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BACKGROUND: Porcine circovirus diseases (PCVD) are still one of the
commonest diseases of swine in Korea. The objective of the present paper
is to report a case of pig co-infected with porcine circovirus type 2 and
Streptococcus suis.
CASE PRESENTATION: A 40 days old pig exhibited symptoms of
diarrhea; a difficulty breathing and neurological sign was diagnosed for
possible cause(s) of death by pathological and molecular based methods. The
notable gross lesions were (i) rubbery consistency of the lungs with multiple
petechial hemorrhages, (ii) congestion of lymp nodes, and brain; (iii) the wall
of the small intestine was slight congestion, yellowish fluid accumulated in
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orcine circovirus type 2 (PCV2) is a single stranded, closed circular
DNA containing 1,766-1,768 nucleotides (1). There are four PCV2
genotypes that have been identified, of which PCV2d is a newly known
genotype worldwide (2). PCV2 is essential agent of porcine circovirus disease,
including: severe systemic PCV2 infection, PCV2 lung disease, PCV2
enteric disease, PCV2 reproductive disease, and porcine dermatitis and
nephropathy syndrome (3,4). The porcine circovirus disease is also known as
a multifactorial pig disease (5), of which co-infection with some virus and/or
bacteria have been shown to increase replication of PCV2 and the incidence
of the disease (3).

the lumen was observed. The main microscopic lesions were: (i) interstitial
pneumonia, degeneration of lymphocyte, dense mononuclear cell infiltrated
in the interstitium; (ii) germinal centers of lymph node were reduced or
absent with depletion of mature lymphocytes and distribution of pyknotic
nuclear material; (iii) lymphocytes, macrophages, and mainly plasma cells
distributed along blood vessels within the meninges of the brain. By extensive
examining previously known pathogens of nervous, respiratory, and digestive
systems, only PCV2 and Streptococcus suis were systematically detected and
confirmed by sequencing.
CONCLUSION: The pig described in this study suffered from an atypical
porcine circovirus disease which was based on the presence of PCV2
systemically and a typical lesion of lymphoid depletion.
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LABORATORY EXAMINATIONS
Gross and microscopic lesions
At necropsy, notable gross lesions were (i) rubbery consistency of the lungs
with multiple petechial hemorrhages (Figure 1B); (ii) congestion of lymph
nodes, and brain; (iii) the wall of small intestine was slight congestion,
yellowish fluid accumulated in the lumen was observed (Figure 1C). Several
tissues (lung, lymph nodes, and brain) were collected at 10% neutral buffered
formalin for pathological diagnosis.

Streptococcus suis, a Gram-positive facultative anaerobe, is a major porcine
pathogen that can be transmitted to human by close contact with pigs (6).
Streptococcus suis is an important pathogen in intensive swine production
throughout the world and is the cause of polyserositis as well as other
conditions, such as bronchopneumonia, meningitis, arthritis, pericarditis,
myocarditis, endocarditis, fibrinous polyserositis, septicemia, rhinitis, and
abortion (7). Of several ubiquitous bacteria, Streptococcus suis was found in
pigs ranging from non to serve PCV2 specific lesions (3).
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In this study, we described on an atypical case of porcine circovirus type 2
and Streptococcus suis coinfections in a pig, which was confirmed on the basis
of pathological examination and molecular based method.

CASE PRESENTATION
On June 2016, a 40 days old pig of ML farm (Junnam province, South Korea)
was sent to the Department of Veterinary Medicine Virology Laboratory at
Seoul National University to investigate the possible cause(s) of death. ML
farm is a single-site production system (farrow-to-grower unit and a growerto-finish unit). It was described that the pig and several pigs of the same ban
exhibited symptoms of diarrhea, difficulty breathing and neurological signs
(ataxia, shivering). The mortality rates were estimated roundly 10%.

Figure 1) Gross lesions of a dead pig suffered from respiratory, digestive and
nervous problems. The carcass was normal in appearance (A), but having
congested lungs (B) with multiple petechial hemorrhages (arrows). The small
intestine (C) was slight congested (arrow) and fluid was accumulated in the
lumen in several segments (arrow head)
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In order to confirm the specificity of the PCR reaction for Streptococcus suis,
the 688 bp PCR product amplified by JP4, JP5 primers (11) was sequenced. By
using BLAST tool (https://blast.ncbi.nlm.nih.gov/Blast.cgi), the nucleotide
sequence of 688 bp PCR product was 99% identical to the sequence of
Streptococcus suis type 4 (GenBank CP008921). In case of PCV2, because of
the recently emerging mutant of PCV2b (or PCV2d) in Korea (14), complete
genome of PCV2 was obtained from positive samples (namely T400, T401).
The phylogenetic analysis on the basis of the whole PCV2 genome (Figure 3)
revealed that T400 and T401 (accession number KY677756, KY677757) were
clustered to PCV2d genotype.
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Figure 2) Microscopic lesions (HE staining, 200X) of a dead pig suffered from
respiratory, digestive and nervous problems. Interstitial pneumonia (A) with dense
mononuclear cell infiltrated in the interstitium (arrows). (B) Germinal centers
of lymph node were reduced or absent (asterisk). The meninges of the brain (C)
contained mainly plasma cells (arrow heads) distributed along blood vessels
The main microscopic lesions were: (i) interstitial pneumonia, degeneration
of lymphocyte, dense mononuclear cell (lymphocytes and macrophages)
infiltrated in the interstitium (Figure 2A); (ii) germinal centers of lymph
node were reduced or absent with depletion of mature lymphocytes and
distribution of pyknotic nuclear material (Figure 2B); (iii) lymphocytes,
macrophages, and mainly plasma cells distributed along blood vessels within
the meninges of the brain (Figure 2C).
Molecular based detection of common pathogens
Extensive testing was performed (on the basic of pathological changes)
in order to figure out possible cause(s) of the death. Viruses and bacteria
which are known to induce neurological disorder in pigs were examined,
including: Aujeszky’s disease virus (ADV), Classical swine fever virus
(CSFV), Encephalomyelitis virus (EMCV), Japanese encephalitis virus (JEV),
Hemophilus parasuis (HPS), Streptococcus suis, and verotoxin-2e producing
Escherichia coli (VTEC). Pathogens that associated with the porcine
respiratory disease complex were investigated, such as: Porcine reproductive
and respiratory syndrome virus (PRRSV), Swine influenza virus (SIV),
Porcine circovirus type 2 (PCV2). Several major enteric pathogens of pigs
were tested, such as: Porcine epidemic diarrhea virus (PEDV), Transmissible
gastroenteritis virus (TGEV), Group A rotavirus (RVA), and Porcine delta
corona virus (PDCoV).
Method for detection of ADV, EMCV, JEV, PRRSV, and SIV was based on
commercial single or multiplex PCR (RT-PCR) kits (catalogue 3033, 3031,
3024, and 3011, Median Diagnostics, Korea). The others pathogen- specific
primers were followed previous publications (8-13). As shown in Table 1, it
was striking that only 2 (Streptococcus suis and PCV2) out of 14 tested viruses/
bacteria were detected in that dead pig.
TABLE 1

5

Porcine circovirus disease is known as a multifactorial pig disease (5), of
which coinfection with virus and/or bacteria have been shown to increase
replication of PCV2 and the incidence of the disease (3). In this case report,
a systemic infection of Streptococcus suis was detected in brain and internal
organs (Table 1). In the literature, streptococci’s in pigs were characterized
by fibrinous polyserositis, fibrinous or hemorrhagic bronchopneumonia,
purulent meningitis, etc. (16). But, none of those presented in this case. It
was also strange to observe mainly plasma cells along blood vessels within
the meninges of the brain (Figure 2C). Nowadays, with the advantages of
molecular based method, many previously unknown microorganisms which
might positively related to porcine circovirus disease had been detected,
such as: porcine torque teno virus (17), and porcine Circoviruses type 3 (18),
etc. As the result, the presence of several novel pathogens will be further
investigated for this case.

CONCLUSION
The pig described in this study suffered from an atypical porcine circovirus
disease which was based on the presence of PCV2 systemically and a typical
lesion of lymphoid depletion.

ABBREVIATIONS
PCVD: Porcine Circoviruses diseases; PCV-2: Porcine Circoviruses type 2;
RT-PCR: Reverse transcription polymerase chain reaction; ADV: Aujeszky’s
disease virus; CSFV: Classical swine fever virus; EMCV: Encephalomyelitis
virus; JEV: Japanese encephalitis virus; HPS: Hemophilus; VTEC: verotoxin2e producing Escherichia coli; PRRSV: Porcine reproductive and respiratory
syndrome virus; SIV: Swine influenza virus; PEDV: Porcine epidemic
diarrhea virus; TGEV: Transmissible gastroenteritis virus; RVA: Group A
rotavirus; PDCoV: Porcine delta coronavirus.

CONSENT

The results of molecular based detection of viral and bacterial
pathogens from a dead pig of ML farm
Agents

In Korea, PRRS was very common in nearly all farms (15). It was thus
based on the gross lesions of the lung (congestion, rubbery consistency),
this case was first suspected for the PRRS manifestation. However, it was
failed to demonstrate the presence of PRRSV. Despite PCV2 was detected
in this case, the histopathological changes of the lungs (Figure 2A) were not
typical for confirmation of porcine circovirus disease (lymphohistiocytic to
granulomatous interstitial Pneumonia or granulomatous bronchointerstitial
pneumonia) (4). Additionally, a few important clinical symptoms of porcine
circovirus disease, such as: wasting, lymph node enlargement, etc. was
observed. On the other hand, a typical lesion of the PCV2 systemic disease
(lymphocyte depletion) was observed (Figure 2B).
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Consent was obtained from the owner of the pig for publication of this case
report and any accompanying images.
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Figure 3) Phylogenetic tree of genotype PCV2d. Samples T400 and T401 were clustered to several known PCV2d sequences (highlighted in yellow)
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