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Abstract: Increased evidence suggests that cattle are the primary host of Influenza D virus
(IDV) and may contribute to respiratory disease in this species. The aim of this study was
to detect and characterise IDV in the Swedish cattle population using archived respiratory
samples. This retrospective study comprised a collection of a total 1763 samples collected
between 1 January 2021 and 30 June 2024. The samples were screened for IDV and other
respiratory pathogens using real-time reverse transcription quantitative PCR (rRT-qPCR).
Fifty-one IDV-positive samples were identified, with a mean cycle threshold (Ct) value of
27 (range: 15-37). Individual samples with a Ct value of <30 for IDV RNA were further
analysed by deep sequencing. Phylogenetic analysis was performed by the maximum
likelihood estimation method on the whole IDV genome sequence from 16 samples. The
IDV strains collected in 2021 (n = 7) belonged to the D/OK clade, whereas samples from
2023 (n = 4) and 2024 (n = 5) consisted of reassortants between the D/OK and D /660 clades,
for the PB2 gene. This study reports the first detection of IDV in Swedish cattle and the
circulation of D/OK and reassortant D/OK-D/660 in this population.

Keywords: influenza D virus; cattle; bovine; PCR; Sweden; co-infection; phylogeny; sequencing;
reassortment

1. Introduction

In 2011, a virus similar to influenza C was identified in pigs with respiratory symptoms
in the USA [1]. Due to its distinct genetic profile and lack of cross-reactivity with influenza
C, it was reclassified as a new genus, now recognised as influenza D virus (IDV).

IDV can infect and transmit across several species, with cattle identified as the primary
host. The presence of IDV in both healthy and sick animals suggests limited virulence
in cattle [2,3]. However, metagenomic studies have implicated IDV in bovine respiratory
disease (BRD) [4,5]. While experimental intranasal infections in calves have induced mild
lesions in the respiratory tract, co-infections with Mycoplasma bovis have resulted in more
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severe lesions and clinical signs, suggesting a potential role of IDV as a co-pathogen in
BRD [6].

Despite the limited or null virulence of IDV reported in other animal species to date,
there is still reason to be concerned about the potential role of IDV in humans as a zoonotic
disease. Several studies have shown the presence of IDV antibodies in human sera, with a
wide range of positivity among different geographical and professional populations [7-9].
In Florida, a seroprevalence of 97% was reported among cattle workers, compared to
18% among individuals without cattle contact, while in Italy, 46% of serum samples were
IDV antibody-positive by HI assay in 2014 [7,9]. In addition to serological tests, IDV has
been detected once in a bioaerosol from a hospital and in an airport, and in vitro studies
demonstrate the ability of IDV to replicate in human respiratory epithelial cells and also to
infect and transmit in ferrets, mice, and guinea pigs, which are common models used to
study influenza infection in humans [1,10-14].

The virulence potential of influenza viruses is strongly linked to genetic characteristics
allowing spreading between different hosts. Since their discovery, IDV strains have been
divided based on the hemagglutinin-esterase fusion (HEF) gene into four major lineages.
In Europe, two major lineages have been detected so far, D/OK and D /660 [15]. In 2022,
Gaudino et al. demonstrated that the HEF glycoprotein of IDV has a significantly higher
nucleotide substitution rate compared to the HEF of human influenza C virus, suggesting
the possibility for reassortment and the emergence of new strains [15]. Genetic reassortant
patterns in IDV, comprising gene segments from both D/OK and D/660, have previously
been observed in Italy, USA, Canada, and France [16-19].

Previously in Sweden, the circulation of IDV was indicated by the detection of IDV-
specific antibodies in 282 out of 799 (35%) bulk milk samples from Swedish dairy farms, but
the IDV strains circulating in the cattle population were not detected or phylogenetically
characterised [20]. This study aimed to screen respiratory samples collected from cattle
with respiratory signs by IDV real-time reverse transcription quantitative PCR (RT-qPCR),
to determine the presence of IDV in sampled animals and to perform a phylogenetic char-
acterisation to improve the understanding of the evolutionary dynamics of IDV in Sweden.

2. Materials and Methods

A total of 1763 respiratory samples collected from bovine clinical cases exhibiting
respiratory signs were retrospectively analysed for the presence of IDV. These samples,
submitted to the Swedish Veterinary Agency between 1 January 2021, and 30 June 2024,
consisted of lung tissue and individual or pooled nasal swabs, with each pool containing
samples from up to five animals. Samples were collected in 248, 258, 248, and 239 herds in
2021, 2022, 2023, and 2024, respectively. The farms were geographically spread through the
whole country and were located in 172 municipalities from the Overtorned Municipality
(66°23'17" N 23°39'13" E) in the North to the Trelleborg Municipality (55°22" N 13°10’ E) in
the Southern part of the country. The samples were initially screened for a range of the most
common respiratory pathogens, including bovine coronavirus (BCoV), bovine respiratory
syncytial virus (BRSV), bovine parainfluenza virus type 3, Mycoplasma bovis, Pasteurella
multocida, Histophilus somni, and Mannheimia haemolytica, as part of routine diagnostics and
veterinary care investigation and stored at —80 °C until tested for IDV. If IDV was detected
in any pooled samples, a confirmatory PCR test was performed on individual samples
from that pool. This step not only reconfirmed the presence of IDV, but also determined
the extent of positive animals among that pool. Positive samples for IDV were then used
for phylogenetic analysis.

RNA was extracted using the IndiMag Pathogen Kit (INDICAL Bioscience, Leipzig,
Germany). For each extraction, 200 pL of the sample and 20 pL of proteinase K were
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transferred to a Deep Well-96 plate, followed by the addition of 500 pL of lysate mix,
prepared according to the manufacturer’s instructions. The extraction process was carried
out using a Maelstrom-9600 (TANBead, Taoyuan City, Taiwan) extraction robot. The
presence of IDV was detected using RT-qPCR, targeting the NP gene of IDV, as previously
described [21]. Positive samples were retested in triplicate using a second RT-qPCR assay
targeting the polymerase gene of influenza D viruses to confirm the results [1]. IDV-RNA-
positive samples with Ct values <30 were selected for whole-genome sequencing. These
samples underwent metagenomic next-generation sequencing using the Illumina MiSeq
instrument (Illumina Inc., San Diego, CA, USA). Library construction was performed with
the NEXTERA-XT kit (Illumina Inc., San Diego, CA, USA), according to the manufacturer’s
instructions. The quality of the libraries was assessed using the Agilent 2100 Bioanalyzer
(Agilent Technologies, Santa Clara, CA, USA). Sequencing was conducted on a MiSeq
instrument using a MiSeq Reagent Kit v3 in a 600-cycle paired-end run. The generated data
were analysed with CLC Genomics Workbench v21 (CLC bio, Aarhus, Denmark).

Phylogenetic trees were constructed for each gene segment using relevant nucleotide
sequences from GenBank. Blast homology searches were performed to retrieve the top
100 homologous sequences for the sequenced gene segments. Phylogenetic analysis was
conducted using the maximum likelihood method implemented in MEGA7: Molecular Evo-
lutionary Genetics Analysis version 7.0.26. The robustness of the ML trees was evaluated
by bootstrap analysis with 2000 replicates.

Choropleth maps showing Sweden with the positive municipalities and regions were

created by using the R version 4.4.1.

3. Results

A total of 51 animals were positive for IDV. Of these, 36 positive samples were identi-
fied during the 2020-2021 influenza season (1st of October—30th of September), while the
remaining 15 were detected during the 2023-2024 season (Figure 1). The mean Ct value for
IDV-positive samples was 27, with a range from 15 to 37.
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Figure 1. Number of tested and positive samples from 2021 to 2024, categorised by influenza seasons
(October-September). Positive samples were detected during the 2020-2021 and 2023-2024 seasons.
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Positive samples were collected from 14 different farms, 9 of which were fattening
farms (Table 1). Regarding the age distribution, 38/51 (75%) positive samples were from
calves younger than 16 weeks (Table 1).

Table 1. Laboratory results and sample information, including farm production type, sample type,
and age of sampled calves. F = fattening farm, S = suckler cow, and D = dairy farm n.d = no data.
NS = Nasal swabs and Lung= lung tissue. W = Week, Y = year. The results are presented as the Pos
(+) and Neg (—) of the corresponding RT-qPCR for IDV.

. Number of Numbef Pf
Farm ID Production Type Sample Type Age Group Tested Animals IDV-I.’OSItlve
Animals
1 F NS 36w 4 4
2 S NS ly 4 4
3 F NS 12-14 w 4 4
NS 35w 3 3
NS 8-28 w 3 3
NS 4w 4 4
NS 8w 3 3
NS 4w 3 3
4 F NS 812w 3 1
5 n.d NS n.d 1 1
6 F NS 28w 1 1
7 F NS n.d 4 2
8 F NS 414w 4 4
9 Fand S Ns 49w 1 1
10 D NS 2-6w 4 4
11 n.d NS n.d 1 1
12 F NS 4-14w 3 3
13 n.d Lung 4y 1 1
14 F NS 8-l6w 4 4

Among the 51 samples that tested positive for IDV, only one animal was likely single
infected with IDV, while the remaining 50 showed co-infections with at least two other
pathogens from the respiratory panel. Specifically, P. multocida was the most common
bacteria, detected in 45 IDV-positive samples (88%), whereas BCoV was the most common
virus, detected in 31 IDV-positive samples (60%, Table S1). Regarding the simultaneous
detection of several viruses, nine samples were positive for IDV, BCoV, and PIV-3, eight
samples were positive for IDV, BCoV, and BRSV, and six samples were positive for IDV,
BRSV, and PIV-3.

In 2021, positive samples were detected in six municipalities: Mjolby, Falkoping,
Mellerud, Vanersborg, Kristinehamn, and Gotland. In 2023, Tomelilla and Klippan were
the only two municipalities with positive samples. However, in 2024, the number increased
again, with positive samples detected in four different municipalities: Gotland, Varberg,
Klippan, and Sjobo (Figure 2).

Phylogenetic analysis of the seven gene segments of IDV revealed distinct patterns.
Strains collected in 2021 (n = 7) clustered within the D/OK lineage. In contrast, strains
collected in 2023-2024 (n = 9) were reassortants between the D/OK and D /660 lineages.
Specifically, gene segment 1, which encodes the PB2 protein, clustered within the D/660
lineage (Figure 3), while the rest of the gene segments remained within the D/OK gene
pool (Figure S1).
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Figure 2. Choropleth maps showing municipalities with positive samples (in red) from 2021 to 2024.
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Figure 3. Phylogenetic trees of Influenza D virus collected in Sweden. The trees illustrate the
relationships of the gene segments encoding the HEF and PB2 proteins with reference strains from
the D/OK and D/660 lineages. Strains collected analysed based on HEF protein analysis clustered
within the D/OK lineage. However, samples collected in 2023 and 2024 showed reassortment, with
genetic material from both the D/OK and D/660 lineages, specifically with gene segment 1 clustering
within the D/660 lineage.
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4. Discussion

In this study, we confirmed the presence of IDV by detecting the virus genome in
samples from animals with respiratory disease and identified two genetic variants of
influenza D viruses among cattle in Sweden. The viruses circulating in 2021 had their
complete genome constructed of segments of the D/OK lineage gene pool, while segment 1
(Polymerase Basic 2-PB2 gene) of the detected viruses in the 20232024 season belonged to
the D/660 lineage gene pool, representing a novel genotype and reassortants between the
D/OK and D/660 lineages. The low detection rate suggests that IDV is not a major health
concern in Swedish cattle production. Regarding age and based on our results, it seems
that IDV follows the same pattern as other respiratory pathogens, being predominantly
detected in calves younger than 4 months. This coincides with the time when maternal
antibodies have decreased and calves are exposed to stressors [22]. The higher detection
rate of positive calves in fattening farms may be linked to common conditions in this type
of production, such as the mixing of calves from different farms, transportation stress,
changes in diet, new housing environment, and high animal density.

Only 1 out of 51 IDV-positive animals was found to be single infected with IDV,
whereas the remaining 50 were positive for at least two other pathogens from the respiratory
panel. Several of the detected bacteria are part of the normal nasal flora and may not
contribute to clinical signs. This underscores the challenges in distinguishing between
commensal presence and pathogenic impact and highlights the limitation in the use of
the molecular detection of pathogens in nasal secretions for diagnostics. Several studies
have identified IDV in nasal swabs of asymptomatic animals, suggesting that subclinical
infections are common. While much research on BRD focuses on interactions between
viruses and bacteria, our findings indicate that co-infections involving multiple established
respiratory viruses are also common. This aspect of BRD has been relatively understudied,
and our results emphasise the need for further investigation into the implications of such
viral interactions.

While a more extended study period is needed to assess the possibility of a cyclic or
“wave-like” pattern, the detection of positive animals during the colder months of 2021
and 2023/2024 suggests some degree of seasonality or annual occurrence, similarly to
what has been observed in several influenza studies, including those on IDV [7,23-25].
In this study; it is challenging to distinguish between the effects of the winter season on
immune status and the increased presence of the virus. During winter, when temperatures
drop and daylight is limited, especially in a country like Sweden, several factors could
contribute to the higher detection rates. The use of indoor housing systems, more common
in colder seasons, likely increases viral transmission due to closer animal proximity, reduced
ventilation, and increased viral survival in the environment [26].

The discrepancy between the prevalence of IDV antibodies in the previous serological
study and the limited detection of the pathogen by RT-qPCR in the present study may be
due to the use of different approaches (indirect vs. direct virus detection), different sample
types (bulk milk vs. respiratory samples), and differences in the study population (cows
vs. calves). Bulk milk reflects the antibody status of the adult cow population, the group
with the longest pathogen exposure on a dairy farm. Although the duration of antibody
responses against IDV is not well defined, it is reasonable to assume that IDV-specific
antibodies can remain detectable for several years, as was demonstrated for IAV virus in
humans and BRSV in cattle [27-29]. In addition, limited information is available regarding
the persistence or clearance of IDV in different tissues and samples. Based on three studies
with experimental infections, the clinical signs of IDV are mild and peak between 5 and
8 days post-infection (dpi) [6,30,31]. In one of these studies, Ferguson et al. demonstrated
that at 4 dpi, IDV RNA was present in both the upper and lower respiratory tracts of
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infected calves, but by 6 dpi, it was only detected in nasal tissue [31]. Moreover, Lion et al.
reported that five out of five animals infected with IDV tested positive in nasal swabs at
8 dpi, but only two out of those five were positive at 10 dpi, and only one was at 12 dpi [30].
These results suggest that the detection window for IDV in the respiratory tract is very short.
It is important to note that these studies involved experimental infections, where the viral
load and the direct induction of the infection in the upper respiratory tract were probably
different than under natural field conditions. The inability to detect mild clinical signs,
combined with delays in sampling until more severe clinical signs, likely due to secondary
infections, could explain the limited detection of animals infected with IDV. The detection
of positive samples in 2021, followed by their re-emergence in 2023-2024, might serve as an
example of the infection-immunity-reinfection model that can explain the cyclic pattern of
IDV. After an IDV outbreak, a significant portion of the population likely develops a partial
and temporary immunity, which reduces the viral circulation in the following years. As this
immunity declines or new susceptible individuals are introduced into the population, the
risk of viral re-emergence increases, facilitating the viral return. Sweden is characterised by
a lower cattle density and higher biosecurity standards compared to other countries, which
help to limit and prevent the introduction and spread of various pathogens [32].

Monitoring the genetic characteristics of IDV is crucial for tracking viral variation
and understanding its impact on the clinical expression of infections, as well as tissue and
animal species tropism. Phylogenetic analysis of the sequenced samples revealed that IDV
strains collected in 2021 belonged to the D/OK lineage, whereas the sequenced samples
from 2023 consisted of reassortants between the D/OK and D/660 lineages. Although a
limited number of strains were identified, this suggests an ongoing genetic reassortment
and evolution of the virus in the Swedish cattle population. Similar results have been
observed in Denmark, where a shift in the circulating IDV lineage from D/OK to D/660
has been detected in recent years [33]. This shift is particularly significant when discussing
influenza viruses because, in the case of IDV, it has been shown that the D/OK and D /660
lineages do not generate a fully cross-reactive immune response [16,34]. Although it is
difficult to predict the exact impact of the PB2 gene reassortment, this could significantly
influence the behaviour and epidemiology of the virus, potentially altering its replication
and hence its virulence and transmission dynamics [35,36].

Given the current understanding of the role of IDV in bovine respiratory disease, it
would be recommended to include IDV in routine diagnostic respiratory panels. This would
provide opportunities to follow the prevalence and virulence, gain a more comprehensive
insight into the respiratory disease complex of cattle, and improve disease management
strategies in the field.

In conclusion, although IDV currently appears to have a limited impact on cattle
health in Sweden, its potential role as a co-pathogen and the ongoing genetic evolution
highlights the need for continued surveillance.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/v17010017/s1, Table S1. Results of the laboratory analyses.
Samples of nasal swabs (nasal swabs-NS, pooled nasal swabs-pNS-each pool containing three to
five individual samples) and lung tissue. The production type is F = Fattening farm, S = Suckler cow
and D = Dairy farm. Positive results of pooled and individual samples are presented as the Pos/Neg
of the corresponding PCR; BCoV = Bovine Coronavirus, BRSV = Bovine Respiratory Syncitia virus,
PIV-3 = Bovine Parainfluenza 3, M.Bovis = Mycoplasma Bovis, P. multocida = Pasturella multocida,
M. haem = Mannheimia haemolytica, H.somnia = Histophilus somni, IDV = Influenza D virus,
Pos. = positive qPCR result, Neg. = Negative qPCR. Table S2. Accession Number for the Sequenced
Strain. Figure S1. Phylogenetic trees illustrating the relationships of the gene segments encoding
the PB1, P3, NP, P42, and NS proteins with reference strains from the D/OK and D/660 lineages.
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Figure S2. Philogenetic trees illustrate the relationships of the gene segments encoding the HEF and
PB2 proteins with reference strains from the D/OK and D/660 lineages.
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