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Abstract

Background Respiratory diseases are globally a major challenge in today’s pig production. Despite the efforts to
manage the disease, the number of pigs affected is still increasing, indicating gaps in the current knowledge. In 2016,
a novel pneumovirus, swine orthopneumovirus, was detected in the USA. Since then, the virus has been detected in
a few European countries and in South Korea. However, the wider distribution of the virus is still greatly unknown, as
well as its clinical relevance.

Case presentation This report describes the first detection of swine orthopneumovirus in a Swedish pig herd. The
virus was detected as the result of an investigation conducted between September 2023 to June 2024, where all
clinical samples (n=682) sent to the Swedish Veterinary Agency for diagnostic purposes from 112 Swedish pig farms
exhibiting clinical signs of respiratory disease were screened for the presence of swine orthopneumovirus. The virus
was detected in one piglet producing farm that had a respiratory disease outbreak in autumn 2023, which presented
with cough and nasal discharge. In November 2023, 11 nasal swabs were collected, of which 9 were PCR-positive

for swine orthopneumovirus. In addition, each sample was also PCR-positive for Mesomycoplasma hyorhinis and
Pasteurella multocida, and 2 samples were PCR-positive for Actinobacillus pleuropneumoniae, indicating a polymicrobial
respiratory infection.

Conclusions This report emphasises the importance of ongoing efforts to identify emerging pathogens and
determine their clinical significance. Therefore, further research is needed to assess the distribution and potential
clinical relevance of swine orthopneumovirus.
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Background

Respiratory diseases are globally one of the most sig-
nificant contributors to decreased animal welfare and
productivity in pig production, increasing the need for
antibiotic treatments and subsequently the risk for the
development of antibiotic resistance [1, 2]. Polymicrobial
respiratory diseases in pigs are commonly referred to as
the porcine respiratory disease complex (PRDC), which
is influenced by infectious, management, and environ-
mental factors. Multiple bacteria and viruses have been
recognised to play a role in PRDC, but the interaction of
the pathogens is not fully understood [3, 4]. In addition,
new porcine viruses have emerged but the distribution
and clinical relevance of these are not well described [5,
6].
For the last decade, Sweden has produced around 2.5
million slaughter pigs each year [7]. Since 2000, the num-
ber of pig producers in Sweden has decreased by 80%
while the average herd size has increased which is consis-
tent with international trends. In 2023, there were 1160
registered pig producers with 1.3 million pigs, represent-
ing approximately 1% of the pig population in the EU [8,
9]. Sweden has high standards for animal welfare such
as strict requirements for the minimum space allowance
and all animals must be kept in loose housing at every
production stage [10, 11]. In addition, some common
porcine pathogens are absent in the Swedish pig popu-
lation, such as the porcine reproductive and respiratory
disease syndrome virus (PRRSV) and Aujeszky’s disease
virus. Despite this, the prevalence of respiratory diseases
in Swedish pig herds has increased over the last several
decades [12] and as many as 50% of pigs in some slaugh-
ter batches have signs of pleuritis at meat inspection.
Respiratory diseases are also common in other parts of
Europe where the prevalence of pleuritis detected during
meat inspection varies between 6 and 50% [13].

In 1998, serological evidence of pneumovirus infec-
tion in pigs in Northern Ireland was described because
of apparent cross-reaction of pig sera with bovine respi-
ratory syncytial virus (BRSV) antigen [14]. In 2016, a
novel porcine respiratory virus, swine orthopneumovirus
(SOV) of the genus Orthopneumovirus, was discovered
and sequenced in the USA [6]. It has since been detected
in Spain [15], Germany [16], and South Korea [17]. Sero-
logical evidence of SOV has been reported in France [18].
Previously, there was no evidence of the presence of SOV
in the Nordic countries. However, very few veterinary
laboratories in Europe test for SOV on a routine basis,
resulting in a lack of knowledge of its distribution or how
much it contributes to the development of PRDC. Several
recent reports have indicated the presence of the virus
in various European countries. We have investigated the
presence of SOV in Swedish pigs by screening incoming
samples submitted for routine diagnostics for the virus.
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The aims of this report are to present the first detection
of SOV in Sweden and to describe the genetic diversity of
SOV strains that circulate in Europe.

Screening survey

As part of an ongoing screening project between Sep-
tember 2023 and June 2024, all clinical samples (n =
682) submitted to the Swedish Veterinary Agency (SVA)
for diagnostics as a part of routine veterinary care from
Swedish pig farms exhibiting clinical signs of respiratory
disease (n = 112), were screened for the presence of SOV
using previously described protocol [16]. The screening
project aimed to survey the occurrence and incidence of
infections in connection with SOV and determine if it is
a potential contributor to the PRDC in the Swedish pig
population. The distribution of tested animals represents
the geographical distribution of the pig population in
Sweden (Fig. 1). The visualization of the maps was per-
formed using R version 4.4.1 [19].

Case presentation

Swine orthopneumovirus was detected from 1 out of 112
farms investigated, where 9 out of 11 samples were posi-
tive in pigs 3—5 weeks of age. In autumn 2023, this piglet
producing farm with 1100 sows in a weekly batch farrow-
ing system suffered from a respiratory disease outbreak.
In October 2023, coughing had occurred in grower pigs
in three consecutive batches shortly after weaning. In
November, the herd veterinarian was called out since
now also three-week-old piglets in one farrowing unit
had started to cough. During the visit, pigs presented
with cough and nasal discharge were detected in four dif-
ferent units, hereafter referred to as: units A-D. A high
number of pigs were coughing in unit B, C and D (three
to five-week-old pigs), spread throughout the units. In
unit A (two-weeks-old piglets), only a few piglets were
affected. The herd veterinarian collected in total 11 nasal
swab samples from these four units. Sampling was done
from piglets showing clear signs of disease, such as cough
and nasal discharge, resulting in one sample (sample no.
1) from unit A, four samples (sample no. 2-5) from unit
B from three-week-old piglets, three samples (sample no.
6—-8) from unit C from recently weaned four-week-old
pigs, and three samples (sample no. 9-11) from unit D
from five-week-old pigs.

According to the farm’s standard management rou-
tines, piglets were vaccinated against porcine circovirus
type 2 (PCV2) and Mesomycoplasma hyopneumoniae
(Mhyo) with Porcilis PCV Mhyo injectable vaccine at
three weeks of age. No medical treatments for pneu-
monia were performed in the farrowing units, but the
number of individuals treated with injectable antibiotics
(Procaine benzylpenicillin) for acute pneumonia in the
grower units increased during the outbreak. On average,
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Fig. 1 The geographic distribution of the tested animals screened for swine orthopneumovirus by a real-time reverse transcription quantitative PCR
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4.6% of the piglets were individually treated in the four
sampled batches (variation 3.4-5.8%) compared to 2.8%
in the eight batches preceding the outbreak (variation
1.6-4.2%). No flock treatments were performed in the
farrowing units, nor in the growing units. Mortality in
the grower units after weaning until at 10 weeks of age
in the four sampled batches (including euthanised pigs)
varied between 1.9 and 3.7% compared to 1.6—3.2% in the
eight batches weaned before the outbreak started.

The samples were submitted to the SVA for diagnostic
purposes. They were initially tested for several respiratory
pathogens included in the routine diagnostic workflow.
The respiratory diagnostic panel includes a real-time
reverse transcription quantitative PCR (RT-qPCR) for
Actinobacillus  pleuropneumoniae (APP), Pasteurella
multocida (Pm), Mhyo, Mesomycoplasma hyorhinis
(Mhr), and swine influenza A virus (swIAV). At the time
of sampling, the main interest was to know if influenza
virus was present at the farm as human influenza virus
had been detected there previously. For this reason, some
porcine pathogens, such as porcine reproductive and
respiratory syndrome virus (PRRSV), were not included
in the diagnostic panel. In addition, the Swedish pig
population is free from PRRSV and has a national moni-
toring program for PRRS to ensure the freedom from
the disease. The decision to analyse samples for PRRSV
at a suspicion of disease is made by the Swedish Board
of Agriculture based on the risk assessment provided by
SVA. As the samples from the farm were collected at the
time of respiratory disease outbreak, all samples were
included in the SOV screening.

Detection of SOV

After performing RNA extraction (Supplementary meth-
ods), samples were analysed for the presence of SOV
RNA and were screened with an initial qPCR targeting
the N-gene. Positive samples were confirmed using a sec-
ond qPCR assay targeting the G-gene of SOV [16].
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All four samples from unit B were positive for SOV,
as well as three samples from unit C and two from unit
D (Table 1). The farm was the only SOV-positive farm
detected during the screening period (Fig. 2). If at least
one farm was positive, the area was considered positive.
All samples were also PCR-positive for Pm and Mhr,
while negative for Mhyo and swIAV. Two samples from
unit D were positive for APP. Two SOV-positive samples
with the highest viral load (Ct values 17 and 19) were
selected for metagenomic next-generation sequencing
(mNGS) using the previously described protocol [20].

The nucleotide sequence was compared to the NCBI
GenBank database using the BLAST algorithm Search
Tool (BLASTn). The amino acid sequences of the puta-
tive proteins were compared to proteins in the NCBI
GenBank database using the Basic Local Alignment
(BLASTp). The complete genomes were generated and
uploaded to Genbank (Genbank PP336899-PP336900).

De novo assembly of the SOV-positive samples gen-
erated sequences of 14 891 and 14 897 nucleotide base
pairs, respectively, and confirmed the presence of 11 open
reading frames (NS1, NS2, N, P, M, SH, G, F, M2-1, M2,2
and L) of SOV. The generated whole genome sequences
were 93% identical to the KSOV-2202 strain (Table 2),
isolated from diseased pigs at commercial farms in South
Korea in 2022 [17]. Pairwise amino acid alignments and
the comparison of the amino acid sequence of the respec-
tive gene between the Swedish SOV and KSOV-2202
revealed the overall amino acid similarity between 90.6%
(G-gene) and 98.98% (N-gene). The G protein, which
interacts with host cell factors and mediates virus entry,
exhibits the highest number of amino acid substitutions
(n = 39) compared to KSOV-2202. The functional signifi-
cance of these substitutions has not been explored but
changes, particularly in surface-exposed loop regions and
potential glycosylation sites could alter viral antigenic-
ity, receptor interactions and immune evasion [21]. The
F protein of Swedish SOV exhibits multiple substitutions
(n = 15) compared to KSOV-2202, particularly in the

Table 1 Detection of swine respiratory pathogens in a Swedish 1100 Sow piglet producing herd with a RT-qPCR

Pig age Sample no. RT-gPCR (Ct-value)
sov APP Pm Mhyo Mhr swlAV
Unit A 2 weeks 1 +(31.95) - +(38.06)
Unit B 3 weeks 2 +(27.94) +(25.70) +(23.10)
3 +(19.29) +(26.45) +(25.87)
4 +(17.02) +(26.61) +(23.43)
5 +(19.94) +(21.07) +(21.98)
Unit C 4 weeks 6 +(29.23) +(36.40) +(30.78)
7 +(29.42) +(31.95) +(34.27)
8 +(31.97) - +(31.88) +(36.79)
Unit D 5 weeks 9 +(29.24) +(35.05) +(32.44) +(30.21)
10 +(29.16) +(34.1) +(31.68) +(29.77)
11 +(31.86) +(24.59)
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Fig. 2 The location of the swine orthopneumovirus positive farm, detected during the screening of clinical samples (n=682) from Swedish pig farms
(n=112) exhibiting clinical signs of respiratory disease
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Table 2 Open reading frame (ORF) composition and length and
pairwise amino acid identity between SOV ORFs of the Swedish
virus and KSOV-2202 are shown here

Swedish SOV KSOV-2202
OR701948.1

ORF Amino Acids AA Number of AA Iden-

(AA) differences tity to

S-SOV%

NS1 114 114 9 92,11
NS2 157 157 9 94,27
N 393 393 4 98,98
p 295 295 10 96,62
M 257 257 5 98,06
SH 92 92 6 93,55
G 414 414 39 90,6
F 537 537 15 97,21
M2-1 176 176 3 98,31
M2-2 98 98 1 97,98
L 2038 2038 45 97,7

signal peptide region at the N-terminus (positions 1-20),
which may affect how the F protein is processed for fold-
ing and maturation inside the infected cells [22, 23].

To further investigate the genetic relationship of the
viruses detected in Sweden, we retrieved all available
whole genome sequences of Orthopneumovirus from
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the NCBI GenBank. Seventeen available sequences were
aligned, and a phylogenetic tree (Fig. 3.) was constructed
using the maximum likelihood method based on the gen-
eral time reversible model. The percentages of replicate
trees in which the associated taxa clustered together in
the bootstrap test (2000 replicates) are shown below the
branches [24]. Evolutionary analyses were conducted in
MEGA?7 [25]. Phylogenetic analysis of the Swedish SOV’s
whole genome sequence and the F and G gene sequences
separately, showed that the Swedish SOV clustered with
KSOV-2202 in the same clade as other available swine
Orthopneumoviruses.

Discussion and conclusions

To the authors’ knowledge, this is the first time SOV has
been detected in pigs in Sweden. Swine orthopneumo-
virus was detected from 1 out of 112 farms investigated,
where 9 out of 11 samples were positive in pigs 3—5 weeks
of age. At the time of sampling, the SOV-positive farm
was also PCR-positive for APP, Pm, and Mhr, whereas it
was negative for Mhyo and swIAV. These findings indi-
cate a polymicrobial respiratory infection. Identifying
which pathogen combination, together with environmen-
tal and management factors, contributed to the clinical
signs is challenging.

NC 025344 Pneumovirus dog/Bari/100-12/ITA/2012

100 MK520879 Canine pneumovirus isolate CP 82 TH/2016
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Fig. 3 A phylogenetic tree constructed using the complete genomes available for orthopneumoviruses. Two swine orthopneumoviruses detected in the

case farm are indicated with red dots
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Polymicrobial respiratory infection has been shown in
other cases of SOV in Spain and South Korea [15, 17].
In Spain, 31 virus combinations were detected on 55
farms with respiratory disease and SOV was detected
in 17 farms. The presence of SOV correlated positively
with presence of swlAV, porcine respiratory coronavirus
(PRCV) and PCV2 in the Spanish herds [15]. In South
Korea, some of the SOV-positive samples were also posi-
tive for PRRSV-1, PRRSV-2, PCV2, Mhyo, and porcine
respirovirus 1 (PRV-1) [17], while swIAV was not pres-
ent. Sweden is officially free of PRRSV and the freedom
of the disease is monitored by both passive and active
surveillance [26]. Hence, PRRSV is not thought to con-
tribute to PRDC in Sweden [27].There are no recent stud-
ies of the prevalence of PRCV or PCV2 in the Swedish
pig herds. However, in general, PRCV has been thought
to be present in most herds, usually resulting in subclini-
cal and self-limiting disease [28]. Most pigs are vacci-
nated against PCV2 because it is required when pigs are
sold from piglet-producing herds to specialised fattening
herds [29]. The apparent contribution of Mhyo to pneu-
monia in Swedish herds has decreased since the imple-
mentation of age-segregated rearing systems in Sweden
in the 1990s [12]. In addition, nucleus herds must be vac-
cinated against Mhyo [29]. At present, the presence of
PRV-1 in Swedish pig herds is not known.

There is no information on how SOV could have
been introduced to the farm. As SOV has been rela-
tively recently discovered and not routinely looked for,
its clinical contribution remains unknown [16], as well
as its potential pathogenicity and transmission routes.
In humans and other species, metapneumoviruses are
known to cause clinical disease and are transmitted via
respiratory secretions [30]. In humans, human respira-
tory syncytial virus (HRSV), genus Orthopneumovirus,
leads to respiratory infections, most commonly in infants
but also in elderly and immunocompromised patients
[31]. Human metapneumovirus, genus Metapneumo-
virus, causes a similar clinical picture to HRSV and is
closely related to avian metapneumovirus. Avian meta-
pneumovirus, genus Metapneumovirus, causes severe
respiratory infection in turkeys and usually results in
lethal upper respiratory infection. Bovine respiratory
syncytial virus, genus Orthopneumovirus, induces clinical
disease and can contribute to polymicrobial respiratory
infection in cattle. Both BRSV and HRSV transmissions
are believed to occur via respiratory secretions. For
HRSYV, droplet transmission is also believed to occur [30].
If SOV behaves the same way as HRSV or BRSV, trans-
mission via respiratory secretions could be thought to
occur, but more research should be done to confirm this.
In addition, the possibility of indirect transmission for
example via visitors or vehicles, cannot be excluded. At
the same time, the transmission of routes of respiratory
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viruses in general is quite poorly understood, while better
tools to detect air-borne viruses are being developed [32].
As the SOV-positive farm did not buy any animals but
raised their own animals for breeding and since no ani-
mals had been introduced to the farm since 2020, the risk
of a recent external introduction of the virus is consid-
ered low or negligible. The virus may have been present
in the herd for some time but gone unnoticed as it was
only recently detected and has not been routinely looked
for. As the youngest sampled animal (sample no. 1) was
negative, it may be that it either had not been exposed
to the virus or the sampling strategy was not able to
detect the virus in the unit. If the unit A truly was nega-
tive, it would mean that older animals would have been
recently exposed to the virus, thus suggesting a recent
virus introduction. Whether the virus was already circu-
lating or recently introduced, we want to emphasise the
importance of continuous efforts to search for emerging
pathogens.

The limitations of the traditional diagnostic methods,
such as the inability to detect novel pathogens, can result
in delayed or inaccurate diagnosis [33]. On the other
hand, mNGS is an unbiased and comprehensive tool for
identifying and characterising microorganisms [33, 34].
In addition, over time, the costs of mNGS have reduced
[34], making it more accessible. Due to these factors,
mNGS is a promising tool for the detection of microor-
ganisms associated with PRDC. However, the presence of
a microorganism is not equivalent to a clinically relevant
pathogen, like in the case of SOV, whose clinical contri-
bution is still unknown.

This report presents the first detection of SOV in a
Swedish pig herd, during a clinical respiratory outbreak,
including the presence of other porcine respiratory
pathogens. This is also the first time in Europe and the
fourth time globally that the whole genome sequence
of SOV has been described. This report highlights the
importance of continuous efforts to search for emerging
pathogens with modern tools such as sequencing, as it
can potentially fill some of the knowledge gaps regarding
PRDC. Before including SOV in the routine diagnostic
panel, its clinical relevance should be defined. To achieve
this, experimental studies are often necessary to confirm
the causality between the agent and clinical disease. Fur-
ther studies are also needed to assess the distribution of
SOV, to get a better understanding of how widespread
the potential impact of SOV is.

Abbreviations
APP Actinobacillus pleuropneumoniae

BRSV Bovine respiratory syncytial virus

HRSV Human respiratory syncytial virus

Mhyo Mesomycoplasma hyopneumoniae

mNGS Metagenomic next-generation sequencing

Mrh Mesomycoplasma hyorhinis
PCV2 Porcine circovirus type 2
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Pm Pasteurella multocida

PRDC Porcine respiratory disease complex

PRV-1 Porcine respirovirus 1

RT-gPRC  Real-time reverse transcription quantitative PCR
SOV Swine orthopneumovirus

SVA Swedish Veterinary Agency
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