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Summary
An outbreak of reproductive failure 
associated with porcine circovirus type 
2 (PCV2) occurred in a closed, PCV2-
naive, specific-pathogen-free herd in Iowa 
in 2009. Elimination of infectious PCV2 
from the breeding-herd site, the outcome 
after repopulation, and the attempt to 
derive PCV2-negative animals by offsite 
segregation are summarized. Clinical signs 
were limited to an increased incidence of 
mummified fetuses. After confirmation 
of PCV2-associated lesions in the fetuses 

and PCV2 viremia in dams, the herd was 
depopulated. Cleaning and disinfection of 
the premises prior to repopulation included 
removal of gross organic material, exposure 
of equipment to natural UV light, multiple 
applications of disinfectant, and application 
of paint or sealer to porous surfaces. During 
the 63-day clean-up period, no pigs were on 
the site. An improved biosecurity plan was 
implemented. The herd was repopulated 
and a PCV2-naive population had remained 
PCV2-negative for 20 months at the time of 

writing. Attempts to derive PCV2-negative 
pigs from the positive herd following offsite 
segregation were unsuccessful. The combina-
tion of a multistep cleaning and disinfection 
protocol with a strict biosecurity plan can 
result in the maintenance of PCV2-naive 
animals on a previously contaminated  site.
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Resumen - Establecimiento y manten-
imiento de una piara libre del circovirus 
porcino tipo 2 (PCV2 por sus siglas en 
inglés) en un sitio que experimentó un 
brote natural de enfermedad reproductiva 
asociada con el PCV2

Un brote de falla reproductiva asociada con 
circovirus porcino tipo 2 (PCV2) ocurrió 
en una piara cerrada y previamente libre de 
PCV2 y patógenos específicos en Iowa en el 
2009. En este artículo, se resumen la elimi-
nación del PCV2 infeccioso del pie de cría, 
el resultado de la repoblación, y el intento de 
producir animales negativos al PCV2 medi-
ante la segregación fuera de sitio. Los signos 
clínicas se limitaron a un incremento en la 
incidencia de fetos momificados. Después de 
la confirmación de las lesiones asociadas con 
el PCV2 en los fetos y viremia de PCV2 en 
las hembras se despobló el hato. La limpieza 
y desinfección de las instalaciones antes de 

la repoblación incluyeron la eliminación de 
material orgánico, la exposición de equipo 
a luz UV natural, aplicaciones múltiples de 
desinfectante, y la aplicación de pintura ó 
sellador a las superficies porosas. Durante 
el periodo de limpieza de 63 días, no hubo 
cerdos en el sitio. Se implementó un plan de 
bioseguridad mejorado. El hato se repobló y 
la población ha permanecido libre de PCV2 
durante 20 meses y hasta el momento de la 
preparación de este manuscrito. Los intentos 
de producción de cerdos negativos al PCV2 
provenientes del hato positivo después de la 
segregación fuera del sitio fueron infructuo-
sos. La combinación del protocolo de desin-
fección y una limpieza de pasos múltiples 
con un estricto plan de bioseguridad pueden 
resultar en el mantenimiento de animales 
libres de PCV2 en un sitio previamente 
contaminado.

 

Résumé - Établissement et maintient d’un 
troupeau reproducteur exempt de circovirus 
porcin de type 2 (PCV2) sur un site pré-
alablement au prise avec une épidémie de 
problèmes reproducteurs associés au PCV2

Une épidémie de problèmes reproducteurs 
associés au circovirus porcin de type 2 
(PCV2) est survenue en Iowa en 2009 
dans un troupeau fermé, exempt d’agent 
pathogène spécifique et naïf pour le PCV2. 
L’élimination de PCV2 infectieux du site, 
le résultat après la repopulation, et la tenta-
tive d’obtenir des animaux PCV2 négatifs 
par ségrégation hors-site sont résumés. Les 
signes cliniques étaient limités à une aug-
mentation de l’incidence de fœtus momifiés. 
Après confirmation de lésions associées au 
PCV2 dans les fœtus et de virémie à PCV2 
chez les mères, une dépopulation du troupeau 
a été faite. Le nettoyage et la désinfection 
des lieux avant une repopulation incluaient 
l’enlèvement du matériel organique visible, 
l’exposition de l’équipement aux rayons 
UV naturels, des applications multiples de 
désinfectant, et l’application de peinture ou 
de scellant sur les surfaces poreuses. Aucun 
porc n’était présent sur les lieux pendant les 
63 jours de la période de nettoyage. Un plan 
de biosécurité amélioré a été mis en place. La 
repopulation du troupeau a été effectuée et la 
population naïve pour PCV2 est demeurée 
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Porcine circovirus type 2 (PCV2) is a 
small, non-enveloped, single-stranded 
DNA virus which emerged in the 

1990s as an economically important swine 
pathogen.1 The first report of PCV2 repro-
ductive disease occurred in a commercial, 
450-head herd composed entirely of first-
parity dams.2 The timing of infection was 
not determined in that case, and clinical 
signs on the farm included late-term abor-
tions (losses after 13 weeks of gestation), 
decreased farrowing rates, and increased 
stillborns and mummified fetuses; no 
clinical signs were reported in dams. In one 
of nine examined fetuses, myocarditis and 
abundant PCV2 antigen were identified in 
fetal myocardium. Other common pathogens 
associated with reproductive disease were 
not detected.2 Multiple case reports on 
PCV2-associated reproductive failure have 
subsequently been described in seropositive 
herds3,4 or in start-up herds or gilt popula-
tions that may have been serologically naive to 
PCV2.5-8 Common clinical features included 
increased numbers of mummified fetuses and 
stillborns at parturition, no or low numbers of 
dams exhibiting clinical signs, and resolution 
of clinical signs between 2 and 5 months fol-
lowing initial  detection.

Porcine circovirus type 2 is quite stable in 
vitro,9,10 and many disinfectants do not 
completely eliminate the virus under in 
vitro conditions.11-13 To our knowledge, no 
documented information exists on facility 
disinfection procedures for establishment 
and maintenance of a PCV2-negative herd. 
However, a procedure for room decontami-
nation used successfully by researchers at 
Iowa State University to disinfect rooms 
between PCV2 animal-inoculation studies 
was recently  described.14

A natural outbreak of PCV2-associated 
disease occurred in a high-health population 
previously known to be free of PCV2, and 
the procedure used to disinfect the premises, 

the outcome after repopulation, and an 
attempt to derive PCV2-negative animals by 
offsite segregation are  described.

Building  descriptions
The source herd was housed in a facility 
located in Iowa, originally built in the 1970s. 
The facility was composed of five 22.8 m × 
15.2 m buildings in close proximity to each 
other (15 to 30 m) with an associated waste 
lagoon. An uncovered concrete walkway 
connecting the individual buildings had 
been installed after herd depopulation fol-
lowing the 2009 outbreak. A diagram of the 
facility after May 2009 is shown in Figure  1.

General services building. Building 1, used 
as the general services building, was divided 
into two sides by a concrete wall. One side 
was used as the entrance to the facility with 
office space, shower, laundry, and locker 
room, and the second side provided storage 
for feed and equipment and tools for build-
ing maintenance. Building 1 had one door 
for entry into the sign-in area, a door that 
led out from the office area, and a garage 
door for entry into a feed and equipment 
storage  area.

Animal buildings. Buildings designated 2 
through 5 were used for animal housing. The 
animal buildings were completely enclosed, 
power ventilated, and had partially slatted 
floors with pull-plug drains. Buildings 2, 3, 
and 5 each had a center concrete wall which 
divided the building into halves lengthwise; 
each half had a separate access point and a 
separate manure pit (Figure 1). The manure 
pits were 1.2 m wide, 3.4 m long, and 0.9 m 
deep. The remaining floor space had a sloped 
solid floor. Building 4 had one manure pit 
1.2 m wide, 22.8 m long, and 0.9 m  deep.

Herd description and housing 
prior to depopulation in May 
 2009
Naive sows and gilts were placed on site 
approximately 2 years prior to the described 
outbreak. All animals came from a PCV2-
naive herd, as determined by PCV2 serologi-
cal and polymerase chain reaction (PCR) 
testing, and all were immediately tested by 
PCV2 serology and PCR after arrival at the 
facility. No new animals entered the facility 
from the time of initial population in Decem-
ber 2007 until depopulation in May of  2009. 
Sows were cross-bred, specific-pathogen-free 
animals naive for PCV2, porcine reproductive 
and respiratory syndrome virus (PRRSV), 

swine influenza virus (SIV), and porcine 
parvovirus (PPV), as determined by periodi-
cally performed serological testing (PCV2, 
PRRSV, SIV, and PPV) and PCR testing 
(PCV2, PRRSV) on sows of mixed pari-
ties and their offspring. Sows and gilts were 
housed in Buildings 2 and 3 during gestation 
and moved into Building 5 prior to farrowing. 
Building 3 contained mature boars as well as 
gestating sows. Building 4 was primarily used 
as a nursery unit. During the observation 
period, a total of 38 breeding animals were 
onsite (12 in Building 2, 13 in Building 3, two 
in Building 4, and 11 in Building  5).

PCV2-associated reproductive 
disease  outbreak
Outbreak detection and 
 confirmation
Details on the timeline of the PCV2 
outbreak are summarized in Figure 2. The 
outbreak was first noted on January 29, 2009, 
when a portion of weaned 2-week-old pigs 
from Building 4 were routinely screened and 
were positive for anti-IgG PCV2 antibodies 
when tested using a previously described 
ELISA.15 Subsequently, the presence of 
anti-PCV2 antibodies in the samples was 
confirmed by an in-house immunofluorescent 
antibody (IFA) assay,16 and PCV2 DNA was 
detected by using a quantitative real-time 
PCR with a detection limit of 1 × 103 cop-
ies per mL.17 Serum samples were collected 
from all sows, and a mixture of seropositive 
nonviremic animals, seropositive viremic 
animals, and seronegative viremic animals 
were detected in Buildings 2, 3, and 5. Nei-
ther anti-PCV2 antibodies nor PCV2 DNA 
were detected in the serum of the two gilts 
housed by themselves in one half of Build-
ing 4. The exact timing of infection was not 
deduced from this data. However, there were 
higher proportions of sows in which PCV2 
DNA was detected without detectable anti-
PCV2 antibody in Buildings 2 (four of 12; 
33.3%) and 3 (four of 13; 30.8%) than in 
Building 5 (one of 11; 9.1%). Infection was 
apparently most recent in Buildings 2 and 3 
and of longer duration in Building  5.

To further characterize the PCV2 strain 
that infected the herd, PCV2 open reading 
frame 2 (ORF2) sequencing was performed 
on extracted DNA from two sow serum 
samples and two piglet serum samples using 
a nested PCR as previously described.18 
The PCR products were purified using the 
QIAquick PCR purification kit (Qiagen, 
Valencia, California) per manufacturers’ 

 

négative pour PCV2 jusqu’au moment de 
la rédaction du présent rapport, soit 20 
mois plus tard. Des tentatives d’obtenir des 
animaux négatifs pour PCV2 à partir du 
troupeau positif par ségrégation hors-site se 
sont avérées infructueuses. La combinaison 
d’étapes multiples de nettoyage et de désin-
fection avec un plan strict de biosécurité 
peut se solder par le maintient d’animaux 
naïfs pour PCV2 sur un site préalablement 
contaminé.
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Figure 1: Diagram of a swine research breeding facility following complete depopulation in May 2009 after an outbreak of 
reproductive failure associated with porcine circovirus type  2.
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Figure 2: Timeline of events after detection of an outbreak of reproductive failure associated with porcine circovirus type 2 
(PCV2) in a swine research breeding facility and repopulation of the facility with a PCV2-naive research breeding herd.  
BSL-2 = Biosafety Level  2

Repopulation of half of 
Building 3 and Building 4  17-Nov-09

07-May-10

15-Dec-09 Repopulation of the other half of 
Building 3

All animals in all buildings 
seronegative for PCV2  

Complete depopulation of the breeding 
herd

29-May-09

Blood samples collected from all sows 
at the breeding facility. A mixture of 

PCV2-seropositive and viremic  
animals were detected in Buildings 2,  

3, and 5 
3-Feb-09

Weaned pigs moved from breeding-
herd facility (Building 4) to a BSL-2 

facility at a distant location  
27-Jan-09

Weaned pigs in BSL-2 
facility were seropositive 

for PCV2 and PCV2 
viremic. Sequencing 

con�rmed the presence of 
PCV2b

 

29-Jan-09  

One of 10 sows did not 
farrow on the expected 

date; 13 mummies expelled 

11-Feb-09

Repopulation of Building 5 31-Jul-09

12-Mar-10 Repopulation of Building 2  

First PCV2-negative li�ers19-May-10

3-Apr-09

Last three sows farrowed. Blood 
samples collected from piglets: PCV2-

negative piglets moved to a BSL-2 
facility  

instructions and sequenced at the Iowa 
State University DNA facility. Sequences 
were analyzed with Sequence Scanner 
software version 1.0 (Applied Biosystems, 
Foster City, California) and compared with 
four common PCV2a and PCV2b strains 
using the basic local alignment search tool 
(BLAST),19 and the isolate was identified 
as PCV2b (100% homology with GenBank 
Accession No.  EU340258).

Reproductive parameters 
and clinical observations in 
breeding animals from May 
2008 to April  2009
Farrowing data from the 38 sows between 
May 2008 and April 2009 were recorded by 
Iowa State University Laboratory Animal 
Resources personnel. Reproductive failure 
was evident in one sow that farrowed a term 
litter composed of 13 mummies in February 

2009. Microscopic evaluation of the mum-
mified fetal tissues revealed multifocal, severe 
myocardial necrosis with mineralization. 
Abundant PCV2 antigen was detected by 
immunohistochemistry (IHC) in the fetal 
myocardium.20 One sow was euthanized in 
May 2008 due to hind-limb paresis associated 
with a vertebral abscess. No other clinical 
signs were reported in the breeding herd dur-
ing this time period. The approximate time 
of PCV2 infection of the breeding herd was 
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between December 2008 and January 2009. 
The PCV2 status of 10 sows at midgestation 
(approximately 57 days; February 3, 2009) 
and their litter characteristics at farrowing 
(number of mummified fetuses, stillborns, 
and born-alive piglets) are summarized in 
Table 1. Although nine of the 10 sows were 
exposed to PCV2 as determined by PCR 
and serology data, reproductive performance 
appeared  normal.

Removal of PCV2 from the 
farm  environment
Facility biosecurity  protocols
Access to the facility was through a gated 
entrance that was locked when employees 
were not present. An additional perimeter 
fence enclosed the swine facility, where a 
biosecurity sign was posted. To further limit 
the number of personnel that had access, all 
animal buildings were locked at all times. 
At entry into the facility, a change of clothes 
was required. The only vehicles granted 
access to the swine facility were a snow 
blower and a lawn mower, both nonspecific 
to the swine facility, which were used for 
property maintenance. All equipment 
needed in the facility was disinfected with 
Virkon S (Dupont, Pharmacal Research 
Laboratories, Inc, Naugatuck, Connecticut) 
prior to entrance through the biosecurity 
gate. Upon access to the facility, the use of 

Table 1: Dam PCV2 antibody and viremia status at approximately 57 days of gestation (February 3, 2009) and characteristics of 
their litters at the time of farrowing in a swine research breeding herd naturally infected with  PCV2

*    ELISA previously described.15 Sample-to-positive ratios  presented.
†    IFA previously  described.16

‡    Determined by quantitative real-time polymerase chain  reaction.
PCV2 = porcine circovirus type 2; ELISA = enzyme-linked immunosorbent assay; IFA = immunofluorescent  assay.

Sow  
ID

Building Anti-PCV2  
antibodies

Viremia‡ Litter  
characteristics

ELISA* IFA† Log10 PCV2 DNA/mL Mummies Stillborns Born alive
93 2 0.149 Negative 4.08 0 3 15
48 2 0.078 Negative 3.49 0 0 14
5 3 1.154 Positive 5.39 0 1 11

96 3 0.484 Positive Below detection limit 4 5 4
97 3 0.088 Negative 4.65 0 2 13

186 3 0.044 Negative Below detection limit 0 4 7
237 3 0.912 Positive 5.45 3 0 0
307 3 0.722 Positive 3.88 1 3 11
397 3 0.498 Positive 4.14 0 2 14
836 3 0.044 Negative 3.97 0 2 1

foot baths was required between all animal 
buildings. A custom-fitted system for air 
filtration was installed on the outside of air 
inlets in each building using air filters (3M 
Filtrete Micro Particle Reduction Filter 700; 
3M Co, Ames, Iowa) and custom frames. 
Pits were emptied once per week into a 
nearby lagoon. The lagoon was emptied 
once per year in the fall by facility employees 
and contents were spread onto an adjacent 
field. For rodent control, four bait boxes 
per building were filled with a brodifacoum 
product (Havoc Rodenticide Bait Pack; 
Hacco, Inc, Randolph, Wisconsin). For 
bird control, foam insulation (Great Stuff 
insulating foam; Dow Chemical Company, 
Midland, Michigan) was placed into open-
ings between the roof and walls. Specific 
differences in the biosecurity protocol 
concerning animal movements between 
buildings, personnel movements between 
buildings, semen usage, feed delivery, equip-
ment disinfection, visitor entry procedures, 
air management, manure-pit management, 
and daily chores prior to the PCV2 outbreak 
and following repopulation of the herd are 
summarized in Table  2.

Disinfection of the  premises
General services building. All disposable 
supplies were discarded, including shelving 
units, cleaning supplies, clothing and boots, 
and all movable equipment (ie, facility 

washer and dryer) was moved outside the 
building. This was followed by thorough 
cleaning and disinfection of the building and 
equipment. Specifically, floors were scrubbed 
with a degreaser (PRL-Grease Free; Pharma-
cal Research Laboratory Inc, Naugatuck, 
Connecticut) followed by rinsing and disin-
fection with a chloride compound (Clorox 
Bleach; The Clorox Company, Oakland, 
California). The surface of the washer and 
dryer were cleaned with general household 
cleaning products and exposed to natural 
UV sunlight. In addition, a rinse cycle of hot 
water that included bleach was run through 
the washing machine prior to its replace-
ment in the cleaned facility. New shelving 
units for clothing, cleaning supplies, and 
other supplies were placed in the office. All 
tools were cleaned with water and sprayed 
with disinfectant (Virkon  S).

Buildings 2 through 5. Animals were 
removed from Buildings 2 through 5 starting 
on May 14, 2009. Complete depopulation of 
the site was achieved on May 29, 2009. Steps 
used in the cleaning and disinfection of the 
animal facilities are outlined in Table  3.

Monitoring of the disinfection suc-
cess of the  premises
Following application of disinfectant in the 
cleaning and disinfection protocol (Table 
3, Step 4), 10 swabs of each building were 
collected from areas likely to contain virus 
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Table 2: Outline of specific biosecurity protocols used at a research swine breeding facility site prior to an outbreak of  
reproductive failure associated with PCV2 infection and after repopulation of the facility with PCV2-naive  animals

*    Tractor also used in cattle, horse, and small-ruminant facilities in close proximity to the swine  facility.
PCV2 = porcine circovirus type 2; PCR = polymerase chain  reaction.

Task Protocol prior to outbreak Protocol following repopulation
Animal  
movement 
between  
buildings

No PCV2 testing prior to movement of animals 
between buildings

PCV2 testing (PCR and serology) of animals prior to movement 
between buildings. Animals must be PCV2-negative by PCR and  
serology. If an animal is positive on either test, all animals within the 
building are euthanized and removed from the farm. 

Pig transport carrier not specific to the swine 
facility

Semi-enclosed, custom-built cart for pig transport used only in the 
swine facility

Non-swine-facility-specific tractor* used to 
transport crate 

Non-swine-facility-specific tractor* no longer used

Routine washing and disinfection of transport 
crate after usage

Routine washing and disinfection of transport crate prior to and  
after usage

Personnel 
movement 
between  
buildings

Street shoes changed in the locker room in the 
general services building

Street shoes changed in the laundry room; separate designated boots 
used in each room of the general services building

Shower not required at entry into the facility Shower is required at entry to the facility 

Clothing change or showering not required 
between animal buildings

Clothing change and showering required between animal buildings

No gloves worn between office and animal 
buildings

Separate latex examination gloves worn between office and animal 
buildings. Gloves disposed of prior to entry into animal building.

One set of boots worn between office and ani-
mal buildings and also inside animal buildings 

Specific boots worn between office and animal buildings, which are 
removed prior to entry

No designated path and no sidewalk between 
buildings

Concrete paths from building to building installed to minimize debris 
entering the building

No specific boots dedicated to each building Building-specific boots and separate latex examination gloves  
worn in each building

Semen On-farm source Commercial source

Semen diluted on-site using extender re-
constituted in an off-site laboratory

Diluted semen purchased

Semen not tested for PCV2 prior to use Semen tested by PCV2 PCR prior to entry into the facility

Feed  
delivery

Feed unloaded from feed delivery truck at the 
general services building

Feed unloaded from feed delivery truck at a gate near the  
main road (800 m from the general services building)

Transported to the general services building 
with a non-swine-facility-specific tractor*

Transported to the general services building by facility personnel by 
hand after fumigation of bagged feed (Virkon S; Dupont, Pharmacal 
Research Laboratories, Inc, Naugatuck, Connecticut)

Equipment Non-swine-facility-specific tractor* allowed in 
areas between buildings

Non-swine-facility-specific tractor* has no access to the swine facility

No re-disinfection of equipment prior to 
movement into the animal buildings 

All equipment re-disinfected within the general services building prior  
to movement into the animal buildings

Entry  
procedure

Visitor sign-in book located in room 2 of the 
general services building

Visitors sign-in book directly upon entry into room 1 of the  
general services building

No strict policy in place for downtime All visitors, minimum 72 hours downtime

No posting of biosecurity protocol Biosecurity protocol posted on entry door of the facility

Air Air filter over air inlets Air filter over air inlets and outlets

(eg, pit, floor, louvers). The surface swabs 
(polyester-tipped swab; Fisher Scientific Inc, 
Pittsburgh, Pennsylvania) were collected, 
each placed into 1 mL of sterile saline (0.9% 
sodium chloride solution; Fisher Scientific 
Inc) and stored at -80°C until tested by 

quantitative real-time PCR for presence and 
amount of PCV2 DNA. Porcine circovirus 
type 2 DNA was identified on a plastic sort 
panel, in two of 10 samples taken from the 
office (a shelf and under a computer cabinet), 
the door and floor of Building 5, the drain 

and floor of Building 4, the floor and drain 
of Building 2, and in several swabs from the 
pit grate and pit floor in Buildings 2 through 
5. The mean log10 genomic PCV2 DNA 
per mL ± standard error for these positive 
samples was 4.48 ± 0.14. Other locations 
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sampled where PCV2 DNA was not detected 
included gating, light switches, foot baths, 
water nipples, pig transport carriers, the desk 
in the office area, the storage room floor, lou-
vers, electrical boxes, and fan  inlets.

Repopulation of the  site
A single building (Building 5) (Figure 1) 
was initially repopulated with PCV2-naive 
animals (negative for anti-PCV2 IgG anti-
bodies15 and PCV2 DNA in serum) at the 
end of July 2009 (63 days after depopula-
tion). Blood samples were collected monthly 
and tested for evidence of seroconversion 
to PCV2 by ELISA.15 Due to an increase 
in size of the animals and subsequently a 
need for more space, some animals were 
placed in Buildings 3 and 4 in November of 
2009. Animals were placed in Building 2 on 
March 12, 2010. As of September 2010, the 
populations of the buildings were as follows: 
21 open gilts, three pregnant sows, and one 
boar in Building 2; six lactating sows, two 
pregnant gilts, five open sows, and one boar 

in Building 3; five open sows in Building 4; 
and eight open sows and one boar in Build-
ing 5. Neither viremia nor seroconversion 
to PCV2 were detected in any of the 53 
animals up to the time of writing, approxi-
mately 20 months since repopulation of the 
herd. Testing has been performed on a rotat-
ing basis, with every animal tested at least 
once every 2 months. The first PCV2-naive 
litters were born in May 2010 (Figure  2).

Attempt to derive negative animals 
from PCV2-infected sows during 
the  outbreak
Piglets from sows that farrowed at the begin-
ning of April 2009 were blood sampled 
13 days post farrow (DPF). Of these, 15 
female piglets from four litters that were not 
PCV2-viremic at the time of sampling were 
weaned at 22 to 27 days of age and placed 
into a Biosafety Level 2 (BSL-2) facility at a 
different site. The pigs were housed in four 
separate rooms by litter. Each room had a 
solid concrete floor, a separate ventilation 

system, and one nipple drinker. The pigs 
were fed a balanced, pelleted, complete-feed 
ration free of antibiotics and animal proteins 
other than whey (Nature’s Made; Heartland 
Co-op, Cambridge, Iowa) once a day. Piglets 
were sampled monthly; serum was used 
to determine levels of anti-PCV2 IgG and 
the PCV2 viremia status of the animals 
by ELISA15 and PCR,17 respectively. This 
experimental protocol was approved by the 
Iowa State University Institutional Animal 
Care and Use Committee. Anti-PCV2 anti-
bodies were detectable in all piglets from all 
litters at DPF 13. As a numeric trend toward 
decline of antibodies was noted between 
DPF 13 and DPF 204, these antibodies were 
assumed to be of maternal origin (Figure 3). 
At DPF 145, eight pigs were serologi-
cally negative, and anti-PCV2 antibodies 
declined to a sample-to-positive (S:P) ratio 
< 0.2 in the remaining two animals by DPF 
176 (Figure 3). Porcine circovirus type 2 
DNA was not detected in the piglets at 
13 DPF; however, by 21 DPF, in one pig 

Step Procedure
1 All equipment in all buildings, including gating, crates, and pit cover plates, was washed with 71.1°C water using a 

high-pressure (1000 psi) nozzle. Once cleaned, the equipment was removed from the building and stored outside 
on flatbed wagons, scaffolding, and hand carts that had constant natural UV exposure. All water lines, gas lines, and 
heaters inside the buildings were removed and discarded. All fluorescent bulbs were discarded, and exposed electri-
cal parts of light fixtures were covered with tape.  

2 Using portable lighting, the buildings, including the ceiling, light fixtures and outlets, controls, fan blades, louvers, and 
pits, were scrubbed by hand with brushes using a detergent. Following scrubbing, the detergent was allowed 10-15 
minutes of contact time prior to washing with a high-pressure washer as described in Step 1.  

3 After the initial cleaning phase, the buildings stood empty for several weeks while general repairs were made (holes 
in the walls repaired, brick replaced where necessary). All metal pit covers were painted on both sides with a primer 
(DTM Bonding Primer; Sherwin Williams, Cleveland, Ohio) and paint (Pro Industrial Pre-catalyzed water-based semi-
gloss epoxy; Sherwin Williams). Approximately 216 g of an oxidizing agent (Virkon S; Dupont, Pharmacal Research 
Laboratories, Inc, Naugatuck, Connecticut) was placed into the pits, which were filled with water to two-thirds capac-
ity for 3 days. After removal of the disinfectant, the concrete in the buildings was sealed (Concrete seal, product 
#2977; Spartan Chemical Company, Inc, Maumee, Ohio). During this general-repair phase, the building was disin-
fected three times with a chloride compound (Clorox Bleach; The Clorox Company, Oakland, California).

4 Buildings were disinfected by applying a primary disinfectant at the manufacturer’s recommended concentration 
(Synergize; Preserve International, Memphis, Tennessee) using a 56.8-L sprayer (Fimco Industries, Dakota Dunes, 
South Dakota). The disinfectant was allowed to completely dry (2-3 days). Buildings were then fumigated with a sec-
ond disinfectant (Virkon S) at the manufacturer’s recommended concentration. Again, the buildings were allowed to 
completely dry (2-3 days).

5 The entire interior of the buildings, including ceiling, walls, light fixtures, gating, and doors, was spray painted (Pro 
Industrial Pre-catalyzed water-based semi-gloss epoxy). After the paint dried, new light bulbs, heaters, gas lines, 
PVC water lines, cabinets, water-line connections, feed barrels, garbage cans, gating, and garden hoses with associ-
ated hangers were installed in the buildings. In addition, PVC boot racks were installed on the outside and inside of 
entrances to buildings. 

6 The buildings were re-disinfected as described in Step 4. 

Table 3: Stepwise cleaning and disinfection protocol used in Buildings 2 to 5 of a research swine breeding facility following an 
outbreak of reproductive failure associated with porcine circovirus type 2  infection
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Figure 3: In the swine research breeding facility described in Figures 1 and 2, pig-
lets from PCV2-infected sows that farrowed at the beginning of April 2009 were 
blood sampled 13 days post farrow. Fifteen female piglets from four litters not 
PCV2-viremic at the time of sampling were weaned at 22 to 27 days of age and 
placed in a Biosafety Level 2 facility at a different site and housed in four different 
rooms by litter. Monthly serum samples were tested for anti-PCV2 IgG and PCV2 
viremia by ELISA15 and quantitative real-time polymerase chain reaction (PCR), 
respectively. The graph shows mean pig anti-PCV2 sample-to-positive (S:P) ratio 
(line) and percentage of PCV2 PCR-positive piglets (bar) at different days post 
farrowing. Mean values were generated by the following numbers of pigs tested 
at each time point: 15 pigs at days 13, 21, and 51; 13 pigs at day 84; 12 pigs at day 
114; 10 pigs at day 145; six pigs at day 176; and six pigs at day  204.

0

20

40

60

80

100

13 21 51 84 114 145 176 204
Days post farrowing

PC
V2

 P
CR

-p
os

iti
ve

 p
ig

s (
%

)

0

0.2

0.4

0.6

0.8

1

EL
IS

A
 S

:P
 ra

tio

% PCR-positive animals
Mean anti-PCV2 IgG S:P ratio

in each of three rooms, samples contained 
detectable amounts of PCV2 DNA and 
those pigs were subsequently removed. Any 
additional pig that was found to be posi-
tive for PCV2 DNA by PCR throughout 
the duration of the study was immediately 
removed. By DPF 204, 100% of the remain-
ing piglets were PCR-positive for PCV2 
DNA (Figure 3). Therefore, the study was 
terminated and the pigs were euthanized. 
The entire PCV2 ORF2 from one piglet in 
each room was sequenced as described and 
was 100% identical to the PCV2 ORF2 
recovered from the sows during the out-
break, thus confirming that the piglets were 
likely infected at the time of offsite transfer 
and segregation in the BSL-2  facility.

Discussion
A natural outbreak of PCV2-associated 
reproductive disease occurred in a closed high-
health population, and the procedure used 
to disinfect the premises before repopulation 
with PCV2-naive animals, the outcome after 
repopulation, and the attempts to derive 
PCV2-negative animals by offsite segrega-
tion were summarized. The PCV2 outbreak 
in the research breeding herd was originally 

detected on the basis of serological evalu-
ation of recently weaned piglets and later 
confirmed by IHC staining for PCV2 in 
mummified fetuses, detection of anti-PCV2 
antibodies by IFA and ELISA, and detec-
tion of PCV2 DNA by PCR on serum 
samples from sows. Viremia was detected in 
eight mid-gestation sows (approximately 57 
days), and PCV2 antigen was demonstrated 
by IHC on mummies from one sow. This 
is consistent with previous studies involv-
ing experimental PCV2 infection of sows 
indicating that early infection (1 to 35 days 
of gestation) resulted in embryonic death,21 
irregular returns to estrus,22 pseudopreg-
nancy,23 or small litter sizes;2 infection at 
mid-gestation (35 to 70 days) resulted in 
mummified fetuses and abortion;21 and 
infection during late gestation (70 to 115 
days) resulted in mummified fetuses,24 still-
borns,25 weak-born piglets,4 delayed farrow-
ing,26 normal litters,27 or  abortion.28

The exact timing of PCV2 infection in the 
research breeding herd remains undeter-
mined. It can be assumed that initial infec-
tion occurred sometime after December 
11, 2008 (last batch of naive animals taken 
from the herd), and before January 27, 2009 

(first detection of PCV2 in weaned pigs). 
Similarly, it is difficult to retrospectively 
determine the building into which PCV2 
was first introduced. However, using a 
higher proportion of sows with anti-PCV2 
antibodies as the criterion, the introduc-
tion of PCV2 to the site is assumed to have 
occurred in Building 5. The source strain of 
infection was a PCV2b isolate. Similar iso-
lates (ie, with 100% homology to the PCV2 
recovered from the outbreak, determined by 
ORF2 sequencing) were used commonly in 
a research laboratory 8 km to the north, and 
the farm was frequently visited by people 
working at the research facility. Horizontal 
transmission likely occurred from either con-
taminated equipment or people. However, 
there are a large number of possible routes 
by which horizontal transmission may have 
occurred due to the design of the facility and 
concurrent responsibilities of personnel who 
visited the research  herd.

Attempts to derive PCV2-negative animals 
from the herd after the outbreak by offsite 
segregation by litter were unsuccessful. The 
inability to derive negative pigs was likely due 
to the presence of an active PCV2 outbreak 
and persistent PCV2 infection of the piglets, 
with viral replication beginning as levels of 
maternal antibodies  declined.

Major risk factors that were identified after 
the outbreak included frequent movement 
of animals and people between buildings 
with minimal biosecurity; failure to main-
tain a shower-in, shower-out facility; prepa-
ration of semen extender at an off-site facil-
ity; use of a common tractor between the 
swine facility and other areas of the farm; 
lack of concrete paths between buildings; 
and transport of feed directly into the facil-
ity. To address these issues, specific changes 
were made to the facility itself and to the 
way in which it was operated. The major 
changes included enforcement of strict bio-
security protocols for movement of people 
and equipment into and on the facility, 
addition of concrete paths between build-
ings to reduce organic contamination of 
boot baths, installation of a building for feed 
fumigation, and purchase of PCV2-negative 
semen (determined by PCV2 PCR testing of 
each semen batch). Another minor change 
included addition of air filters over outlets. 
This change was considered minor, as only 
one site containing pigs (approximately 100 
sows) was within an 8.1-km radius of this 
site. In addition, while little information 
exists on aerosol transmission of PCV2, in 
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the single study which evaluated the pres-
ence of PCV2 DNA in aerosol samples, 
PCV2 DNA was not detected.29 The risk of 
PCV2 transmission from rodents or birds 
was also considered low, and modifications 
to the current rodent-control protocol were 
not made. Previous studies have demon-
strated PCV2 replication in mice,30 and a 
2010 study reported that 65% and 23.8% of 
the mice and rodents from PCV2-infected 
swine premises were PCV2-positive, respec-
tively.31 However, PCV2 was not detected 
in rodents outside of the premises.31 This 
information, combined with the distance to 
the nearest swine farm, makes transmission 
from rodents unlikely. To date, no informa-
tion exists, to the authors’ knowledge, on 
whether indirect transmission of PCV2 can 
occur between avian and porcine species. 
However, due to the host specificity of circo-
viruses within avian species,32 transmission 
by this route seems  unlikely.

Disinfection of a facility contaminated 
with PCV2 is an arduous task. Porcine 
circovirus type 2 is known to be shed by 
numerous routes, including nasal and oral 
secretions, urine, and feces.33 In addition, 
viremia can persist in animals for extended 
periods. Porcine circovirus type 2 viremia 
was previously reported in pigs for 140 days 
post infection.34 Porcine circovirus type 2 
is transmitted both by horizontal35 and 
vertical routes.36 The virus is also extremely 
stable,9,10 and many disinfectants do not 
completely eliminate the virus under in 
vitro conditions.11-13 Clinical disease 
associated with PCV2 in breeding herds is 
rarely observed and typically resolves, after 
exposure of a potentially naive population to 
PCV2, between 8 and 20 weeks following the 
initial detection.2,25,37 Vaccination programs 
are highly effective in reducing mortality asso-
ciated with PCV2 infection;38 however, they 
do not eliminate shedding of PCV2. On the 
basis of the combination of the above factors, 
PCV2-naive breeding herds are extremely 
rare. However, high-health animals free of 
common viruses and bacteria are required for 
researchers to further advance understanding 
of the pathology and epidemiology of swine 
pathogens. Therefore, documentation of the 
ability to successfully eliminate PCV2 from a 
farm is  important.

In this study, the combination of thor-
ough removal of organic material using a 
detergent and exposure of equipment to 
natural UV light and multiple applications 
of a disinfectant were used. In addition, all 

disposable equipment was discarded and 
surfaces which would likely retain virus were 
either painted or sealed. Finally, the facility 
remained without animals for 63 days. As 
downtime was combined with thorough 
cleaning and disinfection, it is unknown 
whether downtime alone would have led 
to a similar elimination of PCV2 from the 
premises. However, detection of PCV2 
DNA within the pits after thorough clean-
ing and disinfection suggests that downtime 
alone would not be enough to prevent 
transmission from a contaminated building 
to naive animals. After using the described 
decontamination protocol and enforcing a 
strict biosecurity protocol, the repopulated 
herd has remained PCV2-naive (determined 
by routine PCR and ELISA screening) for at 
least 20 months at the time of writing. The 
depopulation and repopulation procedure 
described in this manuscript could be imple-
mented by conventional swine farms if a 
source of known PCV2-free pigs is  available.

Implications
•	 In	natural	outbreaks	of	PCVAD	in	

high-health breeding herds, the main 
clinical sign is likely to be increased 
numbers of mummified  fetuses.

•	 Factors	including	frequent	movement	
of animals and people between sites 
and buildings with minimal biosecurity, 
lack of maintaining a shower-in-
shower-out facility, preparation of 
semen extension at an off-site facility, 
use of a common tractor between the 
swine facility and other areas of the 
site, and the lack of concrete paths 
between barns are potential risk factors 
for PCV2 transmission and should be 
modified following natural outbreaks of 
PCV2 in high-health  herds.

•	 After	depopulation,	implementation	of	
a multistep cleaning and disinfection 
protocol with a strict biosecurity plan 
can result in maintenance of PCV2-
naive animals on a previously contami-
nated  site.

•	 Offsite	segregation	by	litter	to	derive	
PCV2-negative replacement animals 
from high-health breeding herds during 
natural outbreaks of PCV2 is not 
 successful.
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