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ABSTRACT

his study investigated an outbreak of PMWS during April-June, 2025 in an organized pig farm in Bareilly, Uttar Pradesh,

India to elucidate the pathological interplay among porcine circovirus 2, porcine parvovirus 1 and Streptococcus suis in
piglets. Postweaned piglets (n=10) showing progressive wasting, respiratory distress and followed by death were examined by
detailed necropsy, histopathology, PCR and immunohistochemistry. Grossly, piglets were emaciated and showed hydrothorax,
fibrinous pleuritis and pericarditis, severe pulmonary lesions, lymphadenopathy, hepatic necrosis, enteritis, nephritis and cerebral
congestion, indicating multisystemic involvement. PCR detected PCV2 and PPV1 in all 10 piglets and §. suis in six, while
all were negative for PCV3. Microscopically, interstitial and bronchointerstitial pneumonia, marked lymphoid depletion with
giant cells formation, myocarditis with chronic fibrinous pericarditis, granulomatous enteritis, interstitial nephritis and hepatic
degeneration were prominent. Masson’s trichrome and Brown and Brenn stains demonstrated fibrinous pericarditis and bacterial
colonies, respectively. IHC demonstrated PCV2 antigen in bronchial epithelium and lymphoid tissues and PPV1 antigen in
intestinal mononuclear cells and myocardium, supporting active viral association in lesion development. The concurrent detection
of §. suis in pigs with severe serositis and cardiac lesions exacerbated disease severity. In conclusion, the findings confirmed a
multifactorial pathogenic association of PCV2, PPV1 and §. suis in PMWS affected piglets, with coinfections intensifying

lesion severity and broadening organ tropism.
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1. INTRODUCTION
Postweaning multisystem wasting syndrome (PMWS) is
important clinical manifestations of porcine circovirus
associated disease (PCVAD) which causes considerable
economic losses globally despite vaccination against primary
pathogens. The disease is challenging problem in pig
health management due to viral mutations, diverse clinical
manifestations, immunosuppression and co-infections.
PMWS is characterized by generalized wasting, dyspnoea,
skin lesions swelling of superficial inguinal lymph nodes
and frequently jaundice (Kim et al., 2002). The Porcine
circovirus 2 (PCV2), single stranded circular DNA virus
belongs to the family Circoviridae is the principal etiology of
PMWS. PCV2 associated with PMWS has been reported from
northern India and southern states (Rajkhowa and Saikumar,
2012; Keerthana et al., 2019). Early studies on PMWS revealed
that the tissues of affected pigs contained porcine circovirus
antigens and nucleic acid. Though PCV2, is not adequate to
produce clinical manifestations but concurrent infections
with other viral and bacterial pathogens causes severity of
clinical syndrome. Multiple pathogens are involved and it
varies herd to herd. The PCV2 and porcine parvovirus 1
(PPV1) are two important viral pathogens in domestic pigs,
frequently noticed as coinfections in many swine producing
countries including India (Sharma and Saikumar, 2010).
The occurrence of PPV1 infection in pigs was first reported
in early nineteen sixty and currently, it is considered to be
endemic in major swine producing countries. The PPV1
infection primarily affects gilts or sows. It leads to significant
production loss in herd due to abortion, stillbirth and poor
litter size. The PPV1 is a well recognized abortigenic
pathogens that causes stillbirth, mummification, embryonic
death and infertility (SMEDI). Apart from, porcine
reproductive failure, PPV1 causes mortality in post-natal
live in unvaccinated herd specially associated with PMWS
(Das et al., 2025). PCV2 also associated with reproductive
disorder (Vidyarani et al., 2024) and skin lesions as
coinfections with swine poxvirus (Sangavi et al., 2026). The
immune system’s involvement lies at the core of PMWS
pathogenesis. The syndrome usually occurs in grower pigs
between 8 and 16 weeks of age. Piglets with PMWS show
different degrees of cachexia, generalized lymphadenopathy,
pneumonia, ulceration of stomach. Microscopically, there
are characteristic histological lesions in lymphoid tissues
consisting of a variable degree of lymphocyte depletion,
often intracytoplasmic inclusion bodies and giant cell
infiltration. It causes lymphoid depletion in lymph nodes,
tonsil, Peyer’s patches, thymus and spleen (Darwich et al.,
2004; Krakowka et al., 2004). There are lymphohistiocytic
to granulomatous inflammation in vital organs, such as
intestine, liver, kidney, lymphoid tissue and lung. Lungs
show interstitial to broncho-interstitial pneumonia. Several
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farms at Uttar Pradesh experienced high mortality in post
weaning piglets due to PMWS (Rajkhowa and Saikumar,
2012) In this context, a spontaneous surveillance is
necessary for better understanding of etiological association,
epidemiology and pathology in endemic areas. The study
aimed to investigate and understand the pathological
interplay between PCV2 and PPV1 in piglets in Bareilly,
Uttar Pradesh.

2. MATERIALS AND METHODS

2.1. Outbreak and sampling

Outbreak was investigated in April-June, 2025 at organized
pig farm in Bareilly, Uttar Pradesh, India. Detailed herd
history was taken from pig farm. Pigs of the herd were
vaccinated against CSFV but no vaccination against PCV2
and PPV1 were being practiced in herd. Farm hygiene
and biosecurity measures were generally adequate. The
reproductive performance was fair having history of abortion
and stillbirths. The piglets were routinely weaned at 21-25-
day post farrowing. After 7-14 days post weaning piglets
exhibited progressive wasting and poor growth despite
maintaining appetite, along with pallor, rough hair coat,
generalized weakness, enlarged lymph nodes, and respiratory
distress. Some animals showed diarrhea, coughing and
in severe cases, sudden death with high case fatality and
mortality within the group. Piglet carcasses (n=10) after
mortality were submitted to the post mortem facility at
Division of Pathology, ICAR-IVRI, Bareilly, Uttar Pradesh.
A detailed necropsy was carried out and gross pathological
findings of various vital organs like liver, lung, heart, lymph
node, intestine, spleen were recorded and these organs were
turther collected in 10% NBF for histopathological study
and some portion of above organs were taken for molecular
assay without any preservative.

2.2. Molecular detection

Total DNA was extracted from the collected samples by
using DNeasy” Blood and Tissue Kit (Qiagen). The DNA
in all the samples was quantified by NanoDropND-1000
spectrophotometer (Nanotechnologies, USA). The
extracted DNA was subjected to PCR for diagnosis of
PPV1,PCV2,PCV3 and Streptococcus suis using diagnostic

primers as given in Table 1.
2.3. Histopathological examination

Formalin fixed tissue samples were processed routinely
through graded alcohols for dehydration and cleared in
xylene. The tissues after all the processes were paraffin
wax embedded and 4-5 p thickness was cut and taken for
Hematoxylin and Eosin (H&E) staining as described by
Bancroft and Gamble (2008). Histopathological lesions were
examined in all the tissues. Special staining like Masson’s
trichrome and Brown and Brenn staining were performed
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Table 1: Primer details of all primer for PPV1, PCV2, PCV3 and Streptococcus suis

SI. Primer sets Sequence 5' - 3' Target Gene Amplicon size (bp) Reference

No.

1. PPV F agttagaataggatgcgaggaa NS1 of PPV1 265 Xu et al., 2013
PPV R gagtctgttggtotatttattgg

2. PCV2F  cggatattgtagtcctggteg ORF2 of PCV2 481 Ellis et al., 1999
PCV2R actgtcaaggctaccacagtca

3. PCV3F ccacagaaggegctatgtc OREF2 of PCV3 330 Palinski et al., 2017
PCV3R ccgeataagggtegtcttg

4. S.suis F gcagcgtattctgtcaaacg gdh of Streptococcus suis 688 Okwumabua et al., 2003
S. suis R ccatggacagataaagatgg

to demonstrate collagens and bacterial colonies, respectively
in paraffin sections.

2.4. Immunobistochemistry

For immunohistochemistry, 4-5 pm paraffin sections
mounted on APES (3-Aminopropyltriethoxysilane, Sigma)-
coated slides were deparaffinized, rehydrated, and subjected
to heat-induced antigen retrieval in citrate buffer containing
0.1 M citric acid and 0.1 M trisodium citrate. Endogenous
peroxidase and nonspecific binding were blocked by 3 %
hydrogen peroxide and 5% goat serum, and the sections
were incubated overnight with primary antibody (1:100) for
PPV1 (Anti-PPV Capsid protein VP2 Polyclonal antibody,
(Antibody System) and PCV2 (1:200 GeneTex) both
raised in rabbit, followed by HRP-conjugated secondary
anti-rabbit antibody (Sigma). The reaction was developed
with DAB, counterstained with hematoxylin, mounted, and
examined under a light microscope.

3. RESULTS AND DISCUSSION

On external examination, all carcasses were markedly
emaciated, with prominent bony structures and pale
mucous membrane. Gross examination of the carcasses
revealed severe systemic involvement with lesions in all
vital organs like lung, mediastinal lymph node, liver, heart,
spleen, intestine, kidney, mesenteric lymph node, brain and
intestine. After opening carcass showed hydrothorax with
accumulation of straw-coloured fluid in the thoracic cavity
and yellowish-white fibrinous deposition over the surface
of the right lung (Figure 1). The lungs were enlarged,
edematous, and severely haemorrhagic, with fibrinous
adhesion of the left lobes to the pericardium and fibrinous
thickening on the posterior surface of the left diaphragmatic
lobe (Figure 2). The heart showed fibrinous pericarditis with
yellowish fibro-adhesive tissue between pericardium and
epicardium (Figure 3). The mediastinal lymph nodes were
enlarged and exhibited edema and haemorrhages (Figure
4). Liver showed multiple focal areas of necrosis and spleen

thoracic cavity and yellowish white fibrinous deposition over
the right lateral surface of lungs

Figure 2: Enlarged, oedematous, severely haemorrhagic lung
with fibrinous adhesion of left lobes to the pericardium as well
as fibrinous thickening present over the posterior surface of
left diaphragmatic lobe
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Figure 3: Heart showing inner pericardial and epicardial
surfaces with covered with yellowish fibrinous material
deposition

N T

Figure 4: Mediastinal lymph node enlarged with oedema and

haemorrhages

showed mild enlargement. Intestine showed thickened
mucous membrane with enlarged mesenteric lymph node
and mesenteric congestion. Kidney showed focal areas of
petechial haemorrhages over the capsule. The brain of all
animals showed severe leptomeningeal congestion on the
ventral aspect.

Molecular analysis confirmed the presence of PCV2 in all

the samples (n=10) by amplification of a 481 bp product
targeting ORF2 (Figure 5). Streprococcus suis was detected
in six piglets (n=6) by amplification of 688 bp product
targeting the gah gene (Figure 6). PPV1 was also detected in
all the samples (n=10) by amplification of a 265 bp product
targeting the NS1 gene (Figure 7). All samples were found
to be negative for PCV3.

203 " 5N

481 bp

Figure 5: 1.5% agarose gel showing amplification of 481 bp
amplicons of PCV2 (ORF-2). Lane M: Ladder (100 bp), Lane
1: NTC, Lane 2: Positive control, Lane 3: Sample ID: 274 A,
Lane 4: Negative sample, Lane 5: Sample ID: 99A, Lane 6:
Sample ID: 91 A. Lane 7: Sample ID: 92 A

Figure 6: 1.5% agarose gel showing amplification of 688 bp
amplicons of S. suis (gdh), Lane M: Ladder (100 bp), Lane
1: NTC, Lane 2: Positive control, Lane 3: Negative sample,
Lane 4: Sample ID: 274; A, Lane 5: Sample ID: 99 A, Lane
6: Sample ID: 90 A, Lane 7: Sample ID: 91 A
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Figure 7:1.5% agarose gel showing amplification of 265 bp
amplicons of PPV1(NS1). Lane M: Ladder (100 bp), Lane
1: NTC, Lane 2: Positive control, Lane 3: Sample ID: 74 A,
Lane 4: Negative sample, Lane 5: Sample ID: 90A, Lane
6: Sample ID: 91 A, Lane 7: Sample ID: 92 A

Microscopically lungs exhibited two forms of pneumonia:
interstitial and broncho-interstitial pneumonia. Broncho-
interstitial pneumonia was noticed in 6 piglets while
interstitial pneumonia in 4 piglets. Broncho-interstitial
pneumonia was observed in association with PCV2and
PPV1 coinfections with Streptococcus suiswhile coinfection
of PPV1 and PCV2 led to interstitial pneumonia. In cases
of interstitial pneumonia, lungs showed severe inflammatory
cell infiltration within the alveolar spaces (Figure 8),
widened alveolar septa due to macrophage activation,
and congested alveolar capillaries. In bronchointerstitial
pneumonia, there was bronchial epithelial denudation,
mononuclear cells infiltration and neutrophils within the
bronchial lumen, and mononuclear cell and neutrophil
infiltration in the alveolar septa. Brown and Brenn staining
of lung showed multiple discrete patches of blue-stained
bacterial colonies predominantly located in the peribronchial
and interstitial regions in six samples (Figure 9). The lymph
nodes showed marked lymphoid depletion, necrotic masses,
and giant cell formation within the lymphoid follicles
(Figure 10). Histopathologically heart revealed myocardial
fibres degeneration with mononuclear cells infiltration
and thickening of the epicardium (Figure 11). Masson’s
trichrome staining in heart revealed predominantly blue
stained collagenous fibrosis with minimal red fibrinous
deposition over epicardium layer consistent with chronic
organized pericarditis (Figure 12). The palatine tonsils
exhibited necrosis and depletion of lymphoid cells. Spleen

Figure 8: Alveolar spaces showing severe inflammatory cell

infiltration. H&E, 4X. Inset, H&E, 20X

.

WA % 2o

DL
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Figure 9: Lung showing multiple discrete patches of blue-
stained bacterial colonies predominantly located in the
peribronchial and interstitial regions. Brown and brenn 10X

tion,

Figure 10: Lymph node showing lympho
necrotic mass and giant cells formation in lymphoid follicles

H&E 40X
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Figure 11: Heart showing thickened epicardium with
marked mononuclear cells infiltration and degeneration

blue collagenous fibrosis with minimal red fibrinous

material. MST, 40X

showed lymphoid depletion in the PALS area with
congested blood vessels. The liver demonstrated distortion
of hepatic cords, severe dilation of sinusoids, and infiltration
of mononuclear cells. Kidney section showed glomerular
atrophy and mild mononuclear cells infiltration in the
interstitium. Intestine revealed lymphoid depletion in
the GALT area with severe mononuclear cells infiltration
within the lamina propria of colon and jejunum and
giant cells formation within the lymphoid tissue. Brain
sections exhibited congestion in the cerebral blood vessels.
Immunohistochemical examination demonstrated positive
labeling for PCV2 antigen in bronchial epithelium (Figure
13A), while the corresponding control sections showed
no immunostaining (Figure 14A and B). PPV1 antigen

was demonstrated in mononuclear cells within the lamina

Figure 13 B: Control with
MH10X

Ay
Lisedin s

14A

Figure 14: A: Positive immunolabeling of PPV1 antigen in
mononuclear cells within lamina propria of intestine IP-
DAB-MH 40X; B: Control showing no immunostaining
for PPV1 antigen. IP-DAB-MH 10X

propria of the intestine (Figure 15A) and in myocardium
cells (Figure 16A), whereas the negative controls remained

unstained (Figure 14B, Figure 15B).

Both gross and histopathological examination confirmed
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Flgure 15A Positive 1mmunolabehng of PPVl antigen
within myocardium cells. IP-DAB-MH 20X

Figure 15B: Control showing no immunostaining for PPV1
antigen. IP-DAB-MH 10X

multisystemic nature of PMWS, with severe interstitial to
broncho-interstitial pneumonia, hepatic necrosis, interstitial
nephritis, granulomatous enteritis and cerebral congestion,
consistent with previous reports of systemic involvement due
to multiple pathogens (Segales et al., 2005; Sairam et al.,
2023). This suggested that concurrent infection in PMWS
might intensify lesion severity and broaden the range of
organs tropism (Pallares et al., 2002). Severe wasting and
multisystemic involvements were already seen due to PPV1
and PCV2 coinfections in the previous experimental studies
(Allan et al., 1999; Sairam et al., 2023).

The cardiac lesions, including fibrinous pericarditis and
mononuclear cell infiltration in the myocardium, were
also compatible with earlier findings in piglets infected
with PCV2 and PPV 1, where myocardial lesions and
hydrothorax were reported more prominently in coinfected
animals (Pallares et al., 2002). Chronic fibrinous pericarditis
as indicated by blue stained fibrous tissue in masson’s
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trichrome stain and other myocardial affections were
mainly seen in cases with coinfection of Streptococcus suis
which was a consistent finding with the previous studies
involving bacterial pathogen mainly Haemophilus parasuis
and Mycoplasma hyorhinisin in such cases (Nedbalcova et
al., 2006; Ustulin et al., 2021). Streptococcus suis infection
in piglet mainly involved in cases of endocarditis and
polyserositis (Tram et al., 2021) but cases of pericarditis
have also been seen (Yang et al., 2026).

The respiratory lesions like fibrinous pleuritis, pulmonary
edema, hemorrhage, and inflammatory cell infiltration
in the alveolar spaces, were in agreement with previous
reports that PCV2 infection commonly involves the lungs
and contributes to respiratory compromise (Rosell et al.,
2000). Interstitial pneumonia and severe mononuclear
cells infiltration with pulmonary oedema, consolidation
and thickened alveolar septa have been well documented
PCVAD lesions in previous reports (Rosell et al., 2000;
Opriessnig and Langohr, 2013). Severe lymphoid depletion,
giant cell formation, and necrotic changes in lymphoid
tissues were classical lesions of PCV2 infection and have
been widely described in PMWS/PCVAD-affected pigs
(Allan and Ellis, 2000; Opriessnig and Langohr, 2013).

In the present cases, the presence of these lesions together
with antigen detection in bronchial epithelium further
supports the role of PCV2 in producing tissue damage and
systemic disease. The detection of PPV1 antigen in the
intestine and myocardium, along with PCR confirmation,
indicated active involvement of porcine parvovirus in the
disease process (Sairam et al., 2023). Earlier work has shown
that PPV1 was often clinically mild when present alone,
but coinfection with PCV2 could result in more severe
pathological changes and worse clinical outcome (Pallares
et al., 2002; Segales et al., 2005, Seeliger et al., 2007).
Similarly, published studies have reported that PCV2 and
PPV1 coinfection may aggravate fetal and piglet lesions,
particularly in lymphoid and cardiac tissues. It was been seen
that PPV favours the replication of PCV2 in the lymphoid
system of an animals (Allan et al., 1999; Mitek et al., 2020),
thereby enhancing its pathogenicity and contributing more
on lymphoid depletion and development of secondary
bacterial infection. Piglets born to dams naturally infected
with PCV2, possessing maternal antibodies, could still
become infected and develop viremia, underscoring
incomplete protective efficacy of antibody. Comparable
patterns were observed with porcine parvovirus, where
maternal antibodies afford only partial shielding, insufficient
to fully prevent offspring infection (Dias et al., 2012).

The detection of Streptococcus suis alongside PCV2 and
PPV1 was also significant, because coinfection with bacterial
pathogens has been shown to worsen disease severity in

piglets (Opriessnig and Langohr, 2013; Das et al., 2025;
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Thomas et al., 2026). S. suis involvement in the herd is of
great concern to the piglet population as well as its potential
risk to human population causing meningitis (Tram et al.,
2021). The distribution of antigen in affected tissues further
strengthens the association between pathogen presence
and the observed histopathological damage. Moreover,
vaccination against PCV2 and PPV1 was the most effective
measure in breeding stock to reduce viral load. This extended
the importance to strengthen the farm management with
proper biosecurity measures.

4. CONCLUSION

he multifactorial pathogenic association of PCV2,

PPV1 and Streprococcus suis in most of pig showing
PMWS. The coinfections induced multisystemic wasting
disease with severe and diverse pathological lesions in piglets
in farm settings.

5. ACKNOWLEDGEMENT

he authors gratefully acknowledge the infrastructural

facilities and technical assistance extended by the
Division of Pathology, ICAR-Indian Veterinary Research
Institute, Izzatnagar, Bareilly, Uttar Pradesh. The support
and encouragement provided by the Director, ICAR-IVRI,
are also sincerely acknowledged.

6. REFERENCES

Allan, G.M., Kennedy, S., McNeilly, F., Foster, ].C., Ellis,
J.A., Krakowka, S.J., Meehan, B.M., Adair, B.M.;1999.
Experimental reproduction of severe wasting disease by
co-infection of pigs with porcine circovirus and porcine
parvovirus. Journal of Comparative Pathology 121(1),
1-11. DOI: https://doi.org/10.1053/jcpa.1998.0295.

Allan, G.M., McNeilly, F., Meehan, B.M., Ellis, J.A.,
Connor, T.J., McNair, 1., Krakowka, S., Kennedy, S.,
2000. A sequential study of experimental infection of
pigs with porcine circovirus and porcine parvovirus:
immunostaining of cryostat sections and virus
isolation. Journal of Veterinary Medicine 47(2), 81-94.
Available from: https://onlinelibrary.wiley.com/doi/
abs/10.1046/7.1439-0450.2000.00364 x.

Bancroft, ].D., Gamble, M., 2008. Theory and practice
of histological techniques (6™ Edn.). New York,
Churchill Living Stone Press. Available from: https://
www.scirp.org/reference/referencespapersereference
1d=1582193.

Darwich, L., Segalés, J., Mateu, E., 2004. Pathogenesis of
postweaning multisystemic wasting syndrome caused
by porcine circovirus 2: an immune riddle. Archives
of Virology 149, 857-874. DOI: 10.1007/s00705-
003-0280-9.

Das, T, Sethi, M., John, J.K., Tomar, N., Chavan, A.S.,

08

Pathak, M., Saikumar, G.,2025. Pathology of PMWS
associated with classical swine fever virus, porcine
parvovirus and multidrug resistant enteric Escherichia
coli infections in an organized swine farm, Rajasthan,
India. Indian Journal of Animal Research 59(10),
1726-1732. DOI: 10.18805/IJAR.B-4743.

Dias, A.S., Gerber, PE., Aradjo, A.S., Auler, PA., Gallinari,
G.C.,Lobato, Z.1.P,,2012. Lack of antibody protection
against Porcine circovirus 2 and Porcine parvovirus in
naturally infected dams and their offspring. Research
in Veterinary Science 93(3),1266-1269. DOI: https://
doi.org/10.1016/j.rvsc.2012.09.009.

Ellis, J., Krakowka, S.; Lairmore, M., Haines, D.,
Bratanich, A., Clark, E., Allan, G., Konoby,
C., Hassard, L., Meehan, B., Martin, K., 1999.
Reproduction of lesions of postweaning multisystemic
wasting syndrome in gnotobiotic piglets. Journal of
Veterinary Diagnostic Investigation 11, 3-14. DOI:
10.1177/104063879901100101.

Keerthana, J., Abraham, M.J., Krithiga, K., Priya, PM.,
2019. Studies on naturally infected cases of post
weaning multi systemic wasting syndrome (PMWS)
in piglets. The Pharma Innovation 8(6), 488. Available
from: https://www.thepharmajournal.com/archives/?y
ear=2019&wvol=8&issue=6&Articleld=3597.

Kim, J., Chung, H.K,, Jung, T., Cho, W.S., Choi, C,,
Chae, C., 2002. Postweaning multisystemic wasting
syndrome of pigs in Korea: prevalence, microscopic
lesions and coexisting microorganisms. Journal of
Veterinary Medical Science 64(1), 57-62. DOI:
10.1292/jvms.64.57.

Krakowka, S., Ellis, J., McNeilly, F., Meehan, B., Oglesbee,
M., Alldinger, S., Allan, G., 2004. Features of
cell degeneration and death in hepatic failure and
systemic lymphoid depletion characteristic of porcine
circovirus-2-associated postweaning multisystemic
wasting disease. Veterinary Pathology 41(5), 471-481.
DOI: 10.1354/vp.41-5-471.

Mitek, D., Wozniak, A., Podgorska, K., Stadejek, T., 2020.
Do porcine parvoviruses 1 through 7 (PPV1-PPV7)
have an impact on porcine circovirus type 2 (PCV2)
viremia in pigs? Veterinary Microbiology 247, 108774.
DOI: 10.1016/j.vetmic.2020.108613.

Nedbalcova, K., Satran, P., Jaglic, Z., Ondriasova, R.,
Kucerova, Z.,2006. Haemaophilus parasuis and Glisser’s
disease in pigs: A review. Veterinary Medicina 51(5),
168-179. DOI: https://doi.org/10.17221/5537-
VETMED.

Okwumabua, O., O’Connor, M., Shull, E., 2003. A
polymerase chain reaction (PCR) assay specific for
Streptococcus suis based on the gene encoding the
glutamate dehydrogenase. FEMS Microbiology


https://doi.org/10.1053/jcpa.1998.0295
https://doi.org/10.1016/j.rvsc.2012.09.009
https://doi.org/10.1016/j.rvsc.2012.09.009

International Journal of Bio-resource and Stress Management 2026, 17(9): 01-09

Letters 218(1), 79-84. DOI: https://doi.
org/10.1111/5.1574-6968.2003.tb11501 x.

Opriessnig, T., Langohr, 1., 2013. Current state of
knowledge on porcine circovirus type 2-associated
lesions. Veterinary Pathology 50(1), 23-38. DOI:
https://doi.org/10.1177/0300985812450726.

Palinski, R., Pineyro, P, Shang, P, Yuan, F., Guo, R., Fang,
Y., Byers, E., Hause, B.M., 2017. A novel porcine
circovirus distantly related to known circoviruses is
associated with porcine dermatitis and nephropathy
syndrome and reproductive failure. Journal of
Virology 91(1), 10-13. DOL: https://doi.org/10.1128/
jvi.01879-16.

Pallares, F.J., Halbur, PG., Opriessnig, T., Sorden, S.D.,
Villar, D., Janke, B.H., Hoffman, L.J., 2002. Porcine
circovirus type 2 (PCV-2) coinfections in US
field cases of postweaning multisystemic wasting
syndrome (PMWS). Journal of Veterinary Diagnostic
Investigation 14(6), 515-519. DOI: https://doi.
org/10.1177/104063870201400614.

Rajkhowa, T.K., Saikumar, G., 2012. Occurrence of post
weaning multisystemic wasting syndrome in crossbred
pigs of Uttar Pradesh and Uttarakhand, India. Indian
Journal of Animal Sciences 82(10),1122-1127. DOL:
https://doi.org/10.56093/1jans.v82110.24276.

Rosell, C., Segales, J., Ramos Vara, ]J.A., Folch, J.M,,
Rodriguez Arrioja, G.M., Duran, C.O., Balasch, M.,
Plana Durin, J., Domingo, M., 2000. Identification
of porcine circovirus in tissues of pigs with porcine
dermatitis and nephropathy syndrome. Veterinary
Record 146(2), 40-43. DOI: 10.1136/vr.146.2.40.

Sairam, R., Krishna, B.D., Krithiga, K., Priya, PM,,
Anoopraj, R., Ravishankar, C., Sajitha, 1.S., 2023.
Pathological investigation and viral antigen distribution
of postweaning multisystemic wasting syndrome
in association with porcine parvovirus infection of
pigs in Kerala, Southern India. Journal of Veterinary
and Animal Sciences 54(4), 1022-1034. Available
from: https://www.jvas.in/article/pathological-
investigation-and-viral-antigen-distribution-of-
postweaning-multisystemic-wasting-syndrome-in-
association-with-porcine-parvovirus-infection-of-
pigs-in-kerala-southern-india/.

Sangavi, K.R., Chaurasiya, A.K.E.S.M., Singh, D., Jana,
C., Pawaiya, R.V.S., 2026. Concurrent infections of
porcine circovirus 2 and swinepox virus in crossbred
piglets. International Journal of Bio-resource and
Stress Management 17(3), 1-9. DOI: https://doi.
0rg/10.23910/1.2026.6896.

Seeliger, F.A., Brugmann, M.L., Kruger, L., Greiser-Wilke,
I., Verspohl, J., Segales, J., Baumgartner, W., 2007.
Porcine circovirus type 2-associated cerebellar vasculitis
in postweaning multisystemic wasting syndrome

09

(PMWS)-affected pigs. Veterinary Pathology 44(5),
621-634. DOI: 10.1354/vp.44-5-621.

Segalés, J., Domingo, M., 2002. Postweaning multisystemic
wasting syndrome (PMWS) in pigs. A review.
Veterinary Quarterly 24(3), 109-124. DOI: https://
www.tandfonline.com/doi/abs/10.1080/01652176.2
002.9695132.

Segales, J., Calsamiglia, M., Olvera, A., Sibila, M.,
Badiella, L., Domingo, M., 2005. Quantification of
porcine circovirus type 2 (PCV2) DNA in serum
and tonsillar, nasal, tracheo-bronchial, urinary and
faecal swabs of pigs with and without postweaning
multisystemic wasting syndrome (PMWS). Veterinary
Microbiology 111(3-4), 223-229. Available from:
https://www.sciencedirect.com/science/article/abs/
pii/S0378113505003251.

Sharma, R., Saikumar, G., 2010. Porcine parvovirus- and
porcine circovirus 2-associated reproductive failure and
neonatal mortality in crossbred Indian pigs. Tropical
Animal Health and Production 42(3), 515-522. DOI:
10.1007/511250-009-9454-0.

Thomas, T.M., Jana, C., Singh, D., Kumar, M., Karikalan,
M., Saikumar, G., Pawaiya, R.V.S.,2026. Pathological
insights of porcine circovirus 2 infection in domestic
pigs and molecular characterization of field virus.
Microbial Pathogenesis 220, 108755. DOI: 10.1016/;.
micpath.2026.108755.

Tram, G, Jennings, M..P, Blackall, PJ., Atack, J.M., 2021.
Streptococcus suis pathogenesis: A diverse array of
virulence factors for a zoonotic lifestyle. Advances in
Microbial Physiology 78,217-257. DOI: https://doi.
org/10.1016/bs.ampbs.2020.12.002.

Ustulin, M., Rossi, E., Vio, D., 2021. A case of pericarditis
caused by Mycoplasma hyorhinis in a weaned
piglet. Porcine Health Management 7(1), 15-4.
Available from: https://d-nb.info/1234537311/34.

Vidyarani, H.B., Das, T., Saikumar, G., 2024. Porcine
circovirus 2d associated with stillborn mummified
foetus of pig. Indian Journal of Animal Sciences
94, 415-418. DOI: https://doi.org/10.56093/ijans.
v94i5.144702.

Xu, X.G., Chen, G.D., Huang, Y., Ding, L., Li, Z.C,,
Chang, C.D., Wang, C.Y., Tong, D.W., Liu, H]J.,
2012. Development of multiplex PCR for simultaneous
detection of six swine DNA and RNA viruses. Journal
of Virological Methods 183(1), 69-74. DOI: https://
doi.org/10.1016/j.jviromet.2012.03.034.

Yang, D., Xu, J., Hu, M., Zhu, J., Ren, B., Huang, X.,
Wang, L., 2026. Epidemiological investigation
and pathogenicity of Streptococcus suis in eastern
China. Frontiers in Microbiology 16,¢1710390. DOL:
https://doi.org/10.3389/fmicb.2025.1710390.


https://doi.org/10.1111/j.1574-6968.2003.tb11501.x
https://doi.org/10.1111/j.1574-6968.2003.tb11501.x
https://doi.org/10.1128/jvi.01879-16
https://doi.org/10.1128/jvi.01879-16
https://doi.org/10.1177/104063870201400614
https://doi.org/10.1177/104063870201400614
https://doi.org/10.56093/ijans.v94i5.144702
https://doi.org/10.56093/ijans.v94i5.144702
https://doi.org/10.3389/fmicb.2025.1710390

