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abstract

 Postweaning multisystemic wasting syndrome (PMWS) is one of the important emerging 
porcine circoviral associated disease (PCVAD) causing immense economic losses throughout 
the world producing mortality and morbidity mainly in post-weaned pigs. During the period from 
2018-2019, a total of 50 pig carcasses from different parts of Kerala were screened for concurrent 
infections of porcine parvovirus (PPV) and porcine circovirus type 2 (PCV2), followed by the 
establishment of PMWS. All the samples were subjected to polymerase chain reaction (PCR) 
initially followed by histopathology and immunohistochemistry (IHC). Phylogenetic analysis was 
performed for PPV using non-structural gene -1(NS1). The result of the molecular screening using 
polymerase chain reaction revealed only one sample to be positive for both PCV2 and PPV. The 
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gross lesions noted were the non-collapsed 
voluminous lungs, necrotising lymphadenitis, 
interstitial nephritis, splenomegaly and fibrinous 
pericarditis. Histopathological examination 
revealed mild interstitial pneumonia, lymphoid 
depletion in periarteriolar lymphoid sheaths 
of spleen with focal areas of granulomatous 
inflammation, depletion of the germinal centre of 
the follicles in the lymph nodes, non-suppurative 
myocarditis and interstitial nephritis. Further, 
immunohistochemistry demonstrated PCV2 and 
PPV antigens in the affected tissues. Based on 
the clinical signs, histopathological lesions and 
immunohistochemical demonstration of PCV2 
antigen, the case was confirmed as PMWS in 
association with PPV. This report of PMWS in 
association with PPV confirms, probably for the 
first time in the Kerala state of India.

Keywords: Post weaning multisystemic 
disease, porcine circovirus 2, porcine parvo 
virus, immunohistochemistry

 Porcine circovirus associated 
diseases (PCVAD) refers to several disease 
entities, associated with porcine circovirus type 
2 (PCV2). Post-weaning multisystemic wasting 
syndrome (PMWS) is one of the most important 
PCVAD. Its first description was recorded at 
Canada in 1991 (Clark, 1997). Post-weaning 
mortality is the most significant problem in 
PMWS affected herds (Vijayaragavan et al., 
2021). In addition, reduction in growth and 
poor feed conversion as well as increased 
usage of antibiotics added to the cost of this 
disease. Infection with PCV2 is mandatory for 
the PMWS to develop. Pathological studies 
of PCV2 infection with PMWS had only been 
recently established in Kerala (Keerthana et al., 
2017). 

 However, the most studies had shown 
that PCV2 needs one or more co-factors for 
PMWS to develop into severe and even fatal 
disease. Some of the identified co-factors 
were porcine parvo virus (PPV) (Ouyang et al., 

2019), porcine reproductive and respiratory 
syndrome virus (PRRSV) (Liu et al., 2015), 
Mycoplasma hyopneumoniae (Opriessnig 
et al., 2004). Among that, PPV have been 
demonstrated as one of the crucial co-factors in 
PMWS (Allan et al., 1999). PPV is considered 
as a reproductive pathogen which is ubiquitous 
in nature and being the sole etiology of stillbirth, 
mummification, embryonic death and infertility 
(SMEDI) (Johnson and Collings, 1969). In India, 
PCV2 was first described in 2006 (Kumar, 2008) 
followed by identification of PPV in 2010 (Sharma 
and Saikumar, 2010), respectively. Concurrent 
infection with PPV increases the severity of 
PCV2 in post weaning multisystemic wasting 
syndrome (PMWS) (Kennedy et al., 2000). But 
the interaction of these viruses to develop into 
PMWS has not been studied yet. To confirm, 
it must meet three criteria (i) the presence of 
compatible respiratory and digestive clinical 
signs (ii) characteristic histopathology lesions 
and (iii) demonstration of PCV2 antigen within 
the lesions. Hence, this study was designed 
with the objective of studying the pathological 
characteristics of natural cases of PMWS in 
association with PPV.

Materials and methods

 The study was conducted for a period 
of one year from June 2018 to June 2019. 
The detailed history was noted followed by 
complete necropsy of the carcasses suspected 
of PMWS. Tissue samples such as lungs, lymph 
nodes, spleen, heart, liver, kidneys and tonsils 
of the soft palate were collected in 10 per cent 
neutral buffered formalin for histopathology 
and immunohistochemistry (IHC). The tissue 
samples were collected and immediately stored 
at -70 °C with proper labelling for molecular 
diagnosis.

Polymerase chain reaction

 Total DNA was extracted from 
the pooled organ tissue samples for the 
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molecular screening of PCV2 and PPV using 
Qiagen DNeasy blood and tissue extraction 
kit (Germany) as per the manufacturer’s 
recommendation. Polymerase chain reaction 
(PCR) was carried out for the screening of PCV2 
and PPV. The forward and reverse primers 
used were 5′CGGATATTGTAGTCCTGGTCG3′; 
5 ′ A C T GT C A A G G C TA C C A C A GT C A 3 ′ 
respectively targeting open reading frame – 2 
(ORF-2) gene for screening PCV-2 (Ellis et 
al., 1999). The reaction was done in a 12.5 µL 
volume with 1µL each of primers with 10 pM/
µL concentration. The target segment was 481 
bp. The thermal cycling conditions included an 
initial denaturation of 94 °C for 1 min, followed 
by 35 cycles of denaturation at 94 °C for 1 
min, annealing at 55 °C for 1 min, extension 
at 72 °C for 1 min, and a final extension at 
72°C for 10 min. For PPV detection, forward 
and reverse primer sequences used were 
5′AGTTAGAATAGGATGCGAGGAA3′ and 
5 ′ AG AGTCTGT TG GTGTAT T TAT TG G 3 ′ 
respectively targeting NS1 gene of ORF-1 
for screening PPV (Aishwarya et al., 2016). 
The target segment was 265 bp. The reaction 
was done in a 25 µL volume with 1µL each 
of primers with 10 pM/µL concentration. The 
thermal cycling conditions included an initial 
denaturation of 95 °C for 2 min, followed by 
35 cycles of denaturation at 95 °C for 15 s, 
annealing at 53°C for 30 s, extension at 72°C 
for 30 s, and a final extension at 72°C for 5 
min. Amplicons were analysed on 1.5 per 
cent agarose gel electrophoresis followed by 
visualisation in gel documentation system (Bio-
Rad Laboratories, USA). Phylogenetic analysis 
of PPV sequences obtained in this study were 
carried out using MEGA7 software (Kumar et al., 
2016). For phylogenetic analysis, 21 sequences 
of PPV isolates from other parts of India and 
from other countries were downloaded from 
GenBank (www.ncbi.nlm.nih.gov/genbank/). 
Using Clustal W program of MEGA7, alignment 
of the downloaded sequences followed by 
trimming of the same to match sequence lengths 

obtained in this study. The evolutionary history 
was inferred by using Neighbour Joining (NJ) 
method (Saitou and Nei, 1987). The bootstrap 
consensus tree inferred from 1000 replicates 
(Felsenstein, 1985) was taken to represent the 
evolutionary history of the sequences analysed. 
Determination of evolutionary distances were 
done by Kimura 2-parameter method (Kimura, 
1980), Jukes-Cantor parameter method (Jukes 
and Cantor, 1969) and Tamura-3-parameter 
method (Tamura, 1992).

Histopathology

 Formalin fixed tissue samples were 
subjected through steps of dehydration, 
clearing, impregnation and paraffin embedding. 
The tissue sections were cut at 4-5 µm 
thickness and stained with haematoxylin and 
eosin (Suvarna et al., 2018).

Immunohistochemistry

 The test was performed for PCV2 and 
PPV using PCV2 capsid antibody (GeneTex, USA, 
GTX128120) and PPV monoclonal antibody 
(Vmrd, USA, 3C9D11H11), respectively. Tissue 
sections were deparaffinised, rehydrated 
and citrate buffer method of antigen retrieval 
was used. The procedure was performed 
with avidin-biotin complex method as per the 
manufacturer’s recommended protocol (Abcam 
secondary antibody kit, Cambridge, United 
Kingdom, Ab7090). 3’ diaminobenzidine (DAB) 
chromogen was used as the colouring substrate 
for the positive antigenic signals. Mayer’s 
haematoxylin was used as the counterstaining 
followed by mounting with DPX mountant.

Results and discussion

Molecular detection

 A total of 50 randomly selected 
samples were tested for the presence of PCV2 
and PPV. Screening showed only one case 
concurrently positive for both PCV2 and PPV. 
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The amplicons sizes of PCV2 and PPV were 
481 bp (Fig.1) and 265 bp (Fig. 2), respectively. 
Kim and Chae (2004) proposed the PCR is 
the most sensitive technique compared to 

virus isolation, IHC and in situ hybridization in 
detecting PCV2 and PPV. 

Pathological lesions

 The lesions observed in PCV2 
co-infected PPV pig were non-collapsed, 
voluminous lungs with rubbery consistency 
(Fig. 3). Lungs revealed frothy discharge with 
mucopurulent exudates on sectioning. Pleura 
was thickened and adhered to the thoracic 
cavity. Bronchial lymph nodes were enlarged, 
necrotic and haemorrhagic (Fig. 4). Fibrinous 
pericarditis with approximately 20-30 mL 
of blood-tinged fluid was observed in the 
pericardial sac (Fig. 5). Approximately 80-90 

Fig. 1.  Agarose gel electrophoresis showing 
amplicons encoding 481 bp of ORF2 gene 
of PCV2 from tissues using RT-PCR. Positive 
samples showed the expected molecular 
size of the 481 bp PCR product. Lane 1. 
Positive sample; Lane 2. Negative control; 
Lane 3. Positive sample; Lane 4.100 bp DNA 
molecular weight markers

Fig. 2.  Agarose gel electrophoresis showing 
amplicons encoding 265 bp of NS1 gene 
of PPV from tissues using PCR. Positive 
samples showed the expected molecular 
size of the 265 bp PCR product. Lane 1.100 
bp DNA molecular weight markers; Lane 2. 
Positive control; Lane 3. Positive sample; 
Lane 4. Negative sample

 Fig. 3.  Lungs: Non- collapsed voluminous lungs with 
rubbery consistency 

Fig. 4. Lungs: Enlarged, haemorrhagic and necrotic 
bronchial lymph nodes (arrow)
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mL of serosanguinous fluid was also evident 
in the peritoneal cavity. Spleen was congested 
and enlarged. There were multifocal areas of 
interstitial nephritis in the kidney (Fig. 6). Liver 
showed multifocal white areas of necrosis (Fig. 
7). Diphtheritic membrane was noticed in the 
mucosa of the large intestine. These lesions 
were also in accordance with the PCV2-SD 
categories of lesions as mentioned by Segales 
(2012). Woods et al. (2009) hypothesised that 
serosanguinous fluid in the peritoneal cavity 
was due to the outcome of endothelial damage 
by PPV. Drolet et al. (2002) demonstrated that 
positive co-relation exists between interstitial 

nephritis and association of PCV2 and PPV. 
The lesion was due to the ability of the virus 
to replicate in the dividing cells of tubular 
epithelium (Kennedy et al., 2000).

 Histopathological examination 
revealed mild broncho-interstitial pneumonia 
characterized by exfoliation of bronchiolar 
epithelium and thickening of alveolar septa 
due to proliferation of Type II pneumocytes with 
infiltration of mononuclear cells, haemorrhages, 
necrotic debris, and congestion of capillaries 
(Fig.8 and Fig. 9). Fibrin thrombi were noticed in 
the lumen of pulmonary blood vessels. There was 

Fig. 5.  Heart: Hemopericardium with fibrinous 
pericarditis (arrow)

Fig. 6. Multifocal necrotic spots commonly called as 
“white spotted kidney’ (arrows)

Fig. 7. Liver: Multifocal areas of necrotic foci

Fig. 8.  Lungs (H&E x100): Mild broncho-
interstitial pneumonia, proliferation of Type 
II pneumocytes with congestion of blood 
vessels
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moderate lymphoid rarefaction and necrosis with 
replacement by histiocytes in the tonsils of the 
soft palate (Fig. 10). Spleen revealed moderate 
rarefaction of periarteriolar lymphoid sheaths 
(PALS) in the white pulp region. Focal areas of 
granulomatous inflammation with the infiltration 
of epithelioid cells were also evident (Fig. 11). 
Bronchial lymph nodes showed depletion in the 
lymphoid density in the follicular areas with the 
infiltration of histiocytes and fewer eosinophils 
at the periphery of the follicles and congestion 
of blood vessels (Fig. 12). Non-suppurative 
myocarditis with infiltration of mononuclear 
cells and haemorrhages noticed between the 

cardiac muscle fibres. Vacuolar degeneration 
of the hepatocytes with focal areas of necrosis 
and infiltration of macrophages were seen 
in the liver. Kidney had multifocal areas of 
interstitial nephritis due to the infiltration 
of macrophages AND tubular necrosis and 
denuded epithelial cells was present in tubules 
(Fig. 13). There was also shrunken and variable 
sized glomerulus with increased periglomerular 
space in kidney. Histopathological lesions 
such as broncho-interstitial pneumonia with 
desquamated bronchiolar epithelium and 
proliferation of Type II pneumocytes with the 
infiltration of mononuclear cells was very 

Fig. 9.  Lungs (H&E x400): Infiltration of 
mononuclear cells, haemorrhages, necrotic 
debris, and congestion of capillaries 

Fig. 10.  Tonsil of the soft palate (H&E x100): 
Lymphoid rarefaction and necrosis with 
histiocytic infiltration 

Fig. 11.  Spleen (H&E x200) Lymphoid rarefaction of 
periarteriolar lymphoid sheaths (PALS) in 
the white pulp with infiltration of histiocytic 
and epithelioid cells

Fig. 12.  Bronchial lymph nodes (H&E x100) 
Lymphoid depletion and congestion of 
blood vessels 
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common findings noted in co-infection of PPV 
and PCV2 (Pescador et al., 2007). Both PPV 
and PCV2 have high tropism to lymphoid cells 
which leads to impairment of immune system 
(Ellis et al., 1998). So, enhanced replication of 
PCV2 resulted in the spread of PPV in lymphoid 
tissues (Allan et al., 2000). These findings were 
similar to the findings reported by Ha et al. 
(2008). Non-suppurative myocarditis seen in the 
study was highly in consistent with PPV (Bolt et 
al., 1997). They hypothesised that the porcine 
cardiac myocytes support the replication of 
PPV beyond the neonatal period.

Immunohistochemical demonstration of 
PCV2 and PPV antigens in tissues

 Immunohistochemistry was performed 
to demonstrate PCV2 antigens mainly in 
the spleen and lymph nodes positive cases 
using PCV2 capsid antibody. Positive reaction 
was identified by typical dark brown reaction 
product with DAB as chromogen. Spleen 
showed maximum extent of positively stained 
cells predominantly in the inter-follicular region. 
The most consistent staining observed in this 
region was within lymphocytes followed by 
macrophages (Fig. 14). Lymph nodes had 
moderate to strong signals in the follicular region 
of cortex (Fig. 15). Here, moderate to strong 
signals was seen in lymphocytes followed by 

macrophages while in parafollicular region 
macrophages showed intense brown coloured 
staining than lymphocytes. Lymph nodes 
showed high extent of positive stained cells 
in comparison to spleen. Other cells such as 
reticuloendothelial cells and fibrocytes showed 
mild staining reaction. IHC was used for the 
demonstration of PPV antigens in tissues such 
as tonsil of the soft palate, lymph nodes and 
spleen. Strong immunopositivity was observed 
in the tonsil of the soft palate compared to other 
tissues. Signals were mainly observed in the 
follicles with lymphocytes, macrophages and 

Fig. 13.  Kidney (H&E x100): Multiple areas of 
tubular necrosis and interstitial nephritis   
(arrows)

Fig. 14.  Spleen (IHC x400): Positive PCV2 antigenic 
signals seen in the macrophages and 
lymphocytes in the interfollicular region

Fig. 15.  Lymph nodes (IHC x400): Strong 
immunopositivity of PCV2 antigenic signals 
in the lymphocytes of the follicles in PPV 
positive case (arrow)
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reticuloendothelial cells (Fig. 16). Bronchial 
lymph nodes had positive signals of PPV in the 
cytoplasm of infiltrated macrophages, fewer 
lymphocytes and reticuloendothelial cells 
(Fig. 17). Spleen had positive immunolabelling 
mainly in the macrophages of the interfollicular 
areas and also noted in lymphocytes of cortex 
and paracortex areas. The PPV and PCV2 have 

Fig. 16.  Tonsils of the soft palate (IHC x100): Strong 
PPV positive signals in the cytoplasm of 
the macrophages, lymphocytes and few 
reticuloendothelial cells throughout the 
tonsils

Fig. 17.  Bronchial lymph nodes (IHC x200): Strong 
positive signals of PPV in the cytoplasm 
of infiltrated mononuclear cells and fewer 
lymphocytes (arrows)

Fig. 18.  Neighbour joining tree constructed from NS1 gene sequences showing the phylogenetic relationships 
between PPV isolates. (Horizontal branch lengths are drawn to scale)

high predilection to lymphoid cells such as 
macrophages and lymphocytes (Harding and 
Molitor, 1988). Positive PCV2 antigen could 
be demonstrated in follicular region of cortex 
and paracortex with a few reticuloendothelial 
cells in the lymph nodes. Spleen showed 
strong antigenic signals in the cytoplasm of the 
macrophages and some lymphocytes in the 
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interfollicular region. The IHC results of PCV2 
antigen were in agreement with the findings 
by Sairam et al. (2019). PPV positive antigenic 
signals were seen in the cytoplasm of infiltrated 
macrophages mainly in the interfollicular areas 
in the lymph nodes, lungs and spleen. Strong 
immunolabelling were observed in the interstitial 
macrophages. The results were in agreement 
with the findings by Kaur et al. (2016). Tonsils 
of the soft palate showed intense staining 
compared to other tissues such as spleen 
and lymph nodes which were similar with the 
findings of Kim and Chae (2004).

Analysis of NS1 gene sequences of PPV

 Further characterisation was done by 
BLAST analysis. In the phylogenetic studies 
of PPV, NS1 having a fragment of 265 bp was 
taken for analysis. PPV isolate (Porcine parvo 
virus, partial NS1 gene, 265 bp, Thrissur-
Kerala) was being sequenced during the 
study with the accession number MK783317 
showed close relationship with the isolate PPV 
Korean isolate T142 (KY994646) and PPV 
isolate of Indian (Pookode) (301/MIB/2015) 

followed by isolates of Korea (KC800643), 
China (KM268633). The other Indian isolates 
of PPV namely porcine parvovirus clone 
HSADL India (KJ183033) from Bhopal formed 
a separate clade in the phylogenetic tree (Figs. 
18 and 19). The PPV sequence isolated from 
the present study was closely related to the 
Indian and foreign isolates. Analysis of the 
sequence was done based on NS1 gene which 
was considered as a conserved region (Hao et 
al., 2011). Phylogenetic analysis of sequence 
of PPV isolate showed close relationship with 
Korean T142 (KY994646) followed by Indian 
isolate (Pookode) (KX579944), Chinese 16 
WS (KM268633), Germany (AY684871) and 
Denmark (JX568153) isolates. More close 
relationship was shown towards the Korean 
strain than isolate of Pookode in this study. 
However, one of the published Indian isolates 
from HSADL, Bhopal, India (KJ183033) was 
slightly divergent and clustered in a separate 
branch in the phylogenetic tree. Therefore, 
close relationship of the sequence of PPV from 
this study with the Pookode isolate indicates 
the importance of circulation of isolate in 

Fig. 19.  BLAST analysis of nucleotide sequence of the NS1 gene of PPV 
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Kerala. Another route of entry of these isolates 
could be due to exotic pigs imported from other 
Asian and European countries for upgrading 
our native breeds. Nowadays, globalization in 
terms of interchange of animals and animal 
products was the prime factor for disseminating 
pathogens resulting in high risk of emergence 
of disease outbreaks (Cortey et al., 2012).

Establishment of PMWS

 The detection of PCV2 by PCR does 
not necessarily confirm the diagnosis of PMWS 
(Chae, 2004). The confirmation was performed 
using (i) the presence of compatible respiratory 
and digestive clinical signs (ii) characteristic 
histopathology lesions and (iii) demonstration 
of PCV2 antigen within the lesion. So, the cases 
were properly examined to meet the above-
mentioned requirements. The clinical signs of 
PMWS were characterized by wasting, pallor 
of the skin, respiratory distress occasionally 
jaundice and diarrhoea were in agreement 
with the present study (Segales, 2012). Two 
main characteristic histopathological lesions 
of PMWS were granulomatous inflammation in 
lymphoid organs and intracytoplasmic botryoid 
inclusion bodies seen in the cytoplasm of 
the histiocytes. In this study, granulomatous 
inflammation was observed in the spleen but 
not the inclusion bodies. Kim et al. (2002) 
reported only 27.8 per cent of the PMWS 
cases examined had intracytoplasmic inclusion 
bodies, but 97 per cent of PMWS cases had 
granulomatous inflammation. Therefore, a 
more useful indicator in diagnosing PMWS is 
granulomatous inflammation. Finally, PCV2 
antigen was demonstrated in the lesions using 
IHC in this study. IHC for the detection of PCV2 
antigen in formalin fixed paraffin embedded 
tissue was considered more sensitive than in situ 
hybridization (McNeilly et al., 1999). Therefore, 
the case of concurrent infection of PCV2 with 
PPV was confirmed as PMWS. Many co-factors 
known to increase the severity of PMWS have 

been identified. PPV is one of the important 
co-factors identified in association with PMWS 
noted much earlier by Ellis et al. (1999). 
Usually, PPV have been known in association 
with PCV2 reproductive disease (PCV2-RD) 
causing abortion and mummification (Sharma 
and Saikumar, 2010). But the present study 
demonstrated PPV related with PCV-SD 
resulting in mainly respiratory and digestive 
signs.

conclusion

 The PCV2 is an emerging swine 
pathogen causing immense economic losses in 
the global swine industry. Since the association 
with PMWS established in 1996, many studies 
have reported the pathological nature of this 
disease and its economic impact on commercial 
swine production. Since, many studies are now 
focussed on PMWS and its association with 
the other pathogens, this study has first time 
unveiled the association of PMWS with PPV in 
Kerala state. The limitation of the present study 
was that only one case fulfilled the requirement 
of PMWS and screening for secondary bacterial 
infection was not employed. Therefore, future 
studies should be directed to focus on screening 
for larger number of samples for PMWS and its 
interaction with different pathogens.

acknowledgements

 The technical support of Kerala 
Veterinary and Animal Sciences University, 
Pookode, Kerala, India, and financial assistance 
from the Government of Kerala through the 
state plan fund (RSP/ 16-17/VII-5) are greatly 
acknowledged. We gratefully thank the Dean, 
College of Veterinary and Animal Sciences, 
Mannuthy, Thrissur, Kerala for providing 
facilities to carry out this research work.

Conflict of interest

 The authors have no conflict of 
interest.

1031

 J
. V

et
. A

ni
m

. S
ci

. 2
02

3.
 5

4 
(4

) :
10

22
-1

03
4

__________________________________________________________________________ Sairam et al.



References

Aishwarya, J., Ravishankar, C., Rajasekhar, 
R., Sumod, K., Bhaskar, N., Shaji, S.,   
John, K. and Mini, M. 2016. First report of 
detection and molecular characterization 
of porcine parvovirus in domestic and 
wild pigs in Kerala, India. Virus Disease. 
27: 311-314.

Allan, G. M., Kennedy, S., McNeilly, F., Foster, J. 
C., Ellis, J. A., Krakowka, S. J., Meehan, 
B. M. and Adair, B. M. 1999. Experimental 
reproduction of severe wasting disease 
by co-infection of pigs with porcine 
circovirus and porcine parvovirus. J. 
Comp. Pathol. 121: 1-11.

Allan, G. M., McNeilly, F., Ellis, J., Krakowka, 
S., Meehan, B., McNair, I., Walker, I. 
and Kennedy, S. 2000. Experimental 
infection of colostrum deprived piglets 
with porcine circovirus 2 (PCV2) and 
porcine reproductive and respiratory 
syndrome virus (PRRSV) potentiates 
PCV2 replication. Arch. Virol. 145: 2421-
2429.

Bolt, D. M., Hani, H., Müller, E. and Waldvogel, 
A. S. 1997. Non-suppurative myocarditis 
in piglets associated with porcine 
parvovirus infection. J. Comp. Pathol. 
117: 107-118.

Chae, C. 2004. Postweaning multisystemic 
wasting syndrome: a review of aetiology, 
diagnosis and pathology. Vet. J. 168: 41-
49.

Clark, E.G. 1997. Post-weaning multisystemic 
wasting syndrome. In Proc. American   
Association of Swine Practitioners. 28: 
499-501.

Cortey, M., Pileri, E., Segales, J.  and 
Kekarainen, T. 2012. Globalisation and 

global trade influence molecular viral 
population genetics of Torque Teno Sus 
Viruses 1 and 2 in pigs. Vet. Microbiol. 
156: 81-87.

Drolet, R., Ribotta, M., Higgins, R., DAllaire, 
S., Larochelle, R. and Magar, R. 2002. 
Infectious agents identified in pigs 
with multifocal interstitial nephritis at 
slaughter. Vet. Rec. 150: 139-143.

Ellis, J., Hassard, L., Clark, E., Harding, J., 
Allan, G., Willson, P., Strokappe, J., 
Martin, K., McNeilly, F., Meehan, B. and 
Todd, D. 1998. Isolation of circovirus 
from lesions of pigs with postweaning 
multisystemic wasting syndrome.  Can. 
Vet. J. 39: 44.

Ellis, J., Krakowka, S., Lairmore, M., Haines, 
D., Bratanich, A., Clark, E., Allan, G., 
Konoby, C., Hassard, L., Meehan, B., 
Martin, K., Harding, J., Kennedy, S. 
and McNeilly, F. 1999. Reproduction of 
lesions of postweaning multisystemic 
wasting syndrome in gnotobiotic piglets. 
J. Vet. Diagn. Invest. 11: 3-14.

Felsenstein, J. 1985. Confidence limits on 
phylogenies: An approach using the 
bootstrap. Evolution. 39: 783-791.

Ha, Y., Lee, Y.H., Ahn, K.K., Kim, B. and Chae, 
C. 2008. Reproduction of postweaning 
multisystemic wasting syndrome in pigs 
by prenatal porcine circovirus 2 infection 
and postnatal porcine parvovirus 
infection or immunostimulation. Vet. 
Pathol. 45: 842-848.

Hao, X., Lu, Z., Sun, P., Fu, Y., Cao, Y., Li, P., Bai, 
X., Bao, H., Xie, B., Chen, Y. and Li, D.  
(2011). Phylogenetic analysis of porcine 
parvoviruses from swine samples in 
China. Virol. J. 8: 320-324.

Pathological investigation and viral antigen distribution of postweaning multisystemic wasting syndrome in 
association with porcine parvovirus infection of pigs in Kerala, Southern India1032

 J
. V

et
. A

ni
m

. S
ci

. 2
02

3.
 5

4 
(4

) :
10

22
-1

03
4



Harding, M. J. and Molitor, T. W. 1988. Porcine 
parvovirus: replication in and inhibition 
of selected cellular functions of swine 
alveolar macrophages and peripheral 
blood lymphocytes. Arch. Virol. 101: 
105-117.

Johnson, R.H. and Collings, D.F. 1969. 
Experimental infection of piglets and 
pregnant gilts with a parvovirus. Vet. 
Rec. 85:446-447.

Jukes, T. H. and Cantor, C. R. (1969). Evolution 
of protein molecules. In: Munro, H.N. 
7th ed. Mammalian Protein Metabolism. 
Academic Press, New York. pp. 21-132.

Kaur, A., Mahajan, V., Leishangthem, G.D., 
Singh, N.D., Bhat, P., Banga, H.S. and 
Filia, G. (2016). Epidemiological and 
immunopathological studies on porcine 
parvovirus infection in Punjab. Vet. 
World. 9: 827.

Keerthana, J., Abraham, M. J., Krithiga, K., Priya, 
P. M and Nair, D. 2017. Pathological and 
immunopathological studies on naturally 
infected cases of porcine circovirus 2 in 
Kerala. Int J. Livest. Res. 12: 81-86.

Kennedy, S., Moffett, D., McNeilly, F., Meehan, 
B., Ellis, J., Krakowka, S. and, Allan, 
G.M., 2000. Reproduction of lesions 
of postweaning multisystemic wasting 
syndrome by infection of conventional 
pigs with porcine circovirus type 2 
alone or in combination with porcine 
parvovirus. J. Comp. Pathol. 122: 9-24.

Kim, J., and Chae, C. 2004. A comparison of virus 
isolation, polymerase chain reaction, 
immunohistochemistry, and in situ 
hybridization for the detection of porcine 
circovirus 2 and porcine parvovirus in 
experimentally and naturally coinfected 
pigs. J. Vet. Diag. Invest. 16: 45-50

Kim, J., Chung, H.K., Jung, T., Cho, W.S., Choi, 
C., and Chai, C. 2002. Postweaning 
multisystemic wasting syndrome of pigs 
in Korea: prevalence, microscopic lesions 
and coexisting microorganisms. J. Vet. 
Med. Sci. 64: 57-62.

Kimura, M. 1980. A simple method for 
estimating evolutionary rate of base 
substitutions through comparative 
studies of nucleotide sequences. Mol. 
Biol. Evol. 16: 111-120.

Kumar, G. S. 2008. Porcine circovirus-2 
associated diseases. Indian. J. Vet. 
Pathol. 32: 135-142.

Kumar, S., Stecher, G. and Tamura, K. 2016. 
MEGA7: molecular evolutionary genetics 
analysis version 7.0 for bigger datasets. 
Mol Biol Evol. 33: 1870-1874.

Liu, J.K., Wei, C.H., Yang, X.Y. and Dai, A.L. 
2015. Simultaneous detection and 
differentiation of porcine circovirus 
type 2, type 2 porcine reproductive and 
respiratory syndrome virus, porcine 
parvovirus and pseudorabies virus in 
pigs with PMWS by multiplex PCR. Vet. 
arhiv. 85: 511-521.

McNeilly, F., Kennedy, S., Moffett, D., Meehan, 
B.M., Foster, J.C., Clarke, E.G., Ellis, 
J.A., Haines, D.M., Adair, B.M. and 
Allan, G.M. 1999. A comparison of in situ 
hybridization and immunohistochemistry 
for the detection of a new porcine 
circovirus in formalin-fixed tissues from 
pigs with post-weaning multisystemic 
wasting syndrome (PMWS).  J. Virol. 80: 
123-128.

Opriessnig, T., Thacker, E.L., Yu, S., Fenaux, 
M., Meng, X.J.  and Halbur, P.G. 
2004. Experimental reproduction of 

1033

 J
. V

et
. A

ni
m

. S
ci

. 2
02

3.
 5

4 
(4

) :
10

22
-1

03
4

__________________________________________________________________________ Sairam et al.



postweaning multisystemic wasting 
syndrome in pigs by dual infection 
with Mycoplasma hyopneumoniae and 
porcine circovirus type 2. Vet. Pathol. 6: 
624-640.

Ouyang, T., Zhang, X., Liu, X. and Ren, L. 
2019. Co-infection of swine with porcine 
circovirus type 2 and other swine viruses. 
Viruses. 11: 185.

Pescador, C.A., Bandarra, P.M., Castro, L.A., 
Antoniassi, N.A., Ravazzolo, A.P., 
Sonne, L., Cruz, C.E.  and Driemeier, 
D. 2007. Co-infection by porcine 
circovirus type 2 and porcine parvovirus 
in aborted fetuses and stillborn piglets 
in southern Brazil. Pesquisa Veterinária 
Brasileira. 27: 425-429.

Sairam, R., Krishna, B. D., Krithiga, K., Sajitha, 
I. S., Priya, P. M., Ravishankar, C. and 
Abraham, M. J. 2019. Molecular and 
pathological studies of post-weaning 
multi- systemic wasting syndrome 
among piglets in Kerala, India. Explor. 
Anim. Med. Res. 9:137-144.

Saitou, N. and Nei, M. 1987. The neighbour-
joining method: A new method for 
reconstructing phylogenetic trees. Mol. 
Biol. Evol. 4: 406-425.

Segales, J. 2012. Porcine circovirus type 2 (PCV2) 
infections: clinical signs, pathology and 
laboratory diagnosis. Virus. Res. 164: 
10-19.

Sharma, R. and Saikumar, G. 2010. Porcine 
parvovirus-and porcine circovirus 
2-associated reproductive failure and 
neonatal mortality in crossbred Indian 
pigs. Trop. Anim. Health. Prod. 42: 515-
522.

Suvarna, Layton, Bancroft, J. D. and Gamble, M. 

2018. Theory and practice of histological 
techniques. (8th Ed.). Elsevier health 
sciences, 573p.

Tamura, K. 1992. Estimation of the number of 
nucleotide substitutions when there are 
strong transition-transversion and G+C 
content biases. Mol. Biol. Evol. 9: 678–
687.

Vijayaragavan, S., Balakrishnan-Nair, D.K., 
Sajitha, I. S., Priya, P. M., Anoopraj, R., 
Devi, S.S., Ravishankar, C., Divya, C. 
and Saifudeen, S.M. 2021. Myeloid to 
Erythroid (M: E) ratio in the evaluation 
of bone marrow cytology of Porcine 
Circovirus type 2 affected pigs. J. Vet. 
Anim. Sci. 52(3): 250 – 256.

Woods, A.L., McDowell, E.J., Holtkamp, D., 
Pogranichniy, R.M. and Gillespie, T.G. 
2009. Reproductive failure associated 
with Porcine parvovirus and possible 
Porcine circovirus type 2 co-infection. 
J.Swine. Health. Prod.17: 210-216.

Pathological investigation and viral antigen distribution of postweaning multisystemic wasting syndrome in 
association with porcine parvovirus infection of pigs in Kerala, Southern India1034

 J
. V

et
. A

ni
m

. S
ci

. 2
02

3.
 5

4 
(4

) :
10

22
-1

03
4


