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Abstract 
 

In order to demonstrate PMWS, late term swine fetuses were inoculated in utero 
with either porcine circovirus (PCV)-1 and porcine parvovirus (PPV) or PCV-2 only.  
Eight late term pregnant sows underwent laparotomies, and their fetuses were 
inoculated. Sows were allowed to farrow and blood was collected from the piglets prior 
to and after suckling colostrum. The inoculated pigs were euthanized for tissue 
collection at farrowing and at different weeks of age. Fetuses were successfully infected 
as demonstrated by the isolation of PCV from various tissues and the detection of PCV 
type-specific antibodies in pigs prior to suckling colostrum. Gross abnormalities were 
observed at farrowing, with the presence of stillborns, partial mummies, and weak-born 
pigs. Preweaning death and histologic lesions were also observed in the PCV-2 infected 
pigs. PCV-1 and -2 were found to have the ability to infect late-term swine fetuses and 
cause gross abnormalities at farrowing following experimental in utero inoculation. 
However, none of the pigs infected in utero developed PMWS. These results suggest 
that PCV-2 may have the ability to cause reproductive failure under field conditions.  

 
 
 
Introduction 
 

Porcine circovirus was originally identified as a contaminant in a porcine kidney 
cell line. Although serologic studies suggest that exposure to the PCV cell culture 
contaminant is widespread in commercial swine populations, it is considered a 
nonpathogen for swine. Subsequently, an antigenically and genetically novel PCV has 
been described in association with a new disease syndrome in weaned pigs, called 
post-weaning multi-systemic wasting syndrome (PMWS). The cell culture contaminant 
PCV and novel PCV are named PCV type-1 and PCV type-2, respectively. 
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Both PCV-1 and -2 have been detected in cases of reproductive failure. PCV-1 
has been isolated from the sera and spleen of stillborn pigs.1  A field case indicates that 
PCV-2 may be involved in reproductive failure, identifying PCV-2 in grossly abnormal 
pigs from an aborted litter.2  

 
Objectives 
 

The purposes of this experiment were to understand the pathogenesis of PMWS 
by infecting with either PCV-1 or PCV-2, thereby defining PCV’s role in PMWS.  
Attempts were made if in utero infected pigs would develop PMWS and if either PCV-1 
or -2 could cause fetal death in late-term swine fetuses.  
 
Procedures 
 

Experimental design - Eight pregnant sows at approximately 90 days of gestation 
were used for the study. In the first experiment, the fetuses of four sows (A1-A3) were 
inoculated with PCV -1 and PPV. For the second experiment, the fetuses of four sows 
(B1-B3) were inoculated with PCV-2 only. For fetal inoculation, laparotomies were 
performed on each sow. Each fetus of both uterine horns was either inoculated 
intramuscularly (IM) with either 1.0 ml of a mixture of PCV-1 (105.5 TCID50/0.1 ml) and 
PPV (16 hemagglutination units/0.1 ml) or 1.0 ml of PCV-2 (103.0 TCID50/0.1 ml). Control 
fetuses from sows A4 and B4 were inoculated with 1.0 ml of minimum essential 
medium. At farrowing, crown-rump (CR) lengths of stillborn and mummified pigs were 
measured to estimate their approximate time of death. Two pre-suckled live-born piglets 
from each litter were euthanized. At least one pig from the remaining PCV-1/PPV 
infected litters were euthanized at weeks 1, 2, 4, 6, 8, and 10 of age. At least two pigs 
from each of the remaining PCV-2 infected litters were euthanized  at weeks 1, 2, 3, and 
4 of age. Blood was collected from all of the pigs prior to suckling colostrum and from all 
of the remaining pigs each time pigs were euthanized. Following euthanasia, different 
tissue samples were collected for virus isolation. 

    
  Virus isolation and serology -. A PCV-free porcine kidney cell line (PK-15) was 
used for virus isolation from tissue samples. The PCV-1 and PPV used in this study 
were obtained from the PCV type-1 contaminated PK-15 (ATCC-CCL 33) cell line. The 
PCV type-2 used was an isolate from the state of Iowa. Selected tissues were 
homogenized, centrifuged and used for virus isolation. The virus isolation was carried 
out by a routine method. To detect antibodies to PCV-1 and -2, an IPMA was 
performed. In brief, the 96-well mirotitration plates were prepared by using PCV-free 
PK-15 cells. The cells were infected with either PCV-1 or PCV-2. Following the 
appropriate incubation period, the plates were fixed with a 10% acetone in ethanol 
solution and stored at –20 C until used. The IPMA procedure was performed by a 
standard method. A hemagglutination inhibition (HI) test was used to test for antibodies 
to PPV. At the time of euthanasia, selected tissues were collected and fixed in 10% 
formalin in PBS, embedded in paraffin, sectioned, and stained with hematoxylin and 
eosin by a routine method.  
 
Results 
 
 PCV-1 and PPV in utero inoculation – Farrowing results and antibody titers of 
piglets at farrowing were shown in Table 1 and 2.  Sow A1 gave birth to 8 live-born, 1 
stillborn, and 5 partially-to-completely mummified fetuses. Three mummies were 
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relatively small (CR lengths 12-14 cm), with the other two mummies being about twice 
as large (CR lengths 25-27 cm). Sow A2 gave birth to 9 live-born and 1 stillborn pig. 
Approximately 2 days prior to her expected farrowing day, sow A3 (16 days 
postinoculation), died from peritonitis; her fetuses were removed and their tissues and 
sera were collected. Sow A4 died before the beginning of the laparotomy procedure. 
Tissues from her fetuses were collected and used as controls.  
 

Table 1- Farrowing results of sows following in utero inoculation with PCV type-1/PPV or PCV type-2 

 

              

                                                                           

            Gestational    No. of        Days post-      Gross Abnormalities at farrowing                                                                                                                                                                                                           

Sow     age at       pigs            inoculation                                                         Pre-weaning                                                                                                                                                                        

No.       inoculation  inoculated at farrowing   Stillborn      Mummified    Weak-born*   death †      

A1     90       10            23          1  (1/1)**       5 (2/1)          0                   0 

A2     94       10            19          1  (1/1)       0               0                   0 

A3     95       9             16                    Died 2 days prior to expected day of farrowing 

A4            90           4                                        Died during the laparotomy 

 

B1     86       12            26           3   (3/3)       2 (2/2)          5 (5/5)          2  (1/2) 

B2     92       15            20           2   (2/1)         0               0                   3  (3/3) 

B3     93       10            21           1   NT       0                   0                   1  (-/-) 

B4             87       Control         9           16    Aborted on day 103 of gestation    

Sows A1-3 and B1-3 were inoculated with PCV-1/PPV and PCV-2, respectively.  Sows A4 and 

B4 were controls. 

*   Weak-born pigs died at farrowing or 1 day post-farrowing. 

†    Preweaning death occurred between 6 and 17 days post-farrowing and excludes those pigs   

defined as weak-born at farrowing. 

** Number with virus determined by the pig being virus isolation positive or PCR positive/ 

Number with IPMA antibody. 

NT= not tested 

 

 A few of the piglets from sow A1 had a mild diarrhea within the first week of 
farrowing. The remaining pigs did not exhibit any clinical signs prior to weaning. 
Following weaning, all of the pigs remained healthy.  No gross abnormalities were found 
in any of the pigs at necropsy. At surgery, all sows had detectable IPMA antibodies to 
PCV-1 and PCV-2. All piglets from sows A1, A2 and A3 prior to suckling colostrum, had 
antibodies to PCV-1 (1:64 - 1:16,384), PPV (HI titers 1:64 – 1:4096), but no antibodies 
to PCV-2. None of the pigs at farrowing had detectable antibodies to PRRSV. The 
fetuses from sow A4 did not have antibodies against PCV-1, PCV-2, PPV or PRRSV.  
PCV-1 or PPV was isolated from the piglets at farrowing and the fetuses of sow A3, 
which had died prior to her expected farrowing date (Table 3). These isolates yielded a 
negative reaction when stained with the PCV-2 reference serum. The lungs (46%), 
lymph nodes (80%), pools of kidney/intestine (43%), and pools of liver and spleen 
(21%) were positive for virus. The presence of PCV DNA was confirmed by PCR. Two 
pigs from sow A1 were positive; one of the pigs was a stillborn and the other was a 
large partial mummy. PCV-1 or PCV-2 were not isolated from any of the control fetuses. 
There were no remarkable lesions in any of the tissues examined from any of the pigs.  
 
 PCV-2 in utero Inoculation - Sow B1 gave birth to 2 partially mummified fetuses 
(CR lengths 20 and 21 cm), 3 stillborn (CR lengths 26, 28 and 29 cm), 5 weak-born, and 
2 relatively normal pigs. One of the weak-born pigs was euthanized, and the 4 other 
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weak-born pigs died within1 day post-farrowing (DPF).  Sow B2 farrowed 2 stillborn pigs 
(CR lengths 26 and 28 cm). Sow B3 had dystocia and was given multiple doses of 
oxytocin. She farrowed 2 days after the expected farrowing date and gave birth to one 
stillborn pig; this pig was found more than 24 hours after farrowing and had completely 
autolyzed. Sow B4 aborted at day 103 of gestation (CR lengths 26-29 cm; 16 days post 
inoculation); all pigs failed to survive.  Tissues from the aborted fetuses were used as 
controls. Sow B2 died 6 DPF; at necropsy she had blood in her stomach. Pigs of sow 
B2 were transferred to sow B1, which only had two pigs remaining. One of the two 
remaining live pigs from sow B1 was found dead 6 DPF. The other remaining pig from 
sow B1 was found dyspneic and unable to walk at 12 DPF and was subsequently 
euthanized. Three pigs from sow B2 and one from sow B3 died between 8-16 DPF.  
The pigs which died or were euthanized prior to weaning had relatively large lymph 
nodes. The pig from sow B1, which was euthanized due to thumping, had lungs with red 
consolidation. One pig from sow B2 had pleuritis and pericarditis.  
 
 

Table – 2. Antibody titer ranges of piglets at farrowing following in utero inoculation with PCV-1 or 

PCV-2 

 

Sow             No. of pigs          Days post-      PCV-1 titer        PCV-2 titer              PPV HI titer                  
 No.              examined          inoculation          range          range                        range____________       

                                                                                                                                                                     

A1                      10                   23                 4096-16,384        < 16                      8-1024           

A2                      10                   19                    256-4096          < 16                    256-1024 

A3*                     9                    16                     64-1024           < 16                      64-128  

A4 §                    4                    -                          <16                <16                         < 8 

 

B1                      12                   26                        <16                16-256                 <8-8   

B2                      14                   20                        <16                64-1024                 <8        

B3 †                    9                    21                      16-256             64-1024               8-256 

B4  ‡                  9                     17                        <16                 <16                       <8____________ 

 

Sows A1-3 and B1-3 were inoculated with PCV-1/PPV and PCV-2, respectively.  Sows A4 and B4 

were controls. 

* Sow A3 died 2 days prior to her expected day of farrowing. 

† Piglets of sow B3 suckled colostrum for at least one hour. 

‡ Sow C2 aborted on day 103 of gestation. 

§ Sow C1 died during the laparotomy. 

 
 At surgery and farrowing, all of the sows were seronegative for PRRSV but 
seropositive for PCV-1 and -2. All fetuses from sow B4 and pre-colostral serum from the 
pigs of sows B1, B2, and B3 were all negative for PRRS virus antibody. As shown in 
Tables 1 and 2, PCV-2 antibodies were detected in all PCV type-2 inoculated pigs prior 
to suckling colostrum. Except for two pigs from sow B3, all of the PCV-2 inoculated 
piglets were negative for PCV-1 antibody. All of the pigs from sow B3 had suckled 
colostrum prior to blood collection. The sera from the fetuses of sow B4 were 
seronegative for PCV-1 and -2.  PCV-2 was isolated from at least one tissue from all of 
the pigs at farrowing or 1 DPF; PCV-2 was also isolated from a dyspneic pig at 12 DPF. 
None of the isolates gave a positive reaction when stained with the PCV type-1 serum.  
PCV-2 was most consistently isolated from the spleen (85%), lymph nodes (85%), and 
was also isolated from the lung (46%), liver (46%), and intestine (23%), but not from the 
kidneys (Table 3).  PCV-2 was not isolated from any of the aborted fetuses from sow 
B4. Porcine reproductive and respiratory syndrome virus was not isolated from any of 
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the tested tissues. In general, there were no remarkable lesions. A weak-born pig from 
sow B1 had active germinal centers and areas of necrosis in the mesenteric lymph 
node. The pig which was euthanized due to dyspnea, had small foci of necrosis without 
inflammation in the liver; active germinal centers and small areas of necrosis in the 
spleen and lymph nodes; and mild interstitial pneumonia. One pig from sow B2, which 
was found dead 17 DPF, had lymphoplasmacytic myocarditis. Another pig from sow B2 
that died 14 DPF had polyserositis, purulent lymphadenitis, and lymphoid necrosis 
without inflammation.      
 

Table 3 – Virus isolation results from different tissues of pigs following in utero inoculation with PCV -1 

or PCV-2           

                 

                                              No. of          No. of                           

                            Virus         pigs              pigs with  % virus 

Tissue*               Inoculated  examined     virus        Positive 

 

Lungs     PCV-1         14                8              57 

Liver/Spleen                             14               3               21 

Kidney/Intestine                       14               6               43  

Lymph nodes                            5                 4               80 

Pooled tissue †                          2                 0                 0  

 

Lungs     PCV-2           13                6             46 

Liver                                          13                 6             46 

Spleen                                        13                11            85 

Kidney                                       13                 0               0 

Intestine                                     13                 3             23 

Lymph nodes                             13                11            85 

Pooled tissue †                             2                  2           100 

 

 

* Tissues for PCV-1 isolation were obtained from the fetuses of sow A3, pigs at farrowing, and the 

pooled tissues of mummified fetuses.  Tissues for PCV-2 isolation were obtained from pigs at 

farrowing, 1 DPF, 12 DPF, and from pooled tissues of mummified fetuses. 
 

 
 

Although a couple of stillborns and mummies were observed in the PCV-1/PPV 
inoculated pigs, almost all of the piglets were healthy at farrowing and thereafter. 
However, PCV-2 was capable of infecting late-term swine fetuses following in utero 
inoculation, as demonstrated by the presence of PCV type-2 antibodies in pigs prior to 
suckling colostrum and the isolation of virus from various tissues. Although the pigs of 
sows B2 and B3 were successfully infected, significant reproductive failure was not 
observed, relative to sow B1. The differences in reproductive performance may be 
related to the different gestational ages of the fetuses at the time of inoculation. The 
fetuses of sow B1 were inoculated at 86 days of gestation, while the fetuses of sows B2 
and B3 were inoculated at 92 and 93 days of gestation, respectively. Another possible 
factor influencing the observed differences in reproductive performance may be related 
to the total number of days each respective litter spent in utero following inoculation; 
there was a 6-7 day difference between the time of inoculation of sow B1 and the time 
of inoculation of sows B2 and B3. In conclusion, this study confirmed the ability of PCV-
2 to infect late-term swine fetuses and result in reproductive failure. The presence of 
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stillborns, partial mummies, and weak-born pigs suggests that PCV-2 may have the 
ability to cause reproductive failure under field conditions.  
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