High Prevalence of Influenza D
Virus Infection in Swine,
Northern Ireland
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We detected influenza D virus in multiple swine herds
in Northern Ireland. Whole-genome sequencing showed
several circulating genotypes and novel mutations in the
receptor-binding site and esterase domains of the hem-
agglutinin-esterase fusion protein. Transmission routes
of influenza D virus to swine remain to be clarified but
could be direct or indirect.

attle are the main reservoir of influenza D virus

(IDV) worldwide, although the virus is occasion-
ally detected in other species, including swine (1).
In Europe, surveillance for IDV in swine has either
failed to detect the virus by molecular methods or
detected the virus at low prevalence, at <5.6% at the
herd level (2). Cattle in Northern Ireland have previ-
ously tested positive for IDV (3). Here, we describe
detection of IDV in multiple swine herds from North-
ern Ireland and report on the genetic characterization
of the swine-origin IDV strains.

The Study

Veterinarians visited 17 swine breeding units, com-
posed of a mixture of farrow-to-wean and farrow-
to-finish operations, during January-May 2023.
The farms were involved in an ongoing regional
control program for porcine reproductive and re-
spiratory syndrome virus (PRRSV) that targeted
10- to 12-week-old pigs according to the PRRSV
testing  algorithm  (https://www.cafre.ac.uk/
wp-content/uploads/2023/10/ Area-Regional-
Control-Final-Report.pdf) for growing pigs. In
addition to serum samples for PRRSV testing, 30
nasal swab samples per unit were obtained from
the same cohort of growing pigs and tested for
the presence of influenza A virus (IAV) and IDV
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by real-time reverse transcription PCR (rRT-PCR),
as previously described (4,5). Serum samples were
sent to a commercial diagnostics company (aCare
Lab, https://acarelab.com) for determination of
PRRSV status by rRT-PCR and open reading frame
5 gene sequencing. Farms were sampled on 1 oc-
casion, except for farm 2170, which was originally
sampled in February and resampled in May at the
request of the farmer because of a deteriorating
clinical situation.

Samples from 7 units (41.2% of herds) tested
positive for IDV and had sample positivity of 10%-
93% (Figure 1, panel A). Farm 2170 tested positive
for IDV at both timepoints. Associated rRT-PCR
cycle thresholds ranged from 17.4 to 36.9 (median
28.0) (Figure 1, panel B). The highest rates of sample
positivity were 93% for farm 2163 and 50% for farm
2170; the lowest average cycle thresholds were 28.4
for farm 2163 and 25.1 for farm 2170. Four of 7 IDV-
positive farms were also positive for IAV, and 3 of
7 were positive for a field strain of PRRSV (Table).
Although clinical signs such as coughing and fever
were not recorded at the time of sampling, we ret-
rospectively asked producers whose farms tested
positive for IDV about the clinical situation on the
farm. Three farms (2160, 2163, 2170) reported in-
creased death and slow growth, 3 (2155, 2156, 2166)
reported no overt clinical signs, and no response
was received from 1 farm (2179) (Table). A follow-
up investigation with the attending veterinarians
revealed that 5 of the positive farms (2160, 2163,
2168, 2170, 2179) also kept cattle, whereas 2 farms
(2155, 2156) were swine-only farms. Cattle grazed
in pastures adjacent to the IDV-positive swine-
only units, and >1 worker on each swine unit also
worked on the nearby cattle farms. Five of the IDV-
positive units were located in a swine-dense re-
gion, within a 5.5-km radius (2160, 2163, 2168, 2156,
2170), whereas 2 farms were outside that region: 29

1023


http://www.cdc.gov/eid
https://www.cafre.ac.uk/wp-content/uploads/2023/10/Area-Regional-Control-Final-Report.pdf
https://www.cafre.ac.uk/wp-content/uploads/2023/10/Area-Regional-Control-Final-Report.pdf
https://www.cafre.ac.uk/wp-content/uploads/2023/10/Area-Regional-Control-Final-Report.pdf
https://acarelab.com/
https://doi.org/10.3201/eid3105.241948

DISPATCHES

100+

% rRT-PCR B>

Figure 1. Molecular detection of
influenza D virus (IDV) infection
in swine, Northern Ireland.

A) Percentage of nasal swab
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RNA by rRT-PCR. B) Plot of
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km to the southwest (farm 2155) and 78 km to the
southeast (farm 2179) (Figure 1, panel C; Appendix,
https:/ /wwwnc.cdc.gov/EID/article/31/5/24-
1948-Appl.pdf).

We compared hemagglutinin-esterase fusion
(HEF) amino acid sequences from swine-origin IDV
from Northern Ireland with cattle isolate D/bovine/
Northern_Ireland /24280/2017 and noted the sub-
stitutions (Figure 2). We used amino acid number-
ing, as previously described, after removal of the
first 16 N-terminal residues (6). We determined the
degree of conservation at each substituted position

by alignment of all 169 publicly available sequences
(Appendix).

We mapped the location of the amino acid substi-
tutions in the HEF protein structure onto a homology
model of D/bovine/Northern_Ireland/24280/2017
HEF (Figure 3). Swine-origin strains differed from
the bovine sequence at 5 positions around the re-
ceptor binding site. Of those positions, 3 were at
highly conserved positions: G194R/K, 1270M, and
K276R. We only detected substitutions at 270 and
276 in samples from farm 2160, whereas we detected
G194R/K in samples from 3 farms (2156, 2163, 2170).

Table. Co-infection status, clinical signs, and links to cattle of sampled farms showing high prevalence of influenza D virus infection in

swine, Northern Ireland*

IDV PRRSYV status
Farm no. Farm type IAV status (type) status (strain) Clinical signs Multispecies farm
2155 Farrow-to-finish Negative Positive Negative None Cattle graze beside unit, and
1 worker works on cattle
farm
2156 Farrow-to-finish Positive (untyped) Positive Negative None Cattle graze beside unit, and
1 worker works on cattle
farm
2157 Farrow-to-finish Inconclusive Negative Negative Unknown No cattle
2158 Farrow-to-wean Negative Negative Negative Unknown Extended family keeps cattle
2159 Farrow-to-finish Negative Negative Inconclusive Unknown Dairy cattle on farm
2160 Farrow-to-finish Positive (H1N2) Positive  Positive (field strain)  Death and Unspecified cattle on farm
slow growth
2161 Farrow-to-finish Negative Negative Positive (field strain) Unknown Extended family keeps cattle
2162 Farrow-to-finish Positive (pH1N1) Negative Negative Unknown Dairy cattle on farm
2163 Farrow-to-wean Negative Positive  Positive (field strain) ~ Death and Unspecified cattle on farm
slow growth
2164 Farrow-to-finish Inconclusive Negative Positive (field strain) Unknown No cattle
2167 Farrow-to-finish Positive (untyped) Negative Positive (field strain) Unknown Beef cattle on farm
2168 Farrow-to-finish Negative Positive Negative None Unspecified cattle on farm
2169 Farrow-to-finish Negative Negative Negative Unknown Beef cattle on farm
2170 Farrow-to-wean Positive (H1N2) Positive  Positive (field strain)  Death and Unspecified cattle on farm
slow growth
2171 Farrow-to-finish Negative Negative Negative Unknown Dairy cattle on farm
2172 Farrow-to-finish Negative Negative Negative Unknown Beef cattle on farm
2179 Farrow-to-finish Positive (untyped) Positive Negative Unknown Unspecified cattle on farm

*IAV, influenza A virus; IDV, influenza D virus; PRRSV, porcine reproductive and respiratory syndrome virus.
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Swine-origin strains also differed from the bovine
sequence at 2 positions around the esterase domain
at the highly conserved positions A68V and A324S.
We only detected substitutions at 68 in samples from
farm 2163, whereas we detected A324S in samples
from 3 farms (2160, 2168, 2179).

Conclusions

Interspecies transmission from cattle, followed by
some host adaptation and intraspecies spread, most
likely initiates swine infection by IDV (7,8). Previous
detection of IDV in swine have been associated with
sample positivity rates mostly <1% (2). Combined
with the low prevalence of IDV at the herd level, that
positivity rate suggests intraspecies transmission is
limited in swine.

The organization of the agricultural sector in
Northern Ireland may partly explain the high preva-
lence of IDV shown in our study. Multispecies farms
containing both cattle and pigs are common and in-
crease the likelihood of multiple IDV spillover events
from cattle reservoirs. Indeed, phylogenetic analy-
sis of swine-origin IDV in Northern Ireland identi-
fied several distinct genotypes, supporting the idea
of repeated introductions from cattle (Appendix).

Influenza D Virus in Swine, Northern Ireland

However, the high rate of sample positivity observed
on some farms is indicative of efficient pig-to-pig
transmission. Furthermore, the continued detection
of IDV on 1 farm (2170), 3 months after the initial de-
tection, may represent continuous circulation of the
virus within the herd. Those findings provide prelimi-
nary evidence for efficient adaptation of IDV to swine
hosts and establishment within those populations. In
addition, our data suggest that spread between farms
might be a factor contributing to the high herd-level
prevalence observed. The close genetic relatedness of
some IDV strains isolated from both neighboring and
geographically distant farms may indicate both local
(direct) and long-distance (indirect) spread. Although
common sources of indirect spread such as contami-
nated service vehicles should be considered, we must
also consider cattle movements as a possible source of
spread between swine units.

The molecular basis of IDV host adaptation has
yet to be determined but likely includes changes that
affect receptor binding. The receptor binding site in
the IDV HEF protein is in a shallow cavity surrounded
by secondary structure elements from the 170, 190,
and 270 loops and the 230 helix (6). Substitutions in
those secondary structure elements have the potential
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Figure 2. Amino acid substitutions in swine-origin influenza D virus HEF protein relative to bovine-origin influenza D virus, Northern
Ireland. Changes relative to the bovine-origin sequence are displayed. Amino acid nhumbering is according to Song et al. (6).
Substitutions occurring at the receptor-binding site and esterase are highlighted with red text on a blue background. Sequence
conservation at each position is indicated by logo generated at WeblLogo (https://weblogo.berkeley.edu/logo.cgi) (bottom) on the basis of
alignment of 169 influenza D virus sequences. HEF, hemagglutinin-esterase fusion; NI, Northern Ireland.
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Figure 3. Locations of amino
acid substitutions in swine-origin
influenza D virus HEF protein
structure, for high prevalence

of influenza D virus infection

in swine, Northern Ireland. A)
Homology model of D/bovine/
Northern_lIreland/24280/2017
hemagglutinin-esterase fusion
protein generated with Swiss-
Model (https://swissmodel.
expasy.org) by using the structure
of D/swine/Oklahoma/1334/2011
(https://doi.org/10.2210/pdb5e64/
pdb) as a template. B) Close-up

of receptor-binding site. C) Close-
up of esterase. Homology model
was annotated in ChimeraX
version 1.8 (https://www.cgl.ucsf.
edu/chimerax). Blue indicates
receptor-binding site (F127,
T171, A172, S173, W185, F229,
Y231, T239, F240, V273, V275,
F297) and esterase (S57, G85,
N117, R326, D356, H359)
residues. Pink indicates
residues substituted in swine-
origin isolates.

to modify receptor binding activity. For example, the
open channel between the 230 helix and 270 loop is
thought to enable broad cell tropism of IDV. Substitu-
tions in those elements in the related influenza C virus
HEF close that channel and restrict broad cell tropism
(6). Candidate swine adaptations A236V and R268K
have been previously identified after likely cattle-to-
pig transmission (7), and L100F was observed after
experimental infection of swine with a bovine-origin
IDV isolate (9). In our study, we identified several ad-
ditional candidates in both the receptor binding site
and esterase. Of particular interest is mutation of G194
to a basic residue (R or K). Sequences from farms with
the highest sample positivity rates (2163 and 2170) con-
tained that mutation, and phylogenetic analysis indi-
cated that strains from those farms were only distantly
related and therefore seem to have independently con-
verged on that adaptation. However, multiple routes
to swine adaptation for IDV are likely, and alternative
substitutions, such as the 270-273-276 triplet and the
esterase changes at positions 68 and 324, should be ex-
amined further. Researchers should validate the pro-
posed swine adaptive mutations, including receptor
binding analysis and experimental transmission stud-
ies. Transmission routes of IDV to swine remain to be
clarified but could be direct (e.g., contact with infected
cattle) or indirect (e.g., contaminated vehicles).

1026

Acknowledgments
We thank the swine producers and veterinarians from
Northern Ireland for their support.

About the Author

Dr. Lemon is a researcher in the Mammalian Virology
Unit at the Agri-Food and Bioscience Institute in Northern
Ireland. His research interests include the molecular
epidemiology of animal influenza viruses.

References

1. Kwasnik M, Rola J, Rozek W. Influenza D in domestic and
wild animals. Viruses. 2023;15:2433. https:/ /doi.org/
10.3390/v15122433

2. Gaudino M, Chiapponi C, Moreno A, Zohari S,
O’Donovan T, Quinless E, et al. Evolutionary and temporal
dynamics of emerging influenza D virus in Europe (2009-22).
Virus Evol. 2022;8:veac081. https:/ /doi.org/10.1093/ve/
veac081

3. Dane H, Duffy C, Guelbenzu M, Hause B, Fee S, Forster F,
et al. Detection of influenza D virus in bovine respiratory
disease samples, UK. Transbound Emerg Dis. 2019;66:2184-7.
https:/ /doi.org/10.1111/ tbed.13273

4. Hause BM, Ducatez M, Collin EA, Ran Z, Liu R, Sheng Z,
et al. Isolation of a novel swine influenza virus from
Oklahoma in 2011 which is distantly related to human
influenza C viruses. PLoS Pathog. 2013;9:e1003176.
https:/ /doi.org/10.1371/journal.ppat.1003176

5. Lagan P, Hamil M, Cull S, Hanrahan A, Wregor RM,
Lemon K. Swine influenza A virus infection dynamics and

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 31, No. 5, May 2025


http://www.cdc.gov/eid
https://doi.org/10.3390/v15122433
https://doi.org/10.3390/v15122433
https://doi.org/10.1093/ve/veac081
https://doi.org/10.1093/ve/veac081
https://doi.org/10.1111/tbed.13273
https://doi.org/10.1371/journal.ppat.1003176
https://swissmodel.expasy.org
https://swissmodel.expasy.org
https://doi.org/10.2210/pdb5e64/pdb
https://doi.org/10.2210/pdb5e64/pdb
https://www.cgl.ucsf.edu/chimerax
https://www.cgl.ucsf.edu/chimerax

evolution in intensive pig production systems. Virus Evol.
2024;10:veae017. https:/ /doi.org/10.1093/ve/veae017

6. Song H, QiJ, Khedri Z, Diaz S, Yu H, Chen X, et al. An open
receptor-binding cavity of hemagglutinin-esterase-fusion 9.
glycoprotein from newly identified influenza D virus: basis
for its broad cell tropism. PLoS Pathog. 2016;12:e1005411.
https:/ /doi.org/10.1371/journal.ppat. 1005411

7. Gorin S, Richard G, Hervé S, Eveno E, Blanchard Y,

Influenza D Virus in Swine, Northern Ireland

Jardin A, et al. Characterization of influenza D virus

reassortant strain in swine from mixed pig and beef farm,
France. Emerg Infect Dis. 2024;30:1672-6. https:/ /doi.org/

10.3201/eid3008.240089

8. Kaplan BS, Falkenberg S, Dassanayake R, Neill ],
Velayudhan B, Li F, et al. Virus strain influenced the

interspecies transmission of influenza D virus between
calves and pigs. Transbound Emerg Dis. 2021;68:3396-404.
https://doi.org/10.1111/tbed.13943

Gorin S, Richard G, Quéguiner S, Chastagner A, Barbier N,
Deblanc C, et al. Pathogenesis, transmission, and
within-host evolution of bovine-origin influenza D virus
in pigs. Transbound Emerg Dis. 2024;2024:9009051.

https:/ /doi.org/10.1155/2024 /9009051

Address for correspondence: Ken Lemon, Veterinary Sciences
Division, Agri-Food and Biosciences Institute, Stormont
Stoney Road, Belfast BT4 3SD, Northern Ireland; email:
kenneth.lemon@afbini.gov.uk

February 2025

Vaccine-Preventable Diseases

e Two Human Cases of Fatal
Meningoencephalitis Associated with
Potosi and Lone Star Virus Infections,
United States, 2020-2023

* National Surveillance of Human
Ehrlichiosis Caused by Ehrlichia
ewingii, United States, 2013-2021

e Streptococcus pyogenes emm Type
3.93 Emergence, the Netherlands
and England

o Short-Lived Neutralizing Antibody
Responses to Monkeypox Virus in
Smallpox Vaccine—Naive Persons after
JYNNEOS Vaccination

® Prions in Muscles of Cervids with
Chronic Wasting Disease, Norway

¢ Respiratory Shedding of Infectious
SARS-CoV-2 Omicron XBB.1.41.1
Lineage among Captive White-Tailed
Deer, Texas, USA

e Sudan Virus Persistence in Immune-
Privileged Organs of Nonhuman
Primate Survivors

¢ Contribution of Limited Molecular
Testing to Low Ehrlichiosis Diagnosis
in High Incidence Area,
North Carolina, USA

e Infection by Tickborne Bacterium
Candidatus Midichloria Associated
with First Trimester Pregnancy Loss,
Tennessee, USA

¢ Global Epidemiology of Outbreaks of
Unknown Cause Identified by
Open-Source Intelligence, 2020-2022

e Seoul Virus Infection and Subsequent
Guillain-Barré Syndrome in Traveler
Returning to France from Kenya, 2022

¢ Two Human Infections with Diverse
Europe-1 Crimean-Congo Hemor-
rhagic Fever Virus Strains, North
Macedonia, 2024

e Comparison of Contemporary and
Historic Highly Pathogenic Avian
Influenza A(H5N1) Virus Replication
in Human Lung Organoids

¢ Diphtheria Toxin—Producing
Corynebacterium ramonii in Inner-
City Population, Vancouver, British
Columbia, Canada, 2019-2023

® Bacteremia and Community-Acquired
Pneumonia Caused by Pantoea
stewartii Subspecies indologenes,
Australia

e Acute Q Fever Patients Requiring In-
tensive Care Unit Support in Tropical
Australia, 2015-2023

¢ Dengue and Other Arbovirus Infec-
tions among Schoolchildren, Haiti,
2021

e Cyclospora Genotypic Variations
and Associated Epidemiologic
Characteristics, United States,
2018-2021

® Borrelia spielmanii—Associated
Neuroborreliosis in Patient Receiving
Rituximab, Belgium

¢ Detection of Chronic Wasting Disease
Prions in Raw, Processed, and Cooked
Elk Meat, Texas, USA

® Qutbreak of Serotype 1 Invasive
Pneumococcal Disease, Kibera Urban
Informal Settlement, Nairobi, Kenya,
2023

¢ Bjerkandera adusta Fungi as
Causative Agent of Invasive Chronic
Rhinosinusitis

EMERGING
INFECTIOUS DISEASES

Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 31, No. 5, May 2025

To revisit the February 2025 issue, go to:

https://wwwnc.cdc.gov/eid/articles/issue/31/2/table-of-contents

1027


http://www.cdc.gov/eid
https://doi.org/10.1093/ve/veae017
https://doi.org/10.1371/journal.ppat.1005411
https://doi.org/10.3201/eid3008.240089
https://doi.org/10.3201/eid3008.240089
https://doi.org/10.1111/tbed.13943
https://doi.org/10.1155/2024/9009051
mailto:kenneth.lemon@afbini.gov.uk

