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Abstract: Infectious agents causing aborted fetus problems in domestic pigs were investigated in this study. More than 10 different
infectious agents were known to cause abortion in swine and the major eight viruses among them were inspected. One hundred
twelve samples of aborted fetuses from nine provinces in South Korea were collected during April to November, 2013 in this study
for the diagnosis of infectious agents causing abortions in pigs. Eight major infection viruses were examined in this study mainly
using various diagnostic kits and reverse transcriptase polymerase chain reaction (RT-PCR). Positive rate of the detection differed
from each viruses. In this study, the main focus was the porcine reproductive and respiratory syndrome virus (PRRSV), which took
the second large portion in the positive rate of detection, and then its ORF5 gene was compared with modified live virus (MLV)
vaccine strain to figure out the influence of vaccine on disease. Between four positive samples’ sequence, two of them were
99.9%-100% similar to MLV vaccine strain and two other samples were 88.6%-92.7% similar. Similarity rate of the sequences
between the vaccine and virus from aborted fetuses are very crucial, because it implies that abortion in swine can be made due to the
usage of vaccine not only by the infection of field virus, and if MLV vaccine actually do have an impact on the infection, usage of
the vaccine should be reconsidered.
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1. Introduction family of Flaviviridae (Japanese encephalitis virus,
JEV) has been reported to cause severe abortion and
many potential zoonotic problems [6].

Among those viruses, one of the most important
virus to study is PRRSV, which was already well
known to cause abortion in pigs as it was named for.
PRRSV is a small, enveloped RNA virus, which is
included in genus Arterivirus and family Arteriviridae
[7]. The genome of this virus is consisted of at least
nine open reading frames (ORF) and its size is
approximately 15 kb [8]. Based on the sequence of
PRRSV, two genetic lineages were recognized:
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There are many agents known to cause abortions in
sows, including viruses. Some RNA or DNA viruses
can cause massive loss to swine producing industries
all over the world, because it matters directly with the
reproduction of pigs [1, 2], such as porcine circovirus
type 2 (PCV2), Aujeszky’s disease virus (ADV),
porcine parvovirus (PPV), classical swine fever virus
(CSFV), porcine reproductive and respiratory
syndrome virus (PRRSV), swine influenza virus (SIV)
and encephalomyocarditis virus (EMCV) [3-5]. Also,
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Those two genotypes show homology of 60%-70% and
distinct differences between two genotypes stand for
the difference of virulence and pathogenicity of virus in
two groups [10]. Since PRRSV caused the majority of
serious abortion problems in swine industries globally,
many phylogenetic, pathologic and immunologic
studies were done briskly in many countries [11-13].
Also, the usage of PRRSV vaccine is globally
commercialized due to the economic losses made by
abortions, and it becomes prerequisite for farmers who
domesticate pigs to use both attenuated and inactivated
vaccines of PRRSV for their farms [14, 15].

Modified live virus (MLV) vaccines are vitally used
for the prevention of major diseases, such as PRRSV,
PCV2 and SIV in swine industries, and it is critical for
these vaccines to neither spreading nor reverting
virulence of the virus. But, sometimes safety issues
concerning the usage of MLV virus vaccines are made,
because the virulence of vaccine itself can affect the
swine’s health [16, 17]. Correlation between the
vaccine and disease is essential for every swine farm
in most countries, because it is directly related with
economic losses in swine industries [18]. So this study
focused on commercialized vaccines of PRRSV in
South Korea and the phylogenetic studies were
performed using the sequences of the vaccine and
PRRSV gained in the investigation of diagnosis of
infectious agents causing abortions in pigs. Among
nine ORFs in gene of PRRSV, ORF5 was known to
play an important role immunologically and be related
directly with neutralizing antibody formation [19].
This study aimed to investigate abortion problems of
sows in South Korea on the basis of regional and
individual farm surveillance and focused particularly
on PRRSV and its ORF5 gene sequence to compare
them with sequence of PRRSV vaccine strains
commercialized in South Korea.

2. Materials and Methods

During April to November 2013, fetuses (n = 112)
from swine farms caused abortion in all nine

provinces were randomly collected. Fetuses were
pooled mainly from organs, including kidney, liver,
lymph node, heart and spleen. DNA and RNA
extraction were individually done from each tissue,
and all samples were conducted for the extraction of
DNAs as follows. Proteinase K solution 8 uL, DNA
lysis buffer 500 uL and a stool sample 200 uL were
mixed. Next, the mixture was thoroughly vortexed and
incubated for 1 h. Then, 200 wuL of
phenol-chloroform-isoamyl alcohol (25:24:1) was
added into the preparation, thoroughly vortexed and
centrifuged 10 min at 13,000 rpm. DNA in aqueous
phase was precipitated with an equal volume of
isopropanol and centrifuged again. The resulting DNA
pellet was washed with 1 mL of 70% ethanol,
centrifuged, dried and resuspended in 30 uL TE buffer.
Total RNA was extracted by using viral RNA mini kit
(QIAGEN Ltd., Manchester, UK) following the
manufacturer’s instructions. The RNA was then
converted into cDNA with the use of random
hexamers and commercial M-MLV  reverse
transcriptase kit (Invitrogen, USA) following the
manufacturer’s protocol.

For the exact abortion problem investigation,
median diagnostics usual commercial Kits were used
following its own protocols: PCV2, ADV, PPV,
PRRSV, CSFV, SIV, EMCV and JEV detailed kits
information (PCV2: VDx® PCV2 ORF2 PCR Cat. No.
3023; ADV and PPV: VDx® Abortion MP PCR Cat.
No. 3031; PRRSV: VDx® PRRSV ORF RT-PCR Cat.
No. 3024, VDx® PRRSV ORF RT-PCR Cat. No.
3024, Europe type, VDx® PRRSV NAJ/EU typing
Nested PCR, VDx® PRRSV NAJ/EU typing nested
PCR; CSFV: VDx® CSFV 5’NCR RT-PCR Cat. No.
3011; SIV: VDx® SIV RT-PCR; JEV and EMCV:
VDx® MP RT-PCR Il (JEV/EMCV), Cat. No. 3033).
Also, PRRSV ORF5 complete gene were detected
using nested PCR (specific primers one round: FRY,
RR9, second round: RF5, RR5), which followed
former study protocols [2]. The band amplicon 716 bp
was purified by using the gel-extraction method and
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further processed for TA cloning and transformation.
The phylogenetic analysis of ORF5 complete
sequences for PRRSV were performed with reference
strains of lineage 1 to lineage 9 and lineage KOR
(from Genbank).

3. Results and Discussion

As shown in Table 1, among investigated viruses,
the virus which showed the highest positive rate
(16.96%) was PCV2. Both SIV (H1N1) and PRRSV
showed positive rate of 3.57%, and other viruses
(ADV, PPV, CSFV, EMCV, JEV) were all negative.
The complete ORF5 gene of PRRSV from four
samples which were positive in PRRSV detection was
sequenced. The information about the positive samples
was shown in Table 2. Those samples were from all

different provinces in Korea from May to July and
every farm has common features that they were
vaccinated for PRRSV and PPV. Also all four
sequences were classified in type Il PRRSV and
turned out to be negative on PPV HI test, except one
farm from Chungnam. The result showed that all of
four sequences were clustered to lineage 5, which are
already predominant in Korea (Fig. 1) [14]. ORF5
gene of PRRSV was very variant compared to other
ORFs, and it is also important for the manufacture of
vaccine, because this part is related with neutralizing
antibody formation. Total 10 lineages were classified
globally and four positive samples belonged to the
same group with MLV vaccine strain. Also both
CP296-3 and PF2516-2 (gene accession No. KP317085
and KP317086) showed 99.9%-100% similarity with

Table 1 Fetus samples positive for investigation of abortion by RT-PCR or PCR, South Korea, 2013.

No. of positive (positive rate %) with total n = 112

Positive . .
Pathogen rate (%) Typing  April May June July August  September October November
(n=11) (n=22) (n=22) (n=8) (n=8) (n=14) (n=19) (n=8)

PCV2  19(16.96) Typell 5(45.45) 5(22.73) 6(27.27) 1(1250) 0(0.00) 0(0.00) 0(0.00) 2 (25.00)
ADV  0(0.00) 0(0.00)  0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0 (0.00)
PPV 0 (0.00) 0(0.00)  0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0/(0.00)
PRRSV 4(357) Typell 0(0.00) 1(455) 1(455) 2(25.00) 0(0.00) 0(0.00) 0(0.00) 0 (0.00)
CSFV 0 (0.00) 0(0.00)  0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0/(0.00)
SIvV 4(357) HINL  0(0.00) 1(455) 2(9.09) 1(12.50) 0(0.00) 0(0.00) 0(0.00) 0 (0.00)
EMCV  0(0.00) 0(0.00)  0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0 (0.00)
JEV 0 (0.00) 0(0.00)  0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0 (0.00)

PCV2: porcine circovirus type 2; ADV: Aujeszky’s disease/pseudorabies virus; PPV: porcine parvovirus; PRRSV: porcine
reproductive and respiratory syndrome virus; CSFV: classical swine fever virus; SIV: swine influenza virus; EMCV:

encephalomyocarditis virus; JEV: Japanese encephalitis virus.

Table 2 PRRSV positive samples’ information.

Fetus No Sample collected Farm information Antigen test Antibody test
" Month Province Farmname Sowscale Vaccinated (PCR, RT-PCR)  (ELISA, HI)
CP266-2 May  Gyeongbuk  SS 450 PRRSV, PPV E’p%?ifi\\fe) E’ni\éa::\'/:;“ <20
CP293-3  June  Gyeonggi  SS 1,000 PRRSV, PPV fpisifi\\fe) (Pni\éa::\'/;‘;“ <20
1. PRRSV ELISA
PRRSV IDEXX XR3 kit: 2.95
PF2516-2  July Chungnam YM 600 PPV, PRRSV, JEV o (positive);
(positive)
P 2. PPV HI: 160
(positive)
PF2576-2 July  Jeonbuk DNDN 200 PPV, PRRSV PRRSV PPV HI test <20
(positive) (negative)

PPV HI test is for measuring antibody titers in the serum samples and range below 20 meant negative in antibody test.



Investigation on Infectious Agents of Aborted Pig Fetuses and Its Correlation 285
with PRRSV MLV Vaccine

Lineage 2 .
Lineage KOR Lineage 1

CP266-2, PF2576-2 "y
Strain ‘ [ Lineage 4

v ]

Lineage 5 \

Lineage 3

CP296-3, PF2516-2 Lineage 9

Strain

Lineage 6

- Lineage 7

1 Lineage 8 ‘Strains collected in 2013

om

Fig. 1 Maximum likelihood phylogenetic tree using Fast Tree program, with the general time reversible nucleotide
substitution model.

Phylogenetic analysis with reference PRRSV strains of lineage 1 to lineage 9, and lineage KOR (gene accession No. KP317084,
KP317085, KP317086 and KP317087 for fetus No. CP266-2, CP296-3, PF2516-2 and PF2576-2, respectively).
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Fig. 2 Comparison between MLV vaccine strain (gene accession No. AJ223082) and four positive sample sequences
(KP317084, KP317085, KP317086 and KP317087, respectively).
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MLV vaccine strain of type Il PRRSV (gene
accession No. AJ223082). Only two nucleotides were
changed in PF2516-2 and CP296-3 was completely
identical compared to MLV vaccine strain. But the
other two strains CP266-2 and PF2576-2 (gene
accession No. KP317084 and KP317087) showed
88.6%-92.7% similarity with MLV vaccine strain,
which were totally different to vaccine strain. It means
the former two strains may have been influenced by
MLV vaccine and they were completely different to
the rest two strains which are field viruses.

The similarity among four positive sequences was
compared in Fig. 2. In general, MLV vaccines
influence only immune system of the individual
weakly and make primary antibodies to protect body
from the real infection by making the secondary
antibodies, but if the vaccines influence the immune
system heavily by any reason and play as virulence
factor, the consequence for the young fetuses can be
fatal. Although vaccines may be tested for hundreds of
times for the estimation of influence on individual
animal by clinical trials and followed the same process
of manufacture as other MLV vaccines, there may be
other environmental factors or co-infection of other

infectious agents affecting the virulence of the vaccine.

In this study, four positive samples positive for the
antigen detection of PRRSV showed negative results
in PPV antibody test, PCV2 antigen detection and
detection of other viruses. Also, the four farms where
each sample came from were not infected by the
PRRSV before and all four farms used both
inactivated and live attenuated vaccines for the
prevention of infection of PRRSV. Owners of four
farms also insisted that they followed the vaccination
program accurately and their farms were supervised
cleanly by veterinarians employed individually. From
these circumstances, it can be inferred that MLV
vaccine may have influenced some of the cases of
abortions occurring in domestic pig industry, but their
influences are not really related with the sanitary

situations of the farm or co-infection of other viruses.
It can not be concluded the causes of infections were
100% by the virulence of the vaccines, but other
information about the co-infection status and sanitary
conditions of the farms indicate that there may be
some possibilities for vaccines to be related directly
with the occurrences of disease. Thus, it is important
to figure out whether this vaccine actually has an
influence on some of the other abortion cases, and
further studies are needed for the full level of
explanation as the vaccine to act as a pathogenic virus.
This study just implies some possibilities of relations
between the vaccine and emergence of disease.

4. Conclusions

In conclusion, PRRSV was known to be one of the
most important causes for inducing the reproductive
failure in swine industries, and South Korea is also the
country where PRRSV was prevalent from the past to
nowadays and many economic losses were still made
due to the infection of PRRSV. Although the usage of
vaccines is essential factor for every swine farm,
eradication of PRRSV was not easily made and still
many problems were generated by this virus globally.
Many causes will exist in this issue, but there may be
some relationships between a few abortion cases and
vaccine itself excluding the influence of field viruses.
Thus, it may be better for swine industries to
reconsider the usage of vaccine, whose strains were
completely identical to the PRRSV isolated from the
aborted fetuses itself.
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