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Porcine circovirus (PCV) is a nonenveloped, circular 
single-stranded DNA virus belonging to the Circoviridae 
virus family. Two members, the nonpathogenic PCV1 
and pathogenic PCV2, have been identified so far. PCV2 
has been implicated and associated with many diseases in 
growing and mature pigs. PCV2-associated reproductive 
failure is a broad term in swine and manifests as early 
embryonic death, abortion, and reduced litter size, which 
are commonly observed on PCV2-contaminated swine 
farms (1–4). To study this disease, a good animal model 
is required. A successful model of PCV2 infection in pigs 
was established by Madson et al. (5), which indicated that 
PCV2 DNA was detected in semen from experimentally 
infected boars and PCV2 DNA-positive semen could 
induce reproductive failure in pregnant sows. According 
to the aid of a signature motif, which was a short amino 
acid motif encoded within the capsid protein, PCV2 was 
separated into at least 2 major groups, PCV2a and PCV2b. 
This classification received more attention, as it seemed to 
define PCV2b to be more virulent (6). However, little is 
known about the role of PCV2b in semen from PCV2b-
infected male mice and the transmission of PCV2b from 
semen to fetuses via artificial insemination. In this study, 
an artificial insemination technique was used instead of 
natural mating for avoiding PCV2b infection via contact 
in Kunming mice, and the results showed that PCV2b 
was capable of being replicated in spermatids in Kunming 

mice and transmitted from semen to fetuses by artificial 
insemination, causing reproductive failure in pregnant 
Kunming mice and PCV2b vertical infection to newborn 
mice.

The homogeneous, infectious PCV2b (GenBank 
accession number EU095020), which was isolated from the 
lymph nodes and lungs of 11-week-old pigs in a field case 
of postweaning multisystemic wasting syndrome (PMWS), 
was generated and cultured with the methods described in 
a previous study (7). The inoculum was tested for PCV2b 
by polymerase chain reaction (PCR) and the virus titers 
were determined by indirect immunofluorescence assay. 

Fourteen male and female 8-week-old Kunming mice 
were purchased from the Experimental Animal Center, 
School of Medicine, Central South University, Changsha, 
Hunan, China. Their specific-pathogen-free status was 
verified by the supplier. 

Ten male mice were each intraperitoneally inoculated 
with a PCV2b inoculum containing 10,000 TCID50 in 
0.1 mL of cell culture supernatant and kept in 2 cages (5 
mice per cage), while another 4 male mice were mock-
infected with a cell culture supernatant and kept in 1 cage. 
At 21 days after infection, both PCV2b-inoculated and 
mock-infected mice were euthanatized, and semen was 
collected from the caudae epididymides within 5 min after 
euthanasia, then diluted with 1 mL of 9% milk for artificial 
insemination and PCR. Samples of the testis were fixed 
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in 10% neutral buffered formalin for PCV2b detection 
by immunofluorescent histochemical assay.

According to the methods described in the previous 
study (8), 10 female mice were each inseminated with 
semen from the inoculated male mice in 0.05 mL of milk 
suspension as a test group (TG). In the meantime, 4 female 
mice were inseminated with semen from the mock-infected 
mice as a control group (CG). All semen for artificial 
insemination was used within 1 h after collection. When 
the female mice became pregnant, each of them would be 
kept in an individual cage. After delivery, 3 newborn mice 
from each litter were randomly selected immediately after 
birth and euthanatized. Samples of the lungs, hearts, and 
spleens were collected for PCR. 

PCV2b DNA in the tissues and semen was extracted 
using a viral DNA extract kit (Nanjing KeyGen Biotech Co. 
Ltd., Nanjing, Jiangsu, China) following the manufacturer’s 
protocol and recommendations. Using the PCV2b-
specific primers (5’  -GGAGCTTCCAATCTCCC-3’, 
5’-TAGGAGCTCCACACTCC-3’), the PCV2b DNA 
in mice was detected by PCR following the methods 
described in a previous study (9). 

For immunofluorescent histochemical test, antigens 
in the paraffin tissues were retrieved in 1.0% EDTA 
at 95 °C for 15 min and cooled to room temperature; 
endogenous peroxidase activity was quenched with 3.0% 
H2O2 in methanol (v/v) at room temperature for 10 min. 
The primary mouse anti-PCV2b sera preparation was as 
described in our previous study (9), and then sections were 
incubated with a 1:400 dilution of primary mouse anti-
PCV2b sera at 37 °C for 2 h. Following this, a 1:50 dilution 
of secondary anti-mouse IgG antibody with fluorescein 
(Zhongshan Golden Bridge Co. Ltd., Beijing, China) was 
added at 37 °C for 1 h; finally, it was photographed under a 
fluorescence microscope (Olympus, Tokyo, Japan).

In preparation of transmission electron microscopy 
(TEM) sections, samples of the testis from PCV2b-infected 

male mice were fixed in 2.5% aldehyde for 24 h, then in 
osmium tetroxide for 2 h. Tissues from the testis were 
embedded in Epon 812, and ultrathin sections were cut 
with a LKB III ultramicrotome (LKB, Bromma, Sweden) 
and stained with lead citrate and uranyl acetate. Sections 
were examined with a transmission electron microscope 
H7500 (Hitachi, Tokyo, Japan).

The results showed that PCV2b DNA was detected 
by PCR in semen from all virus-inoculated mice, and 
PCV2b antigen fluorescent signals (Figure 1a) and PCV2b 
inclusion bodies (Figure 2) could be observed in the 
spermatids by the immunofluorescent histochemical and 
transmission electron microscopic assays. No PCV2b 
DNA, virus antigen signals, or PCV2b inclusion bodies 
were detected in the controls.  

For the inseminated female mice, abortion was not 
found in either the TG or CG during pregnancy. Seven 
of the 10 mice in the TG became pregnant after artificial 
insemination, 2 of which had the embryos’ development 
interrupted within 11 to 15 days post coitus such that 5 
of them became pregnant and gave birth at the expected 
time. Their newborn mice were less active than age-
matched litters from the CG. PCV2b DNA was detected 
in the lungs, hearts, and spleens from all PCV2b-infected 
litters and dead fetuses by PCR (Figure 3). In the CG, only 
1 mouse had failed artificial insemination, while 3 of the 
4 mice became pregnant with normal births. No PCV2b 
DNA was detected in the organs from the control litters.

PCV2 transmission through the placenta in sows was 
reported in a previous study (10); the results revealed 
that PCV2-inoculated sows showed abortion and 
that virus-inoculated sows had dead and/or stillborn 
piglets, and PCV2 antigen and DNA were detected in 
the dead fetuses and/or live-born piglets by PCR and/or 
immunohistochemistry. In a study by Madson et al. (5), 
results showed that PCV2 DNA was detected in semen 
from experimentally infected boars, and PCV2 DNA-

a b

Figure 1. Immunofluorescent histochemical staining  of sections for testis. PCV2b 
antigen fluorescent signals were observed in spermatids by immunofluorescent 
microscope (a). The control was negative for immunofluorescence (b). Bar = 100 µm.
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positive semen could induce reproductive failure in 
pregnant sows. In our study, although abortion was not 
observed in PCV2b-inoculated pregnant mice, 2 mice had 
embryo development interrupted and PCV2b DNA was 
detected in the newborn mice of PCV2b-infected litters. 
Our results were in accordance with those described by 
Yoon et al. (10) and Madson et al. (5).

Efforts to detect PCV2 transmission in pregnant 
mice through the placenta were reported by Lőrincz et 
al. (11); the results showed that PCV2 can be present in 
house mice on PCV2-contaminated farms, but no fetuses 
from the pregnant mice were PCV-positive. In our study, 
semen from PCV2b-inoculated male mice could induce 

reproductive failure in pregnant female mice and PCV2b 
could be transmitted to fetuses. These results showed 
some discrepancy from those described by Lőrincz et al. 
(11). Different forms of PCV infection in pregnant mice 
may account for the discrepancy. In our study, the female 
mice were artificially inseminated with PCV2b DNA-
positive semen under experimental conditions. In the 
study conducted by Lőrincz et al. (11), the pregnant mice 
were infected by PCV2 via natural  infection under field 
conditions. 

Artificial insemination techniques are commonly 
used in pig species for dam mating to study certain 
vital virus infections, such as porcine respiratory and 
reproductive syndrome virus, porcine parvovirus, or PCV 
infection. In a certain set of circumstances, semen may be 
contaminated by the above-mentioned viruses or other 
pathogenic microorganisms and can be transported far 
distances, resulting in viral and/or bacterial infections on 
a large scale on pig farms. This has occurred in many cases 
of viral infection and caused great economic losses in pig 
breeding practices (12,13). PCV2 potential transmission 
from semen to fetuses via artificial insemination was 
evaluated in this study.

In conclusion, PCV2b was capable of being replicated 
in spermatids in Kunming mice following intraperitoneal 
inoculation with PCV2b and transmitted from semen to 
fetuses by artificial insemination, causing reproductive 
failure in the pregnant Kunming mice and PCV2b vertical 
infection to newborn mice.
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Figure 2. TEM section of the testis from PCV2b-infected male 
mouse. Viral inclusion bodies in spermatids are shown by 
arrows. Bar = 2 µm.

Figure 3. PCR results. Lanes 1 and 7, DNA markers; lanes 2 and 9, positive controls; lanes 3 
and 8, negative controls; lanes 4 to 6, PCR products (positive) from lung, heart, and spleen 
of the PCV2b-infected litter; lanes 10 to 12, PCR products (negative) from lung, heart, and 
spleen of the control litter. The PCV2b DNA target fragment was 234 bp.
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