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Abstract 

Introduction: Porcine parainfluenza virus 1 (PPIV1) and swine orthopneumovirus (SOV) are recently discovered respiratory 

viruses of swine. Data on their geographic distribution and genetic diversity are scarce. This study investigated the presence of 

these viruses in diseased pigs on commercial farms in Serbia and also the phylogenetic characteristics of the detected strains. 

Material and Methods: A total of 131 samples were collected during passive surveillance of swine influenza in pigs from  

10 commercial farms. All samples were screened by real-time RT-PCR for swine influenza A virus (SIV) and PPIV1, and 77 of 

them were tested for SOV. Positive samples were further subjected to conventional RT-PCR targeting the PPIV1 F and SOV G 

genes, sequencing, and phylogenetic analysis. Results: Farm-level prevalence was 60% for SIV, 50% for PPIV1 and 10% for SOV. 

Overall, 27 samples were positive for SIV, 18 for PPIV1 and 2 for SOV. Co-circulation of two viruses was evident on four farms, 

and on one farm, all the tested viruses were detected. Phylogenetically, three Serbian PPIV1 strains clustered together with 

European and Asian strains, and SOV strains grouped with swine, murine and canine pneumoviruses, confirming their close 

evolutionary relationship. Conclusion: This is the first evidence of PPIV1 and SOV circulation on pig farms in Serbia. Even 

established phylogenetic patterns are consistent with those reported in Europe, expanded surveillance is needed to better define the 

prevalence and genetic diversity of these emerging respiratory viruses in Serbian pig populations. 
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Introduction 

Respirovirus suis, also known as porcine 

parainfluenza virus 1 (PPIV1), is a recently 

characterised virus that, according to the International 

Committee on Taxonomy of Viruses belongs to the 

subfamily Feraresvirinae and family Paramyxoviridae. 

The genome of this virus is single-stranded, negative-

sense RNA composed of six open reading frames, which 

encode six viral proteins: nucleocapsid, phosphoprotein, 

matrix, fusion (F), haemagglutinin-neuraminidase (HN), 

and large polymerase protein (35). As they are located 

on the surface of the virus and possess neutralising 

epitopes important for virus attachment and penetration 

into the cell, the HN and F proteins are commonly used 

for evolutionary analyses (6, 21, 33). The first detection 

and characterisation of PPIV1 was performed in Hong 

Kong in 2013, within a retrospective study of samples 

from pig carcasses collected from slaughterhouses 

between 2008 and 2012 (15). Its widespread distribution 

was later confirmed in other parts of Asia (12, 38), as 

well as in pig populations in the USA (21), Chile (1) and 

several European countries (6, 10, 19, 29, 31, 37). Based 

on the full genome sequences of the fusion (F) gene, two 

distinct clades diverge: one encompassing the majority 

of European strains, and another representing American 

strains (33). According to available data, Chinese strains 

diverge into both clades (33, 38). This virus was 
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confirmed in healthy pigs (6), pigs with mild respiratory 

signs, and pigs infected with other respiratory pathogens 

(29, 31, 36), but its influence on the pathogenesis of 

respiratory disorders was not fully understood. 

Experimental studies revealed its replication in the 

epithelium of the upper and lower parts of the respiratory 

tract (9), and its inhibitory effect on the production of 

interferon β and interferon-stimulating genes (16). 

Swine orthopneumovirus (SOV) is a rarely detected 

swine virus that belongs to the Orthopneumovirus genus 

within the family Pneumoviridae (26). This virus is 

enveloped and possesses a negative-sense, 

unsegmented, single-stranded RNA genome consisting 

of 10 genes (26). Circulation of this virus in the swine 

population was first revealed in 1998 by the detection of 

swine antibodies reactive against bovine respiratory 

syncytial virus, another virus from the same genus (2). 

The first confirmation in pigs was achieved by 

metagenomic sequencing of feral swine nasal swabs in 

the USA, with the novel virus showing 90% nucleotide 

identity with canine pneumovirus (9). Serological 

investigation of antibodies against the nucleoprotein of 

SOV in French pigs revealed positivity among all tested 

herds, irrespective of the status of other respiratory 

pathogens (25). Circulation of the virus in nursery pigs 

with respiratory signs was further confirmed in Spain 

and Portugal, with a prevalence of 33.8% at the 

individual level (19). Detection of this virus in swine 

with respiratory disorders was also confirmed  

in the Republic of Korea, with a 10% prevalence at the 

herd level (22). Although present in swine populations 

in many countries, its influence on the development of 

respiratory disease in this animal is still unknown. 

Respiratory diseases of infectious aetiology 

represent a significant economic issue in pig farming, 

and the combinations of pathogens responsible for their 

development are highly variable (19). In the past, 

research into the infectious causes of respiratory diseases 

in pigs in Serbia was mostly based on identifying common 

respiratory pathogens, such as Pasteurella multocida, 

Actinobacillus pleuropneumoniae, porcine circovirus 2, 

porcine reproductive and respiratory syndrome virus, 

swine influenza A virus (SIV) and Aujeszky’s disease 

virus (24, 28). In recent years, attention has also been 

given to respiratory pathogens that usually cause mild 

clinical outcomes (porcine circovirus 3, porcine 

respiratory coronavirus and porcine cytomegalovirus), 

but which can influence the aetiopathogenesis of porcine 

respiratory disease complex (PRDC) (7, 11, 27). Despite 

this and their documented worldwide presence in pig 

populations, research on PPIV1 and SOV in Serbia, to 

the best of our knowledge, has not yet been conducted. 

Therefore, the objectives of this research were to explore 

the presence of these two viruses in the Serbian swine 

population, determine the farm-level prevalence based 

on examination of samples originating from clinically 

diseased pigs and perform phylogenetic analysis of the 

detected strains. 

Material and Methods 

Sampling and sample preparation. Samples for 

detection of PPIV1 and SOV were collected from pigs 

raised on commercial farms located in northern Serbia 

(Fig. 1). Four out of ten investigated farms were owned 

by the same company (Table 1). Sampling was 

conducted between October 2022 and November 2024 

during surveillance of swine influenza. During farm 

visits, oral fluid samples (OF), nasal swabs (NS), and 

organ (lungs and lymph nodes) samples (OS) were 

collected from sick and dead nursery and fattening pigs. 

In total, 131 samples were collected (Table 1). 

Before testing, OF were centrifuged at 6,000 x g for 

10 min to remove debris and other contaminants. Nasal 

swabs were soaked in 1 mL of PBS, and OS were 

homogenised with PBS in a 1 : 10 (w/v) ratio. After 

vigorous vortexing, all samples were centrifuged  

at 6,000 x g for 1 min. The resulting supernatants were 

collected and used for viral RNA extraction and 

subsequent PCR reactions. 

Extraction of RNA and PCR pathogen 

detection. Extraction of viral RNA was performed using 

the IndiSpin Pathogen Kit (Indical Bioscience, Leipzig, 

Germany). Extracted RNA was eluted with 100 L of 

Buffer AVE. As part of routine diagnostic examination, 

by requests of the farms’ owners, all samples were 

initially tested for SIV. Additionally, for research 

purposes, all samples were screened for PPIV1, and  

a subset of 77 samples (28 OF, 45 NS and 4 OS) was 

tested for SOV. 

Swine influenza A virus (SIV) was detected using 

previously published primers and probes targeting  

a conserved region of the M (matrix) gene (4, 32). 

Screening for PPIV1 was performed using a real-time  

RT-PCR protocol for detection of the HN (haemagglutinin-

neuraminidase) gene (17). Detection of SOV was carried 

out using an real-time RT-PCR protocol targeting the  

M2 gene (22). Samples with a cycle threshold (Ct) below 

40.0 were considered positive. All PPIV1-positive 

samples were further analysed by a gel-based RT-PCR 

using primers targeting the F (fusion) gene as described 

by Park et al. (23), which match portions of the GenBank 

reference sequence MT995732 (Table 2). All SOV-

positive samples were additionally analysed using a gel-

based RT-PCR with primers targeting the  

G (glycoprotein) gene (22). Further characterisation of 

detected SIVs was beyond the scope of this study. 

Gene sequencing and phylogenetic analysis. The 

amplicons obtained by conventional RT-PCR were purified 

and subjected to Sanger sequencing at the Faculty of 

Biology, University of Belgrade, Serbia. The obtained 

sequences were initially analysed using the Basic Local 

Alignment Search Tool (BLAST) against the National 

Center for Biotechnology Information (NCBI) database to 

confirm their viral identity. The list of sequences retrieved 

from NCBI was used for evolutionary analysis 

(Supplementary Tables S1 and S2). Sequence editing, 

alignment, and phylogenetic and evolutionary analyses 
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of the PPIV1 F gene and SOV G gene were performed 

using MEGA version 7.0 software (13). Each genome 

segment was aligned separately using the ClustalW 

alignment tool (34). Phylogenetic trees were constructed 

using the maximum-likelihood method. Based on the 

corrected Akaike information criterion, the General 

Time-Reversible + gamma distribution + proportion of 

invariant sites model of evolution was selected and 

bootstrap analysis was performed with 1,000 replicates 

(20). 

Statistical analysis. To assess association between 

sample type and the obtained results, Fisher’s exact test 

was used (30).

 

 
Fig. 1. Geographical distribution of the commercial swine farms included in the study for detection of porcine parainfluenza virus 1,  

swine orthopneumovirus and swine influenza A virus. Farms are indicated by orange dots and capital letters (A–J) 

 

 
Table 1. Characteristics of the investigated farms and number of collected pig samples per farm. The presence of porcine parainfluenza virus 1, 

swine orthopneumovirus and swine influenza A virus was assessed 
 

Farm Production type Pig age group OF NS OS 

A* multiplication farm nursery 0 27 0 

B fattening farm nursery 1 0 1 

C fattening farm nursery 0 0 1 

D farrow-to-finish farm nursery 1 10 0 

E* fattening farm nursery 7 35 0 

F fattening farm nursery 1 0 0 

G* farrow-to-finish farm nursery 5 0 0 

H fattening farm fattener 0 15 0 

I* farrow-to-finish farm nursery 11 12 2 

J multiplication farm nursery 2 0 0 

Total sampled   28 99 4 

* – farms belonging to the same owner; OF – oral fluid samples; NS – nasal swab samples; OS – organ samples comprising lung and lymph node 
tissue 

 

 

Table 2. Porcine parainfluenza virus 1 F gene primer sequences 

 

Primer Reference sequence nucleotides Primer sequence 

F-For1 4801–4826 ACTTAGGGTACAAGTTATCCAAAAAA 

F-For2 5537–5561 GAGAGAAGAGCTTAACATTACAGGC 

F-Rev1 5611–5636 TCATAAATATCTGTYTTCCCGAGATT 

F-Rev2 6581–6603 TCGTGCACCCTAAGTTTTCTTTA 

For – forward; Rev – reverse
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Results 

Real-time RT-PCR results. The real-time  

RT-PCR confirmed the circulation of at least one of the 

tested viruses on six farms (Fig. 2, Table 3).  

Co-circulation of two viruses was detected on four 

farms, while all investigated viruses were confirmed on 

one farm (Fig. 2, Table 3). In 3 out of 131 tested samples, 

SIV/PPIV1 (farm E), SIV/SOV and PPIV/SOV (farm I) 

coinfections were evident. None of the targeted viruses 

was detected on four farms (Fig. 2, Table 3). The 

majority of positive samples were OF (Table 3). 

Analysis of the collected samples confirmed the 

circulation of SIV on six of the ten farms (60%). Overall, 

SIV was detected in 27 samples, comprising 15 OF and 

12 NS (Table 3). Porcine parainfluenza virus 1 was 

detected on five farms, corresponding to a farm-level 

prevalence of 50%. On two of these farms, PPIV1 was 

identified in both OF and NS, whereas on the remaining 

farms the virus was detected exclusively in OF. Overall, 

18 out of 131 tested samples were positive for PPIV1 

(13.7%). Out of 28 OF, the virus was detected in 12 

(42.9%), and out of 99 NS the virus was confirmed in 6 

(6.1%) (Table 3). No virus was detected in OS. Cycle 

threshold values for PPIV1 ranged from 30.6 to 39.4. In 

3 out of 42 tested samples originating from farm E, the 

genomes of both SIV and PPIV1 were detected, with 

lower Ct values for SIV (between 25.2 and 28.6). Using 

the described rRT-PCR protocol for SOV detection, two 

samples from farm I gave a positive result (Table 3), 

corresponding to a farm-level prevalence of 10%. One 

of these samples was also positive for SIV, while the 

other was positive for PPIV1. There was no statistically 

significant association between OF and NS samples for 

PPIV1 (P-value = 0.68) or SOV (P-value = 0.22). 

Gel-based RT-PCR results. A conventional  

RT-PCR targeting the PPIV1 F gene was performed on 

18 real-time RT-PCR-positive samples. Three nasal 

swab samples from the two farms (E and I) tested 

positive (Table 4). Additionally, two samples from farm 

I were positive for SOV (Table 4). All five PCR products 

obtained were subsequently subjected to Sanger 

sequencing. 

Results of sequencing and phylogenetic analysis 

of PPIV1. Sanger sequencing yielded only partial 

sequences of the PPIV1 F gene (lengths between 894 

and 1020 base pairs). Comparison with sequences 

available in the NCBI database revealed that these three 

Serbian sequences shared the highest nucleotide identity 

(of approximately 95%) with PPIV1 strains from Italy 

(OR775101, sampled in 2023) and China (OK044758, 

sampled in 2019). The sequences have been deposited in 

GenBank under accession Nos PX098464, PX098465 

and PX098466 (Table 4). Phylogenetic analysis showed 

that Serbian PPIV1 strains formed a distinct, well-

supported subclade (bootstrap value 99%) within  

clade 1, which also includes isolates from Europe and 

Asia. A separate clade comprised PPIV1 sequences from 

American and Asian strains (Fig. 3). 

Results of sequencing and phylogenetic analysis 

of SOV. Sanger sequencing yielded only partial 

sequences of the G gene (619 and 632 base pairs). 

Comparison with sequences available in the NCBI 

database revealed the highest nucleotide identity (of 

approximately 92%) with a strain detected in the USA in 

2012 (KX364383). The sequences have been deposited 

in GenBank under accession Nos PX098333 and 

PX098334 (Table 4). Alignment with other available 

SOV G gene sequences showed no insertions or 

deletions in the Serbian sequences. Phylogenetic 

analysis including pneumoviruses from swine and other 

host species revealed that the Serbian SOV strains 

clustered within a well-supported subclade of a larger 

clade containing swine, murine and canine strains, 

whereas human and bovine pneumoviruses formed  

an outgroup (Fig. 4). 
 

 
 

Fig. 2. Distribution of farms with overall results of detection of porcine parainfluenza virus 1, swine orthopneumovirus and swine influenza A virus 

represented by different colours: blue pin – farm with one detected virus (farm A); pink pins – farms with two viruses detected (farms D, E, 
G and J); yellow pin – farm with three viruses detected (farm I); orange pins – farms where none of the targeted viruses was present in the 

tested samples (B, C, F and H) 
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Table 3. Results of real-time RT-PCR for detection of swine influenza A virus (SIV), porcine parainfluenza virus 1 (PPIV1) and swine 

orthopneumovirus (SOV) per farm 
 

Farm SIV T 
SIV 

OS⁺ 

SIV 

OF⁺ 

SIV 

NS⁺ 

PPIV1 

T 

PPIV1 

OS⁺ 

PPIV1 

OF⁺ 

PPIV1 

NS⁺ 
SOV T 

SOV 

OS⁺ 

SOV 

OF⁺ 

SOV 

NS⁺ 

A 27 0 0 2 27 0 0 0 15 0 0 0 
B 2 0 0 0 2 0 0 0 2 0 0 0 

C 1 0 0 0 1 0 0 0 1 0 0 0 

D 11 0 1 0 11 0 1 0 11 0 0 0 
E 42 0 2 7 42 0 3 5 12 0 0 0 

F 1 0 0 0 1 0 0 0 1 0 0 0 

G 5 0 3 0 5 0 3 0 5 0 0 0 
H 15 0 0 0 15 0 0 0 10 0 0 0 

I 25 0 8 3 25 0 4 1 18 0 0 2 

J 2 0 1 0 2 0 1 0 2 0 0 0 
Total 131 0 15 12 131 0 12 6 77 0 0 2 

T – tested; OS⁺ – positive organ samples comprising pig lung and lymph node tissue; OF⁺ – positive pig oral fluid samples; NS⁺ – positive pig nasal 

swabs 

 
 

Table 4. Results of gel-based RT-PCR for porcine parainfluenza virus 1 (PPIV1) and swine orthopneumovirus (SOV) per pig farm 

 

Farm PPIV1 OF T PPIV1 OF P PPIV1 NS T PPIV1 NS P Accession No. SOV NS T SOV NS P Accession No. 

D 1 0 0 0  0 0  

E 3 0 5 2 PX098464, PX098466 0 0  

G 3 0 0 0  0 0  

I 4 0 1 1 PX098465 2 2 PX098333, PX098334 

J 1 0 0 0  0 0  

Total 12 0 6 3  2 2  

OF – oral fluid samples; NS – nasal swab samples; T – tested, P – positive 
 

 

 
 

Fig. 3. Phylogenetic analysis of the partial F gene of 38 nucleotide sequences of porcine parainfluenza virus 1 (PPIV1). Only bootstrap values 
higher than 75 are shown, and these are at nodes. All positions containing gaps and missing data were eliminated. Red dot – sequence 

obtained in this research; two-letter, six-digit code – GenBank accession number; slash-separated fields – geographic origin/isolate 

identifier/year 
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Fig. 4. Phylogenetic analysis of the partial G gene of swine orthopneumovirus (SOV). Only bootstrap values higher than 75 are shown, and these 
are at nodes. All positions containing gaps and missing data were eliminated. Red dot – sequence obtained in this research; two-letter,  

six-digit code – GenBank accession number; slash-separated fields – Orthopneumovirus species/geographic origin/isolate identifier/year 

 

 

Discussion 

The commercial pig farms included in this study are 

characterised by a high density of pigs, a short 

production cycle, introduction of live animals from other 

farms and multiple turnovers per year. Investigation of 

biosecurity practices on most of these farms revealed the 

need for improvements in their implementation (14). All 

these factors can increase the risk of the introduction and 

spread of infectious agents in a susceptible population. 

Noting evidence of the circulation of novel viral 

pathogens across the European pig sector,  

an investigation of PPIV1 and SOV on Serbian 

commercial pig farms was conducted. Swine influenza 

A virus is a pathogen commonly present on pig farms 

worldwide (5), including in Serbia (18). Its circulation 

on commercial farms in Serbia, combined with 

infections caused by other respiratory pathogens (18, 

28), leads to a negative economic impact, which 

encourages farmers to report exacerbation of respiratory 

diseases and submit samples for testing. The results of 

SIV investigation confirm previous research, which 

found a high prevalence at the farm level (61.5%) (18). 

Based on the results of the OF and NS analyses, 

simultaneous circulation of SIV and PPIV1 was 

confirmed on four farms, while circulation of all three 

pathogens (SIV, PPIV1 and SOV) was confirmed on one 

farm. The presence of the new pathogens PPIV1 and 

SOV in SIV-infected populations has been documented 

in Germany, Spain and Chile (1, 8, 19), suggesting 

potential importance of these novel pathogens in PRDC 

pathogenesis. Confirmation of this condition is the 

finding of simultaneous infection with two pathogens 

(SIV+PPIV1, SIV+SOV or PPIV1+SOV) in three 

diseased animals from two farms. The detection of new 

respiratory viruses in sick pigs on Serbian farms 

increases the number of potential pathogen 

combinations that can be associated with disease (7, 11, 

18, 24, 27, 28) and improves understanding of which 

pathogens to consider during PRDC laboratory 

examination. 

The circulation of PPIV1 was confirmed on half of 

the tested farms. However, the study on three farms  

(B, C and F) was limited by very small sample sizes 

(fewer than five samples were tested) and may not fully 

reflect the epidemiological situation on these farms. In 

other European countries, the prevalence of PPIV1 at the 

farm level has been highly variable (3, 8, 10, 29, 31, 37), 

ranging from 18.8% in Denmark (3) to 76.7% in Poland 

(37). In our research, the viral genome was detected 

more frequently in OF than in NS. Similar results were 

reported by Stadejek et al. (33) and Park et al. (23). 

Our findings confirm the value of OF for disease 

screening, as positivity in this type of sample can be 

detected even beyond the period of infectivity in the 

animals. Nevertheless, since oral fluid consists of 

unequal quantities of saliva, respiratory secretions, food 

components, microbiome and various cellular 

components from an imprecise number of animals, and 

is often contaminated with environmental dirt and non-

target microorganisms, NS are more reliable samples for 

disease confirmation by molecular detection, 
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downstream sequencing and phylogenetic analysis. 

Even so, Fisher’s exact test showed neither sample type 

to have an advantage over the other in determining 

prevalence at the farm level. When comparing the results 

of the real-time RT-PCR and gel-based RT-PCR, 

disagreement was evident. This discordance may be 

related to the low viral loads in the positive samples  

(Ct ≥ 30) and the lower diagnostic sensitivity of the later 

test. 

The results of evolutionary analysis are consistent 

with previous findings on PPIV1 phylogeny, in which 

European and American strains were classified into two 

genetically distinct clades, while Chinese and other 

Asian isolates were distributed across both clades  

(31, 33, 38). The long branch lengths of Serbian strains 

indicate divergence from other previously characterised 

European strains. 

Two of the sequenced strains originated from pigs 

raised on a fattening farm, while one was from a pig 

raised on a farrow-to-finish farm; both farms were 

owned by the same proprietor. This suggests the 

possibility of pathogen transmission associated with the 

exchange of animals within the regular production 

workflow.  

Diagnostic examination for the presence of SOV 

revealed only two positive NS originating from nursery 

pigs from Farm I. Compared to other studies, the farm-

level detection rate is the same as in the Republic of 

Korea (10%) (22), but significantly lower than the rate 

in SIV-positive farms in Spain (44%) (19). Based on 

partial G gene sequences, Serbian SOV strains were 

placed in a clade with swine, canine and murine 

Orthopneumovirus strains, which correlates with 

previously observed characteristics of this virus (9). 

Although our results are consistent with previously 

published findings, further research is necessary to 

improve diagnostic capacities and to advance genetic 

and molecular characterisation of circulating strains. 

The presence of this virus in samples from sick pigs 

suggests a possible influence on disease pathogenesis. 

However, although it has been studied in several pig 

populations (South Korea, Spain, Germany, USA) (8, 9, 

19, 22), the role of this virus, either alone or in 

combination with other respiratory pathogens, in the 

development of respiratory disease in pigs has not yet 

been clarified. 

Conclusion 

This is the first report of the circulation of PPIV1 

and SOV on commercial pig farms in Serbia, as well as 

their presence in SIV-positive farms. Coinfections with 

SIV in nursery pigs on two farms suggest possible 

involvement of these viruses in the development of 

respiratory disease. Based on herd-level prevalence, we 

conclude that PPIV1 is a pathogen widely distributed on 

commercial pig farms in Serbia. Based on the partial  

F gene sequence, Serbian PPIV1 strains are grouped 

within clade 1, confirming their genetic relationship with 

previously characterised European strains. In contrast to 

PPIV1, SOV was detected on only one farm. Due to the 

limited availability of samples, further investigation is 

needed for more precise information regarding farm-

level prevalence. The first partial G gene sequences of 

the strains circulating on the positive farm confirm these 

strains’ affiliation to the clade of other 

orthopneumoviruses. Wider exploration of the genome 

is necessary for more detailed insight into the evolution, 

genetic diversity and epidemiological significance of 

this virus in Serbian pig populations. 

Conflict of Interests Statement: The authors declare 

that there is no conflict of interests regarding the 

publication of this article. 

 

Financial Disclosure Statement: The study was funded 

by the Serbian Ministry of Science, Technological 

Development and Innovation (Contract No. 451-03-

130/2025-03/200030). 

 

Animal Rights Statement: The samples used in the 

study were collected during passive surveillance of 

swine influenza on farms and at the request of the animal 

owners. The sampling was performed in accordance 

with the principles of good veterinary practice. No 

ethical committee approval was required for the 

manipulation of the animals. 

 

Acknowledgements: Special acknowledgements to  

Dr. Vesna Milićević from the Department of Virology 

of the Institute of Veterinary Medicine of Serbia for 

providing part of the samples used in this research. 

 

CRediT Authorship Contribution Statement: Jelena 

Maksimović Zorić: research concept and design, 

collection and assembly of data, data analysis and 

interpretation, writing the article, final approval of the 

article. Jelena Maletić: collection and assembly of data, 

critical revision of the article, final approval of the 

article. Dimitrije Glišić: critical revision of the article, 

final approval of the article. Vladimir Radosavljević: 

data analysis and interpretation, critical revision of the 

article, final approval of the article. Nemanja 

Zdravković: collection and assembly of data, final 

approval of the article. Nemanja Jezdimirović: 

research concept and design, critical revision of the 

article, final approval of the article. Branislav 

Kureljušić: research concept and design, collection and 

assembly of data, critical revision of the article, final 

approval of the article. 

References 

1. Agüero B., Mena J., Berrios F., Tapia R., Salinas C., Dutta J.,  

van Bakel H., Mor S.K., Brito B., Medina R.A., Neira V.: First 



 J. Maksimović Zorić et al./J Vet Res/70 (2026) 

 

report of porcine respirovirus 1 in South America. Vet Microbiol 

2020, 246, e108726, doi: 10.1016/j.vetmic.2020.108726. 

2. Allan G.M., McNeilly F., Walker I.W., Young J.A., Fee S., 

Douglas A.J., Adair B.M.: Serological evidence for pneumovirus 

infections in pigs. Vet Rec 1998, 142, 8–12, doi: 

10.1136/vr.142.1.8. 

3. Bedsted A.E., Goecke N.B., Hjulsager C.K., Ryt-Hansen P., 

Larsen K.C., Rasmussen T.B., Bøtner A., Larsen L.E.,  

Belsham G.J.: High-throughput screening for respiratory 

pathogens within pigs in Denmark; analysis of circulating porcine 

respiratory coronaviruses and their association with other 

pathogens. Virus Res 2024, 350, e199501, doi: 

10.1016/j.virusres.2024.199501. 

4. Brookes S.M., Núñez A., Choudhury B., Matrosovich M.,  

Essen S.C., Clifford D., Slomka M.J., Kuntz-Simon G.,  

Garcon F., Nash B., Hanna A., Heegaard P.M., Quéguiner S., 

Chiapponi C., Bublot M., Garcia J.M., Gardner R., Foni E., 

Loeffen W., Larsen L., Van Reeth K., Banks J., Irvine R.M., 

Brown I.H.: Replication, pathogenesis and transmission of 

pandemic (H1N1) 2009 virus in non-immune pigs. PLoS One 

2010, 5, e9068, doi: 10.1371/journal.pone.0009068. 

5. Chauhan R.P., Gordon M.L.: A systematic review analyzing the 

prevalence and circulation of influenza viruses in swine 

population worldwide. Pathogens 2020, 9, e355, doi: 

10.3390/pathogens9050355. 

6. Dénes L., Cságola A., Schönhardt K., Halas M., Solymosi N., 

Balka G.: First report of porcine parainfluenza virus 1 (species 

Porcine respirovirus 1) in Europe. Transbound Emerg Dis 2021, 

68, 1731–1735, doi: 10.1111/tbed.13869. 

7. Glišić D., Veljović Lj., Maksimović Zorić J., Kureljušić B., 

Ninković M., Milovanović B., Milićević V.: Seroprevalence of 

porcine respiratory coronavirus and transmissible gastroenteritis 

virus infections on commercial pig farms in central Serbia. Arch 

Vet Med 2022, 15, 93–101, doi: 10.46784/eavm.v15i1.300. 

8. Graaf-Rau A., Hennig C., Lillie-Jaschniski K., Koechling M., 

Stadler J., Boehmer J., Ripp U., Pohlmann A., Schwarz B.A.,  

Beer M., Harder T.: Emergence of swine influenza A virus, 

porcine respirovirus 1 and swine orthopneumovirus in porcine 

respiratory disease in Germany. Emerg Microbes Infect 2023, 12, 

e2239938, doi: 10.1080/22221751.2023.2239938. 

9. Hause B.M., Padmanabhan A., Pedersen K., Gidlewski T.: Feral 

swine virome is dominated by single-stranded DNA viruses and 

contains a novel Orthopneumovirus which circulates both in feral 

and domestic swine. J Gen Virol 2016, 97, 2090–2095, doi: 

10.1099/jgv.0.000554. 

10. Igriczi B., Dénes L., Czétényi A., Révész T., Somogyi Z.,  

Balka G.: Prevalence estimation and genetic characterization of 

porcine parainfluenza virus 1 (PPIV-1) in Hungary and the first 

report of the virus in Slovakia. Transbound Emerg Dis 2024, 2024, 

e5534854, doi: 10.1155/2024/5534854. 

11. Jezdimirović N., Kureljušić B., Savić B., Milovanović B.,  

Glišić D., Maksimović Zorić J., Milićević V.: Prva molekularna 

detekcija citomegalovirusa svinja u Srbiji (First molecular 

detection of porcine cytomegalovirus in Serbia – in Serbian). 

Proceedings of the 34th Conference of Serbian Veterinarians,  

7–10 September 2023, Zlatibor, Serbia. 

12. Kim J.-M., Kim H.-R., Jeon G.-T., Baek J.-S., Kwon O.-D.,  

Park C.-K.: Molecular detection of porcine parainfluenza viruses 

1 and 5 using a newly developed duplex real-time RT-PCR in 

South Korea. Animals 2023, 13, 598, doi: 10.3390/ani13040598. 

13. Kumar S., Stecher G., Tamura K.: MEGA7: Molecular 

Evolutionary Genetics Analysis version 7.0 for bigger datasets. 

Mol Biol Evol 2016, 33, 1870–1874, doi: 

10.1093/molbev/msw054. 

14. Kureljušić B., Maletić J., Savić B., Milovanović B., Ninković M., 

Jezdimirović N., Prodanov-Radulović J.: Evaluating biosecurity 

on selected commercial pig farms in Serbia. Mac Vet Rev 2024, 

47, 141–149, doi: 10.2478/macvetrev-2024-0025. 

15. Lau S.K.P., Woo P.C.Y., Wu Y., Wong A.Y.P., Wong B.H.L., 

Lau C.C.Y., Fan R.Y.Y., Cai J.P., Tsoi H.W., Chan K.H.,  

Yuen K.Y.: Identification and characterization of a novel 

paramyxovirus, porcine parainfluenza virus 1, from deceased 

pigs. J Gen Virol 2013, 94, 2184–2190, doi: 

10.1099/vir.0.052985-0. 

16. Li Y., Li C.: Porcine respirovirus 1 suppresses host type I 

interferon production and the JAK-STAT signaling pathway. 

Viruses 2023, 15, e1176, doi: 10.3390/v15051176. 

17. Li Y., Sthal C., Bai J., Liu X., Anderson G., Fang Y.: 

Development of a real-time RT-qPCR assay for the detection of 

porcine respirovirus 1. J Virol Methods 2021, 289, e114040, doi: 

10.1016/j.jviromet.2020.114040. 

18. Maksimović Zorić J., Milićević V., Stevančević O., Chiapponi C., 

Potkonjak A., Stojanac N., Kureljušić B., Veljović L., 

Radosavljević V., Savić B.: Phylogenetic analysis of HA and NA 

genes of swine influenza viruses in Serbia in 2016-2018. Acta Vet 

2020, 70, 110–125, doi: 10.2478/acve-2020-0008. 

19. Martín-Valls E.G., Li Y., Díaz I., Cano E., Sosa-Portugal S., 

Mateu E.: Diversity of respiratory viruses present in nasal swabs 

under influenza suspicion in respiratory disease cases of weaned 

pigs. Front Vet Sci 2022, 9, E1014475, doi: 

10.3389/fvets.2022.1014475. 

20. Nei M., Kumar S.: Molecular Evolution and Phylogenetics. 

Oxford University Press, New York, NY, USA, 2000, doi: 

10.1093/oso/9780195135848.001.0001. 

21. Palinski M.R., Chen Z., Henningson N.J., Lang Y.,  

Rowland R.R.R., Fang Y., Prickett J., Gauger C.P., Hause M.B.: 

Widespread detection and characterization of porcine 

parainfluenza virus 1 in pigs in the USA. J Gen Virol 2016, 97, 

281–286, doi: 10.1099/jgv.0.000343. 

22. Park J., Kim H.-R., Lee E.-B., Lee S.K., Kim W.-I., Lyoo Y.S., 

Park C.-K., Ku B.K., Jeoung H.-Y., Lee K.-K., Park S.-C.: First 

detection and genetic characterization of swine orthopneumovirus 

from domestic pig farms in the Republic of Korea. Viruses 2023, 

15, e2371, doi: 10.3390/v15122371. 

23. Park J.-Y., Welch M.W., Harmon K.M., Zhang J., Piñeyro P.E., 

Li G., Hause B.M., Gauger P.C.: Detection, isolation, and in vitro 

characterization of porcine parainfluenza virus type 1 isolated 

from respiratory diagnostic specimens in swine. Vet Microbiol 

2019, 228, 219–225, doi: 10.1016/j.vetmic.2018.12.002. 

24. Prodanov-Radulović J., Došen R., Pušić I., Petrović T., Apić J., 

Stojanov I., Polaček V.: Emergence of pseudorabies virus (morbus 

Aujeszky) infection at large swine farms in Ap Vojvodina 

(Serbia). Contemp Agric 2015, 64, 105–111. 

25. Richard C.A., Hervet C., Ménard D., Gutsche I., Normand V., 

Renois F., Meurens F., Eléouët J.F.: First demonstration of the 

circulation of a pneumovirus in French pigs by detection of anti-

swine orthopneumovirus nucleoprotein antibodies. Vet Res 2018, 

49, 118, doi: 10.1186/s13567-018-0615-x. 

26. Rima B., Collins P., Easton A., Fouchier R., Kurath G.,  

Lamb R.A., Lee B., Maisner A., Rota P., Wang L., ICTV Report 

Consortium: ICTV Virus Taxonomy Profile: Pneumoviridae.  

J Gen Virol 2017, 12, 2912–2913, doi: 10.1099/jgv.0.000959. 

27. Savić B., Milićević V., Radanović O., Zdravković N.,  

Stevančević O., Kureljusić B., Nešić K.: Identification and genetic 

characterization of porcine circovirus 3 on pig farms in Serbia. 

Arch Virol 2020, 165, 193–199, doi: 10.1007/s00705-019-04455-

y. 

28. Savić B., Radanović O., Jovičić D., Nešić K., Ivanović S., 

Stevančević O., Cvetojević Đ., Kasagić D.: Survey of infectious 

agents associated with porcine respiratory disease complex 

(PRDC) in Serbian swine herds using polymerase chain reaction 

(PCR) detection. Acta Vet 2015, 65, 79–88, doi: 10.1515/acve-

2015-0006. 

29. Schuele L., Lizarazo-Forero E., Cassidy H., Strutzberg-Minder K., 

Boehmer J., Schuetze S., Loebert S., Lambrecht C., Harlizius J., 

Friedrich W.A., Peter S., Rossen W.A.J., Couto N.: First detection of 

porcine respirovirus 1 in Germany and the Netherlands. Transbound 

Emerg Dis 2021, 68, 3120–3125, doi: 10.1111/tbed.14100. 

30. Sergeant E.S.G.: Epitools Epidemiological Calculators. Ausvet, 

Fremantle, WA, Australia, 2018, http://epitools.ausvet.com.au. 

31. Sozzi E., Leo G., Bertasio C., Alborali L.G., Salogni C., Tonni M., 

Formenti N., Lelli D., Moreno A., Trogu T., Canziani S.,  

https://doi.org/10.2478/acve-2020-0008
https://doi.org/10.1016/j.vetmic.2018.12.002
https://doi.org/10.1515/acve-2015-0006?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.1515/acve-2015-0006?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle


 J. Maksimović Zorić et al./J Vet Res/70 (2026)  

 

 

Tolini C., Cerioli P.M., Lavazza A.: Presence and characterisation 

of porcine respirovirus 1 (PRV1) in northern Italy. Pathogens 

2024, 13, 85, doi: 10.3390/pathogens13010085. 

32. Spackman E., Senne D.A., Myers T.J., Bulaga L.L., Garber L.P., 

Perdue M.L., Lohman K., Daum L.T., Suarez D.L.: Development 

of a real-time reverse transcriptase PCR assay for type A influenza 

virus and the avian H5 and H7 hemagglutinin subtypes. J Clin 

Microbiol 2002, 40, 3256–3260, doi: 10.1128/JCM.40.9.3256-

3260.2002. 

33. Stadejek T., Cybulski P., Gauger C.P., Woźniak A.: European and 

American strains of porcine parainfluenza virus 1 (PPIV-1) 

belong to two distinct genetic lineages. Pathogens 2022, 11, e375, 

doi: 10.3390/pathogens11030375. 

34. Thompson J.D., Higgins D.G., Gibson T.J.: CLUSTAL W: 

improving the sensitivity of progressive multiple sequence 

alignment through sequence weighting, position-specific gap 

penalties and weight matrix choice. Nucl Acids Res 1994, 22, 

4673–4680, doi: 10.1093/nar/22.22.4673. 

35. Welch M., Krueger K., Zhang J., Neveau M., Piñeyro P.,  

Magstadt D., Main R., Gauger P.: Characterization of two porcine 

parainfluenza virus 1 isolates and human parainfluenza virus 1 

infection in weaned nursery pigs. Vet Sci 2022, 10, e18, doi: 

10.3390/vetsci10010018. 

36. Welch M., Park J., Gauger P., Harmon K., Lin K., Piñeyro P., 

Zhang J.: A.S. Leaflet R3196, Porcine parainfluenza virus type 1 

(PPIV-1) in U.S. swine: summary of veterinary diagnostic 

laboratory data. Anim Ind Rep 2017, 663, 14, doi: 

10.31274/ans_air-180814-389. 

37. Woźniak A., Cybulski P., Dénes L., Balka G., Stadejek T.: 

Detection of porcine respirovirus 1 (PRV1) in Poland: incidence 

of co-Infections with influenza A virus (IAV) and porcine 

reproductive and respiratory syndrome virus (PRRSV) in herds 

with a respiratory disease. Viruses 2022, 14, e148, doi: 

10.3390/v14010148. 

38. Zhao J., Sun J., Li X., Xing G., Zhang Y., Lai A., Baele G., Ji X., 

Su S.: Divergent viruses discovered in swine alter the 

understanding of evolutionary history and genetic diversity of  

the Respirovirus genus and related porcine parainfluenza viruses. 

Microbiol Spectr 2022, 10, e0024222, doi: 

10.1128/spectrum.00242-22.

 

https://doi.org/10.31274/ans_air-180814-389%2025

