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A total of 1019 samples collected on 726 Spanish swine farms suffering from outbreaks of respiratory disease
were screened for influenza A viruses (IAVs) using a RT-qPCR method. A subset of positive samples was further
analyzed using a subtype-specific RT-qPCR method (n: 142) and Sanger sequencing (n: 64). A total of 19.4%
samples from 23% farms tested positive, with infection being most common in suckling (53.6%) and weaning
pigs (30.2%). Viruses belonging to four HA subtypes (Hlav, Hlhu, Hlpdm, H3) were detected, with subtypes
HlavN2, H1huN2 and HlavN1 accounting for over half of the specimens. An optimized protocol with newly
designed primers allowed the detection of H3 viruses in a significant number of samples (21%). A comparison of

Spain antigenic positions revealed that circulating strains exhibited mutations with vaccine strains in a significant
percentage of amino acid residues, both in the NA protein (27.8-43.3%) and particularly in the HA protein

(51-75.3%).

1. Introduction

Swine influenza is a highly contagious viral respiratory infection of
pigs causing significant economic losses for pig producers worldwide.
Morbidity can reach as high as 100% within a herd and mortality can
lead to 10-15% in naive pigs (Ma, 2020). The etiological agents are
influenza A viruses (IAVs) which are enveloped virus belonging to the
family Orthomyxoviridae. IAVs contain eight segments of negative-sense
single stranded RNA as its genome, with subtypes being defined by the
hemagglutinin (HA) and neuraminidase (NA) spike-like glycoproteins.
These surface glycoproteins frequently undergo minor amino acid
changes, or antigenic drift, which results in the emergence of new var-
iants (Van Reeth and Vincent, 2019). Additionally, genome reassort-
ment or antigenic shift can occur as a consequence of the segmented
genome of IAVs, which results in multiple lineages circulating globally
(Ryt-Hansen et al., 2020).

In addition to their economic impact for the swine sector, IAVs are of
public health concern as swine may provide an intermediate host for
adaptation of avian influenza strains to humans, which can lead by

reassortment to the generation of viruses with epidemic and pandemic
potential (Krammer et al., 2018). The emergence in pigs of 2009 HIN1
pandemic virus (HIN1pdm), containing viral segments from avian,
swine, and human viruses, highlighted the key role of pigs in contrib-
uting to IAV reassortment and evolution (Smith et al., 2009). Three
subtypes, HIN1, HIN2, and H3N2 are simultaneously circulating in
swine populations worldwide, but lineages may vary within each sub-
type depending on the region, i.e. North America, Europe and Asia
(Bonin et al., 2018; Mancera Gracia et al., 2020). The established clade
classification system for the HA gene of H1 subtype IAVs recognizes
three major lineages—1A, 1 B, and 1C—and their sub-lineages
(Anderson et al., 2016).

Immunodominant epitopes on HA and NA glycoproteins are the
target of neutralizing antibodies elicited during influenza infection or
vaccination, which is the main tool to control swine IAV infections. As
the main antigen of influenza virus, mapping of hemagglutinin (HA)
from HIN1 and H3N2 strains using variants selected by monoclonal
antibodies has revealed the existence of six (Sa, Sb, Ca2, Cal, Cb and Pa)
and five (A — E) major antigenic sites, respectively (Wiley et al., 1981;
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Caton et al., 1982; Skehel et al., 1984; Matsuzaki et al., 2014). Antigenic
epitopes of NA glycoprotein are not well characterized but amino acid
residues critical for monoclonal antibodies binding in both N1 and N2
subtypes have also been reported (Venkatramani et al., 2006; Wan et al.,
2015).

Swine influenza is widespread in Europe. A serological study in the
period 2006-2008 in farms with a history of respiratory problems from
the most swine-dense European regions in Belgium, France, Italy and
Spain showed that 90% farms were classified as positive for swine IAVs,
with an individual level seroprevalence of 62% (Kyriakis et al., 2013). A
subsequent large-scale surveillance molecular study conducted between
2015 and 2018 in 17 European countries revealed 30.5% of samples and
56.6% of swine farms with respiratory disease to be positive at the
matrix (M) gene (Henritzi et al., 2020). Four main sublineages of IAVs
circulate in the swine population in Europe, including the “avian-like”
swine HIN1 lineage (HlavN1; clade HA-1C) which emerged in 1979
following transmission of HIN1 from duck to pig and replaced the
“classical” human 1918-derived HIN1; the “human-like” H3N2 lineage
originating in 1984 from the reassortment of human-like swine H3N2
and HlavN1; the “human-like” HIN2 (H1huN2; clade HA-1B) that
appeared in 1994 from a reassortment between the swine H3N2 and a
seasonal human HIN1; and the “pandemic 2009”- origin H1N1
(H1pdmN1pdm; clade HA-1A) which was transmitted from humans and
is circulating in the swine population since 2009 (Chiapponi et al.,
2021). The relative proportions of these four main lineages in the swine
population in Europe remains largely stable but with very different
relative levels of incidence in several countries (Simon et al., 2014).
Hence, reassortant viruses combining genes from these different enzo-
otic IAVs have emerged from the co-circulation among the swine pop-
ulation such as HlavN2, HlhuNlav, and HlpdmN2 (Henritzi et al.,
2020).

Pigs represent the largest livestock category in Spain, which is the
second top pig-producing country in the EU, and the fourth largest
producer of pork worldwide after China, the United States and Germany
(https://ec.europa.eu/info/food-farming-fisheries/animals-and-anima
l-products_en, accessed on November 30th, 2023). Two northeastern
Spanish regions are among the most swine dense regions in Europe and
concentrate more than a half of population of pigs in Spain: Aragon
(28.6%) and Catalonia (23.3%) (https://www.mapa.gob.es/es/g
anaderia/temas/produccion-y-mercados-ganaderos/sectores-ganader
os/porcino/default.aspx, accessed on November 30th, 2023). Influenza
is endemic in intensive production systems of white pigs in Spain, with
IAVs being commonly found by RT-qPCR in nasal swabs from both farms
with respiratory disease episodes and apparently subclinical randomly
selected farms (Sosa Portugal et al., 2020). Serological surveillance
studies have reported a farm-level seroprevalence of 94-100% and an
animal level seroprevalence of 62.3-80% (Van Reeth et al., 2008;
Simon-Grifé et al., 2011; Kyriakis et al., 2013). In Iberian swine, these
percentages were 58% and 33.4%, respectively (Encinas et al., 2021).
Serological studies in the period 2002-2003 demonstrated that subtype
H1N1, H3N2 and H1N2 IAVs co-circulated in densely populated pig
areas in Spain (Maldonado et al., 2006; Van Reeth et al., 2008). A
subsequent molecular study in the period 2010-2013 revealed that
subtypes HlavN1 and H3N2 circulated widely in pig populations in
Spain but HIN1pdm was not detected (Simon et al., 2014). In the period
2017-2019, the most prevalent subtypes were HlavN2hu, HlavNlav
and H1huN2hu, followed by H3huN2hu and H1pdmN1pdm, revealing
that this genetic diversity is continuously expanding with new viral
variants and highlighting the need of continuous surveillance of IAVs in
this host (Sosa Portugal et al., 2020). The current study aimed to
investigate the occurrence and genetic diversity of IAVs from swine
farms with outbreaks of respiratory disease distributed throughout
Spain. For this purpose, cases submitted to a veterinary diagnostic lab-
oratory in 2020 were analyzed. Additionally, amino acid residues in
antigenic sites within the HA and NA proteins were analyzed to explore
the similarity between circulating strains and IAV strains contained in
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the two commercial vaccines available in Spain.
2. Materials and methods
2.1. Ethics approval statement

Samples were collected from pigs by veterinary surgeons for diag-
nostic purposes after the permission of farm owners, with no specific
permits being required by the authority for the specimen collections.
Animal care and use committee approval was not necessary for this
study. Directive 2010/63/EU of the European Parliament on the pro-
tection of animals used for scientific purposes does not apply to non-
experimental clinical veterinary practices.

2.2. Sample collection

A total of 1019 samples collected between January 1st and December
31st, 2020 in swine farms with outbreaks of respiratory disease were
delivered for diagnostic purposes to a specialized veterinary laboratory
(Exopol S.L., San Mateo de Gallego, Spain). Specimens were received in
the form of lung tissues (42%), oral fluids (29%), nasal swabs (26%) and
bronchoalveolar lavages (3%) and originated from 726 farms distrib-
uted in 43/50 Spanish provinces. Most samples corresponded to pools of
specimens and were collected from suckling piglets (n: 28), weaning pigs
(n: 265), fattening pigs (n: 498) and sows (n: 92). The age of pigs was
unknown for 136 samples. Most farms submitted either a single (n: 546),
two specimens (n: 116) or three specimens (n: 38) with the remaining
farms submitting four to six samples. The sample size selection from
different farms, age groups, or time periods could not be controlled,
because the samples were specifically submitted for diagnostic purposes
under the criteria of the veterinary surgeons in response to an unusual
increase in the number of cases of respiratory disease.

A subset of samples positive for swine influenza A virus (n: 142) was
selected for genotyping based on both the cycle threshold (Cq) value <
32 against IAVs and their origin from farms located in different regions
with the purpose of covering a wide geographical area. The selection
was also proportional to the number of specimens submitted from each
province. Namely, these selected samples originated from 126 farms
located in 22 provinces distributed throughout Spain, with most of them
corresponding to weaning pigs (n: 61) and fatteners (n: 33) while a much
smaller number were samples from suckling piglets (n: 12) and sows (n:
4). Half of specimens originated from three provinces while between 1
and 9 samples were analyzed from the remaining provinces. The age of
pigs was not available for a total of 22 samples. On six farms, multiple
submissions corresponding to independent outbreaks on different dates
were analyzed. Data about IAV vaccination in the involved farms were
not available in this study.

2.3. Nucleic acid extraction, identification and subtyping of swine IAV by
RT-qPCR

The commercial kit, MagMAX™ Core Nucleic Acid Purification
(Thermo Fisher Scientific, Waltham, MA, USA) with an automated
magnetic particle processor (KingFisher Flex; Thermo Fisher Scientific,
Waltham, MA, USA) was used for extraction of nucleic acids according
to the manufacturer’s instructions. A quantitative reverse transcription-
PCR (RT-qPCR) assay based on the amplification of the conserved
segment of the matrix (M) gene was performed using a commercial kit
(EXOone Influenza A virus, Exopol S.L., San Mateo de Gallego, Spain) to
confirm the presence of influenza A virus in all 1019 samples. Samples
with Cq value < 38 were considered positive. A subset of 142 positive
samples with Cq value < 32 were further investigated to identify the
influenza A subtype by hemagglutinin (HA) and neuranimidase (NA)
genes amplification targeting Hlav, H1pdm, Hl1hu, H3hu, N1 (including
N1lall and N1pdm), and N2. Subtype-specific real-time PCRs (RT-qPCR)
as described by Henritzi et al. (2016) were used.


https://ec.europa.eu/info/food-farming-fisheries/animals-and-animal-products_en
https://ec.europa.eu/info/food-farming-fisheries/animals-and-animal-products_en
https://www.mapa.gob.es/es/ganaderia/temas/produccion-y-mercados-ganaderos/sectores-ganaderos/porcino/default.aspx
https://www.mapa.gob.es/es/ganaderia/temas/produccion-y-mercados-ganaderos/sectores-ganaderos/porcino/default.aspx
https://www.mapa.gob.es/es/ganaderia/temas/produccion-y-mercados-ganaderos/sectores-ganaderos/porcino/default.aspx

A.A. Benito et al.

A novel RT-qPCR assay was developed in this study to increase the
sensitivity of the procotol described by Henritzi et al. (2016) for
detection of H3 subtypes. This assay was optimized based on pre-
liminary findings that provided a low detection rate of H3 subtypes. The
new primers H3exoFW (5-GGGGACCCTCABTGTGA-3); H3exoRV
(5-UAMTCCGGCACATCATAAGG-3) and the probe H3exoS
(5-TTGAACGCAGCAVRGCTTWCAGCA-3) were designed by align-
ments of SIV H3 sequences retrieved from GenBank and Spanish se-
quences obtained in the current study, using the unipro UGENE and
Primer Blast software. The RT-qPCR amplification was carried out using
the SensiFAST Probe No-ROX One-Step Real-time PCR kit (Bioline Re-
agents Ltd, London, United Kingdom) in a 20 pL reaction mixture con-
taining 10 pL of 2 x One Step RT-PCR Buffer, 500 nM of each primer,
250 nM probe, 0.4 pL of Ribosafe RNase inhibitor, 0.2 pL of Reverse
transcriptase and 5 pL extracted RNA. The reaction was run in a
QuantStudio 5 Real-time PCR machine (Applied Biosystems, Marsiling,
Singapore), following the manufacturer’s instructions; briefly: a reverse
transcription step at 45 °C for 20 min; then heated at 95 °C for 5 min and
a three-step cycle (15sat 95 °C, 60 s at 58 °C, 30 s at 72 °C) was repeated
for 40 cycles.

2.4. Sequence analysis of HA and NA genes

The subtype of selected IAV isolates (n: 64) previously identified by
RT-gPCR was also determined by Sanger sequencing of the HA and NA
genes. These isolates were selected based on the absence of co-infections
by mixed subtypes and the origin of the samples, with the aim of
covering the widest geographical area. The RT-PCR amplification was
carried out using the same commercial mastermix used in step 2.3 in a
50 pL reaction mixture containing 25 pL of 2 x One Step RT-qPCR
Buffer, 500 nM of each primer, 1 pL of Ribosafe RNase inhibitor, 0.5
pL of Reverse transcriptase and 15 pL extracted RNA. The reaction was
run in a QuantStudio 5 Real-time PCR machine (Applied Biosystems,
Marsiling, Singapore), following the manufacturer’s instructions;
briefly: a reverse transcription step at 45 °C for 15 min, denaturation at
95 °C for 10, followed by 40 cycles of 95 °C for 5 s, 55-58 °C for 30 s and
72 °C for 60 s. The annealing temperatures and primers for each target
gene are described in Table 1. The PCR products were subjected to
electrophoresis in 1.5% w/v agarose gels and visualized with a UV
transilluminator. PCR products of expected amplicons size were purified
and sequenced in both directions with the forward and reverse primers
used for amplification at STABvida laboratories (Caparica, Portugal).

A preliminary nucleotide query step was performed in the Genbank
database (http://blast.ncbi.nlm.nih.gov/Blast.cgi; accessed on May
13th, 2023) to identify closely related sequences. Reference sequences
of swine IAVs from Spain and other European countries (Denmark,
Germany and Netherlands) were retrieved from the Genbank influenza
virus resource database (https://www.ncbi.nlm.nih.gov/genomes
/FLU/Database/nph-select.cgi?go=database; accessed on August 17th,
2023). Alignment of the consensus sequences against each other and
with reference sequences was done using ClustalW and edited with
BioEdit version 7.2.5 (https://bioedit.software.informer.com; accessed
on May 13th, 2023). Neighbor-joining phylogenetic trees using the
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Kimura’s two parameter model were constructed by means of the MEGA
software (https://www.megasoftware.net; accessed on https://www.
megasoftware.net). The robustness of branching patterns was tested
by 1000 bootstrap replicates. Tree drawing was performed online by
means of the iTOL v5 tool (Letunic and Bork, 2021). Nucleotide diversity
among IAV strains allocated to different subtypes (H1, H3, N1 and N2)
was evaluated by means of DNAsp software (Rozas et al., 2017).

The amino acid sequence of neutralization epitopes previously
described within HA and NA was deduced for all IAVs strains with
complete sequences available from this study and compared with the
amino acid composition of the same antigenic epitopes in the vaccine
strains included in the three vaccines licensed in Spain: A/Port Chalm-
ers/1/1973 (H3N2), A/swine/Hasselunne/2617/2003 (HlavN1l), A/
swine/Bakum/1769/2003 (H3N2), A/swine/Bakum/1832/2000
(H1huN2), and A/Jena/VI5258/2009(H1N1pdm09) (Wiley et al., 1981;
Caton et al., 1982; Skehel et al., 1984; Matsuzaki et al., 2014). Trans-
lation was performed by means of the EMBL-EBI translation tool
(Madeira et al., 2019).

2.5. Nucleotide sequence accession numbers

Sequences of IAV strains from this study were submitted to Genbank
(accession numbers 0Q363327 to 0Q363376, 0Q411283 to 0Q411295
and 0Q439192).

3. Results
3.1. Detection and subtyping of swine IAV by RT-qPCR

A total of 198 samples (19.4%) from 167 farms (23%) tested positive
with M gene RT-qPCR. Most of these positive samples (83.8%) showed a
Cq value below 34. Age distribution of IAV positive pigs showed higher
infection rates in suckling (15/28, 53.6%) and weaning pigs (80/265;
30.2%) than fattening pigs (62/498, 12.4%) and adults (6/92, 6.5%).
The monthly percentage of positive submissions fluctuated throughout
the year, although the highest percentages were reported in July—August
(28.6-29%) and the lowest rates in January-February and Septem-
ber—October (10-16%).

Of the 142 samples with a Cq value below 32 selected for subtyping,
the HA and NA subtypes were successfully identified in 136 and 139
samples, respectively (Table 2). A total of 22 samples tested negative for
all H types in a preliminary analysis using the protocol described by
Henritzi et al. (2016). A subsequent sequence analysis of 12 of these
samples showed that they belonged to the H3 type. This finding
prompted the development of a novel approach. The optimized RT-qPCR
assay with newly designed primers developed in this study significantly
increased the detection of H3 subtypes as compared with the protocol by
Henritzi et al. (2016), which only allocated four samples to H3 subtypes.
Namely, the optimized protocol provided Cq values remarkable lower
for these four samples (23.5-28.3 versus 31.8-34) and identified a total
of 30 samples as belonging to H3 subtypes.

The subtypes of the IAVs could be determined by RT-qPCR in 108/
142 samples (76%). HlavN2 was by far the most common subtype as

Table 1
Primers used for Sanger sequencing of HA and NA genes of swine IAVs.
Target Primer Sequence 5' to 3' Ta" (°C) Amplicon size (bp) References
HA regi6n 5' SZHA+ CTCGAGAGCAAAAGCAGGGG 55 985 Zou, 1997
HA_ 979 GTGATGGGATGTACATTCTG Martin-Valls et al. (2014)
HA region 3' HlexoFw ATAACDTTYGAGGCCAMTGGRAA 58 990 This study
HARK GTATTAGTAGAAACAAGGGTGTTTT Bragstad et al. (2005)
NA regién 5' SZANA+ AGCAAAAGCAGGAGTTTAAAATG 55 869 Zou, 1997
NA88ORv AGGATAACAGGAGCAYTCCTC This study
NA regién 3' NA_680 TGAGAACACAAGAGTCTGAATGTG 55 773 Martin-Valls et al. (2014)
NARK GTATTAGTAGAAACAAGGAGTTTTTT Bragstad et al. (2005)

# Annealing temperature.
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Table 2
Age distribution of IAV subtypes detected by RT-qPCR from January to December 2020 in swine farms from 22 provinces in Spain.
Age group
Subtype N a o a b
Suckling piglets (1-4 w. of a.) Weaning pigs (5-8 w. of a.) Fatteners Sows Other Total

HlavN2 1 29 7 1 7 45
H1lhuN2 6 4 6 1 17
HlavN1 2 2 3 1 4 12
H3N2 1 7 4 12
H3N1 1 6 2 2 11
HlpdmN2 5 5
H1lpdmN1 2 1 1 4
HlpdmN1pdm 1 1 2
Co-infections
HlavH1huN1 1 4 3 8
HlavH1huN2 1 3 2 6
HlavH1huN1N2 2 2
HlavH3N1N2 1 3 4
H1huN1N2 1 1
H1pdmN1pdmN1N2 1 1
H1pdmH3N2 2 2
HlavH1huNx 1 1
HlavNx 2 2
H3Nx 1 1
HxN1 2 2 4
HxN2 1 1 2
Total 12 64 33 4 29 142

# w. of a.: week of age.

> Age unknown.

was detected in almost half of these fully subtyped specimens (42%)
followed by H1huN2 (16%). Subtypes HlavN1, H3N2, H3N1 were each
found in 10-11% samples and the remaining specimens (10%) were
allocated to three Hlpdm subtypes (HlpdmN2, HlpdmN1,
H1lpdmN1pdm). Co-infections with more than a single subtype were
detected by RT-qPCR in a total of 24/142 (17%) samples mostly from
weaners and fatteners that tested positive for more than a H and/or N,
and it was not possible to precisely establish their subtypes. In 10
samples (7%), only the H or the N lineage could be determined (Table 2).
The distribution of subtypes by age categories showed that HlavN2 was

Tree scale: 0.1 +————

the most common subtype in weaning pigs (29/64) while HIThuN2 virus
predominated in suckling piglets and both subtypes were seen in a
similar number of fatteners. The presence of different subtypes co-
circulating in the farm was confirmed in three farms submitting
several specimens on the same date. Our results also showed that pigs
were infected with different subtypes in 4/6 farms suffering repeated
outbreaks of respiratory disease throughout the study.
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Fig. 1. Neighbor-Joining tree for hemagglutinin (HA) nucleotide sequences of IAVs collected from Spanish swine farms in 2020 (marked with *) compared to
representative swine IAV strains, and subtypes contained in the vaccines available in Spain. Only branches having bootstrap support values over 0.23 are represented

in colors different from black.



A.A. Benito et al.
3.2. Sequencing and phylogenetic analysis

The phylogenetic analysis involved a total of 25 H A and 39 NA se-
quences, respectively, which were analyzed separately according to the
subtype. IAV strains belonging to different subtypes segregated into
distinct branches and clustered with porcine strains from Spain and
other countries (Figs. 1 and 2). The nucleotide diversity index for the H1
subtype sequences was Pi = 0.32191, and the mean number of nucleo-
tide differences between all pair of sequences was k = 254.955 in the
815 nucleotides segment conserved in all the isolates, indicating a high
sequence variability. The H1 nucleotide sequences were dispersed into
four different clusters. Four sequences belonging to Hlav subtypes
clustered separately from other Hlav sequences and showed similarity
to the vaccine strain A/swine/Haseluenne/IDT2617/2003 (HIN1) and
the previously described sequence from Spanish swine with GenBank
accession number MN932202. When these four sequences were
removed from the genetic variability analysis, the nucleotide diversity in
the remaining set of sequences reduced to Pi = 0.19194 and k =
152.067. The genetic diversity was noticeably lower among the H3 se-
quences, which clustered closely together and were similar to the H3N2
vaccine strains A/Port Chalmers/1/1973 and A/swine/Bakum/
IDT1769/2003. Specifically, the H3 nucleotide sequences showed an
average pairwise sequence difference per site (Pi) of 0.01712, and the
mean number of nucleotide differences was k = 14.464 in the 845 nu-
cleotides segment obtained for all the isolates. DNAsp analysis for the
NA gene showed greater genetic diversity for the N1 sequences
compared to the N2 sequences. The nucleotide diversity index (Pi) for
N1 was calculated as 0.18978, and the average number of nucleotide
differences between pairs of sequences (k) was found to be 137.022 in
the 722 nucleotides segment conserved in all the isolates. The nucleotide
diversity index (Pi) for N2 was determined to be 0.11729, with an

Tree scale: 0.1 —————i
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average of 161.036 nucleotide differences (k) calculated between pairs
of sequences in a segment of 1373 nucleotides.

3.3. Amino acid composition of antigenic epitopes

A comparison of amino acids identified in the antigenic sites of
hemagglutinin (HA) and neuraminidase (NA) proteins between strains
from this study and IAV strains from the three vaccines licensed in Spain
is presented in Tables S1-S4. No gene sequences are made publicly
available for the vaccine strain A/swine/Olot/1984. The comparison of
39 amino acid residues within six antigenic sites (Sa, Sb, Ca2, Cal, Cb
and Pa) in two circulating H1 strains showed identity with three vaccine
strains at 10 amino acid positions (25.6%) and differences with one or
more of the vaccine strains at 29 amino acid residues (75.3%)
(Matsuzaki et al., 2014). Furthermore, a comparison within five anti-
genic sites (A - E) in two H3 strains revealed identity with two vaccine
strains at 24/49 (49%) amino acid residues but found differences with
one or both vaccine strains at 25/49 (51%) amino acid positions
(Underwood, 1982). Comparing the antigenic amino acid positions re-
ported in N1 and N2 strains by Wan et al. (2015) and Venkatramani et al.
(2006), respectively, revealed that circulating strains exhibited muta-
tions with the vaccine strains at 13/30 (43.3%) and 5/18 (27.8%) amino
acid residues, respectively.

4. Discussion

Influenza A virus (IAV) is one of the most important viral pathogens
in swine herds globally and a major cause of acute respiratory disease
outbreaks in pigs. A number of studies in the last few years have shown
that infections are frequently subclinical, with most farms in Europe
being endemically infected by one or more IAV (Van Reeth and Vincent,
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2019; Li and Robertson, 2021). Results of this study have showed that
infection by IAV is prevalent in Spanish swine farms suffering from
outbreaks of respiratory disease, since almost 20% samples from 23%
farms were reported to be positive using RT-qPCR in a veterinary
diagnostic laboratory. A limitation of the study was related to the
sampling design and the representativeness of results from different age
groups or time intervals, as the samples were directly submitted by
veterinarian surgeons from the farms for diagnostic purposes during
outbreaks of respiratory diseases. Most submissions corresponded to
weaning and specially fattening pigs but IAV infection was much more
common before the fattening period, with one in two and one in three
samples from suckling and weaning pigs testing positive, respectively.
Declining of maternally-derived antibodies has been related to the in-
crease of the circulation of the virus in nurseries although IAV infection
can occur in piglets in the presence of colostral-derived antibodies
against the subtypes circulating in the farm (Simon-Grifé et al., 2012;
Rose et al., 2013). In fact, piglets can be already IAV positive during the
first week of life and have been reported to play a central role in
maintaining influenza infections in breeding herds and spreading IAVs
to other farms if transported to off-site facilities at weaning (Ryt-Hansen
et al., 2019; Garrido-Mantilla et al., 2021).

The percentage of positive samples exhibited fluctuations
throughout the 12-months period of study, although highest rates of
positivity were reported in the hottest months. Previous studies have
assessed the seasonality of influenza in swine using samples submitted to
diagnostic laboratories in different geographical areas; evidence of
seasonal variations of positive IAV submissions was found from some
laboratories but not from others (Ferreira et al., 2018). The current study
was not designed to determine the prevalence of IAV infection and
comparisons with previous surveillance programs is difficult. A
large-scale surveillance study conducted between 2015 and 2018 with
M-gen RT-qPCR in 17 European countries reported high prevalence
values both at animal level (30.5%) and farm level (56.6%), with active
IAV infection being not seasonally restricted (Henritzi et al., 2020). A
more recent cross-sectional study performed with specimens from pigs
aged up to 9 weeks from 12 European countries reported 37.9% samples
from 78.6% farms to be IAV-positive with M gen RT-qPCR, with samples
from weaners aged 4-6 weeks being more likely to be positive compared
to samples from nursery pigs aged 7-9 weeks (Lillie-Jaschniski et al.,
2022). A previous study in Spain has shown that more than 93% farms
have at least one IAV seropositive animal, with more than 62% pigs
being seropositive (Simon-Grifé et al., 2011). Another Spanish study
using RT-qPCR with nasal swabs confirmed the presence of IAVs in
68.7% pig farms suffering respiratory disease outbreaks, with most
positive submissions corresponding to nurseries (36.5%) (Sosa Portugal
et al., 2019).

For subtyping of IAVs, specific primers need to be designed to detect
different gene segments, mainly HA and NA, although efficiency of RT-
qPCR relies heavily upon these specific primers having no mismatches
with target amplicon sequence, with outdated primers resulting in low
test sensitivity (Li and Robertson, 2021). In the RT-qPCR protocol by
Henritzi et al. (2016), which has been widely used in previous epide-
miological surveys, primers were designed specifically for subtyping of
IAV strains circulating in Europe. However, our preliminary sequencing
assays of RT-PCR-amplified fragments of the HA segment in some
specimens suggested that this protocol underestimated the number of
samples allocated to the H3 lineage. In this study, new primers with
higher homology with target regions within the H3 sequences of Spanish
IAVs were designed, and it provided the basis to improve the sensitivity
to detect this lineage. Namely, a total of 30 samples were allocated to
this lineage using the optimized protocol with these newly designed
primers, that also provided a remarkable lower Cq value for the four
samples identified as belonging to the H3 lineage with the protocol by
Henritzi et al. (2016).

The study confirmed the circulation of viruses from the four main HA
subtypes (Hlav, Hl1hu, H1pdm, H3). The estimation of genetic variation
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within the viral populations showed noticeably higher genetic diversity
among the H1 sequences, with the Pi value (average number of pairwise
nucleotide differences per site) being approximately 19 times lower
among the H3 sequences. Hlav was by far the most common lineage,
accounting for over half of 108 fully subtyped specimens (53%), with
subtype HlavN2 being notably dominant over subtype HlavN1 (42%
versus 11%, respectively). HThuN2 was the only subtype reported within
the Hlhu lineage (16%), and pandemic H1 reassortants (H1pdmN2,
H1lpdmN1, HlpdmN1pdm) showed a detection value of 10%. Finally, a
significant proportion of specimens (21%) were identified as H3 viruses,
with subtypes H3N2 and H3N1 occurring in a similar number of sam-
ples. Comparison with the results of a large-scale study in 17 European
countries over a three-year observation period (2015-2108) showed
remarkable differences in the distribution of certain lineages and sub-
types. The surveillance program also reported Hlav to be the most
prevalent lineage in Europe with an overall prevalence of 54.2% at the
farm level. However, subtype HlavN1lav (39.2%) was clearly dominant
over HlavN2, which occurred in only 12.6% farms and was sporadically
reported in Spain (Henritzi et al., 2020). These authors noticed that
subtype HlavN2 was even less detectable in a previous surveillance of
the European network for influenza in pigs (ESNIP3) conducted between
2010 and 2013 (Simon et al., 2014). It is also noteworthy to mention
differences in the frequency of H3 viruses, which were significantly
common in our study (>21%), whereas they were rarely detected (3.9%
at farm level) in the European study by Henritzi et al. (2020), with no
cases found in Spain.

Monitoring the subtypes of IAVs circulating in the swine population
provides valuable information not only for public health surveillance
but also for vaccine selection. Vaccination is the most effective inter-
vention against swine influenza, but protection is significantly impacted
by antigenic mismatches between vaccine and circulating strains in the
HA and, to a lesser extent, NA proteins, especially in inactivated vac-
cines (Sandbulte et al., 2015; Mancera Gracia et al., 2020). Some studies
have shown that amino acid substitutions in the HA are associated with
decreased levels of antibody and immune protection afforded by
vaccination (Smirnov et al., 2004). The vaccines currently licensed in
Spain contain inactivated whole virus of the most common circulating
IAV subtypes in Europe: A/swine/Olot/1984 (HlavN1l), A/Port
Chalmers/1/1973 (H3N2), A/swine/Bakum/IDT1769/2003 (H3N2),
A/swine/Haseluenne/IDT2617/2003 (HIN1), A/swine/Ba-
kum/1832/2000 (H1N2), and A/Jena/VI5258/2009 (HIN1 pdm09).
All samples analyzed in this study were submitted for the diagnosis of
respiratory diseases, and no data about IAV vaccination on the farms
were available, which is a limitation. Moreover, few samples from
suckling piglets and sows were analyzed in this study. Although amino
acid sequence similarity is not always predictive of cross-protection, the
comparison of amino acid residues within antigenic positions between
circulating and vaccine strains has revealed low similarity for both NA
(60-66.6%) and especially HA amino acid residues (33.3-49%). How-
ever, further studies including hemagglutination-inhibition assays or
neutralizing antibody assays could provide additional insights into the
efficacy of commercial vaccines.

5. Conclusion

The results of this study have corroborated that IAVs are prevalent in
Spanish swine farms suffering from outbreaks of respiratory disease,
with infections being most common among suckling and weaning pigs.
Three subtypes (HlavN1, H1huN2 and particularly the major subtype
H1lavN2) accounted for over half of the specimens, although the use of
an optimized protocol with newly designed primers enabled the detec-
tion of a significant number of H3 viruses. The comparison of antigenic
positions between a limited number of circulating strains and vaccine
strains has revealed the presence of substitutions in a significant number
of HA and NA amino acid residues, highlighting the need for more
comprehensive studies to investigate whether these mutations influence
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the level of protection provided by commercial vaccines.
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