twenty-four to
26-week-old PRRS-negative gilts from an
external source. In the fall of 2005, the
owner had built a new 500-head nursery
and 500-head grower barn. The existing
isolation building was used as a 500-head
developer building. At 8- to 9-week inter-
vals, females were bred with a maternal
line of semen to produce replacement gilts.

Selected gilts were moved into a breeding
barn used primarily for gilt breeding, grow-
ers were moved into the developer, nursery
pigs were moved to the grower, and inter-
nally multiplied gilts were weaned into the
nursery as a cohort of candidates. For the
year prior to appearance of clinical signs,
monthly monitoring of serum samples
from 20 piglets at weaning tested PCR-
negative for PRRSV. Results of monthly
monitoring of 20 gilts 2 weeks before their
due dates, and bimonthly monitoring of
20 gilts at the end of each 8-week grow
phase in the on-site gilt facilities, remained
seronegative by Idexx PRRS ELISA (Idexx
Laboratories, Westbrook, Maine).

Candidate replacement gilts were vac-
cinated with a one-dose Mycoplasma hyo-
pneumoniae vaccine in the gilt nursery and
two doses of an autogenous trivalent swine
influenza virus (SIV) vaccine in the gilt
grower. Gilts received two doses of a parvo-
virus-Leprospira-erysipelas vaccine, and one
additional dose of both M hyopneumoniae
and SIV vaccines before entering the breed-

ing herd.

Clinical signs

During an 8-week period beginning
mid-March 2007, after the first internally
multiplied gilts had farrowed, the herd
experienced an increase in incidence of gilt
abortions and mummified fetuses in gilt
litters. Abortions included mummified or
stillborn fetuses or both, of varying crown-
rump lengths. Replacement gilts that had
entered the herd from the external source
were not affected.

Production data combining all parities
from PigCHAMP records (PigCHAMP,
Inc, Ames, Iowa) indicated an increase in
mummies during the 8-week period of the
outbreak. In the 52 weeks prior to the out-
break, average mummified fetuses per litter
was < 0.1. During the outbreak, average
mummified fetuses per litter increased to
0.4, ranging from 0.1 to 0.7 per litter per
week. In the 10-week period following the
outbreak, average mummified fetuses per
litter returned to the normal level of < 0.1.

Percentage of piglets born alive was lower
and percentage of stillborn and mummified
fetuses was higher in the internally sourced
gilts than in the externally sourced gilts
that had farrowed just before them. This
resulted in 1237 fewer piglets born alive to
internal gilts than expected from historical
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gilt performance (Table 1). The increase in
mummified fetuses was observed only in
gilt litters.

Between March 1 and May 31, 2007,
records showed that 17 of a total of 37
abortions (46%) occurred in gilts. In April,
at the peak of clinical disease, nine of the
total of 13 abortions (69%) occurred in
gilts. In contrast, during March 2006 to
January 2007, when replacement gilts
came from the external source, only 27 of
the total of 222 recorded abortions (12%)
occurred in gilts. Gilt abortions occurred at
79 to 109 days of gestation.

Laboratory testing

Mummified and stillborn fetuses and
whole blood were collected from gilts that
aborted, and fresh and formalin-fixed
tissues were collected from two to three
fetuses per litter of 10 aborted gilt litters.
Placenta, umbilical cord, stomach contents,
thoracic fluid, heart, lung, liver, spleen,
kidney, and thymus were collected from
each fetus. Tissue samples from a litter
were pooled in the same container and
submitted to the Iowa State University Vet-
erinary Diagnostic Laboratory (ISU-VDL)
in Ames, lowa.

Histopathological evaluation of fetal tissue
demonstrated nonsuppurative myocardial
mononuclear inflammation, extensive mul-
tifocal myocardial mineralization, scattered
foci of shrunken or poorly developed car-
diomyofibers, and scattered irregular foci of
myofiber atrophy or lack of development.
Immunohistochemistry for PCV2 was
positive in all licters from which samples
were submitted, with moderate amounts
of antigen in fetal heart tissues (Figure 1)
and other organs. Pooled lung tissue was
PCR-positive for PCV2, and lung tissue

and thoracic fluid were PCR-negative for
PRRSV. Fetal lung tissue was negative for
parvovirus by fluorescent antibody testing.
Leptospira organisms were not cultured
from fetal kidneys, and other pathogenic
bacteria were not isolated on routine bacte-
riological culture.

Gilt sera were PCR-positive for PCV2,
PCR-negative for PRRSV, and negative
for antibody to PRRSV by ELISA. Gilt
antibody titers to parvovirus and six L
interrogans serovars were low, suggesting a
lack of exposure to these pathogens.

Based on the clinical findings and results of
diagnostic tests, the diagnosis was PCV2-
associated fetal death and mummification
with myocardial necrosis or dysplasia.

Sequencing of a PCV2 isolate from one set
of mummified fetuses characterized it as a

PCV2b strain, with a predicted restriction

fragment length polymorphism pattern of
3-2-1.

Supporting the diagnosis of PCV2-associ-
ated disease, concurrent clinical signs of
PCVAD were observed in the on-site gilt
grower and developer populations during
the period of reproductive losses. Approxi-
mately 2% to 3% of the developing gilts
lost weight and body condition, developed
persistent diarrhea, appeared jaundiced,
demonstrated respiratory distress, and
responded poorly to antibiotic treatment.
Five 70-kg to 80-kg clinically affected gilts
were euthanized. Samples of heart, lung,
liver, spleen, kidney, ileum, jejunum, cecum,
colon, tonsil, and lymph nodes (thoracic,
bronchial, internal iliac, mesenteric, and
inguinal) were collected fresh and fixed in
formalin. Samples were submitted to the
ISU-VDL. Immunohistochemical staining
demonstrated moderate to severe lym-

phoid depletion with abundant amounts
of PCV2 antigen in all five animals, and
bronchointerstitial pneumonia and PCV2-
associated enteritis were evident in four of
the five animals. All pooled lung samples
were PCR-negative for PRRSV, SIV, and
M hyopneumoniae. Streptococcus suis was
isolated from lung tissue of one pig with
fibrinosuppurative epicarditis lesions.

Treatment and outcome

Due to an incomplete understanding of
the disease, the relative infrequency of the
syndrome, the short duration of clinical
signs, and inability of treatment programs
to control other PCV2-associated diseases,
there are no recommended treatments

for reproductive failure associated with
PCV2. Previously reported management
strategies have been limited to changing
the gilt source, planned exposure to PCV2-
infected tissues, or allowing the popula-
tion to become immune through natural
exposure. >

In February of 2007, this herd began a new
program for vaccination of replacement
gilts against PCV2. Weaned pigs placed

in the on-site gilt nursery were vaccinated
intramuscularly at 3 weeks of age with
Inglevac CircoFLEX (Boehringer Ingel-
heim Vetmedica, Inc, St Joseph, Missouri).
When PCV2 was diagnosed, pigs in the
nursery phase had already been vaccinated.
With the goal of eliminating remaining
nonimmune gilts, all internally multiplied
gilts in the developing and breeding herds
were vaccinated intramuscularly with Ingl-
evac CircoFLEX in April of 2007.

In an attempt to reduce the impact of
PCVAD in the grower and developer popu-
lations, affected animals were segregated and
either euthanized on-farm or shipped to a
cull market, depending on size and body

Table 1: Gilt farrowing performance data by gilt source in a herd experiencing an outbreak of reproductive failure

Performance means

Farrowing period No. of litters
Total born Bornalive Stillborn  Mummies
External source Jan 2006-Jan 2007 2395 11.24 10.88 0.32 0.04
Internal source Dec 2006-July 2007 1156 10.83 9.81 0.49 0.53
Performance difference NA NA 0.41 1.07 0.17 0.49
Difference in no. of pigs* NA NA -474 -1237 +197 +566

* Data for the externally sourced gilts was considered the performance standard. Difference in numbers of pigs born to externally and
internally sourced gilts was calculated by multiplying the difference between gilt sources for each performance mean by the number
of litters born to gilts from the internal source.

NA = not applicable.
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Figure 1:Porcine circovirus type 2 antigen (arrows) demonstrated by immunohistochemical staining of nonautolyzed
myofibers in a aborted fetus from a herd experiencing an outbreak of reproductive failure in internally sourced gilts (mag-

nification x 200).

condition. Three weeks after the develop-
ing gilt herd was vaccinated for PCV2, a
manure-feedback protocol was initiated,

ie, fecal material from sows and gilts in the
breeding and farrowing barns was collected
and fed to gilts in the development barn.

Discussion

This case of reproductive failure caused by
PCV2 involved a change in gilt source, as in
previously reported cases3®%10 Increases in
late-term abortions and mummified fetuses
were observed in gilts born and raised in the
new on-site gilt-development facilities, but
not in sows or gilts from a previous external
source. Prior to this outbreak, there was no
clinical or diagnostic evidence of PCVAD
in the herd. It is not clear if clinical disease
developed with introduction of nonimmune
gilts into the herd or with introduction of a
new PCV?2 strain.

Externally sourced sows in this herd did
not experience an outbreak of reproductive
failure, suggesting that these animals had
developed protective immunity prior to
breeding. Gilts born and raised on the farm
were weaned at 17 to 21 days of age, and
colostral immunity might have produced

a population of weaned gilts with passive
protection against PCV2. The first groups
of replacement gilts were placed in newly
built facilities where there would be little
or no environmental exposure to PCV2,
which may have predisposed groups of gilts
to enter the breeding herd with no active
immunity to PCV2. Exposure and infec-
tion during gestation may have resulted in
PCV2 viremia, subsequent fetal pathology,
and fetal death, manifested as an increase
in mummified fetuses and abortions.

The PCV2 isolate from this case was char-
acterized as a PCV2Db strain, which might

represent a novel strain introduced into the
herd. Isolates characterized as PCV2b have
been associated with a higher prevalence
of PCVAD outbreaks in Canadian?® and
Kansas2¢ swine herds than have isolates
characterized as PCV2a. However, a rela-
tionship between PCV2b and reproductive
disease has not been documented. Meehan
et al’ characterized two isolates from cases
of reproductive failure as PCV2b, and
Farnham et al?” identified two similar
isolates in stillborn pigs. In contrast, the
isolate that Yoon et al'” used to reproduce
reproductive disease was characterized as

a PCV2a isolate (KJ Yoon, written com-
munication, 2007). There are no other
published reports of strain identification
in cases of PCV2-associated reproductive
failure. No historical data concerning
PCV?2 status of this herd was available,
thus no temporal relationship may be made
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between identification of the isolate and
clinical disease. The impact of strain varia-
tion as it pertains to clinical disease and
epidemiology in this case is unclear.

Implications

* Differential diagnosis of abortions,
mummified fetuses, and stillborn pig-
lets should include PCV2, particularly
when gilts are predominantly affected.

e Confirmatory diagnosis of PCV2-asso-
ciated reproductive failure requires tis-
sue pathology and detection of PCV2
antigen in fetal tissues, especially fetal
heart tissue.

e Immunity of replacement gilts to
PCV2 should be considered when
changing gilt sources and in low-
immunity, high-risk herds, such as
all-gilt or low-parity herds, recently
populated herds, and herds with high

replacement rates.
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