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Because swine influenza virus infection is seldom diag-
nosed in humans, its frequency might be underestimated.
We report a immunocompromised hematologic patient with
swine influenza A(H3NZ2) virus in 2014 in ltaly. Local pigs
were the source of this human infection.

igs are considered the “mixing vessel” in which avian,

human, and swine influenza genetic material can be ex-
changed and result in new influenza viruses (/). Zoonotic
influenza A infections in humans caused by swine influenza
viruses (SIVs) have been infrequently reported in Europe
(1,2), even though at least 19% of occupationally exposed
humans, such as pig farmers, slaughterers, and veterinar-
ians, have SIV antibodies (3). However, because the infec-
tion is clinically mild in most cases, its frequency might be
underdiagnosed in humans (4).

Three influenza A subtypes (HIN1, HIN2, and H3N2)
circulate in swine herds in Italy (/). We report a European
swine A(H3N2) influenza virus that occurred in an immu-
nocompromised man in Italy in 2014.

The Study

On January 14,2014, a 67-year-old man with multiple my-
eloma underwent the eighth cycle of chemotherapy at the
Hematology Unit of the Fondazione Istituto Di Ricovero
e Cura a Carattere Scientifico Policlinico San Matteo in
Pavia, Italy. The patient had mild upper respiratory syn-
drome (fever, cough, and cold). A nasal swab sample was
tested by real-time reverse transcription PCR (RT-PCR)
and PCR with a panel for 17 respiratory viruses (3,6). The
clinical specimen was positive for influenza A (6 x 10°
RNA copies/mL). However, attempts to subtype the strain
by using real-time RT-PCR specific for human influenza
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subtypes H1 and H3, as well as avian influenza subtype
H7N9, were unsuccessful.

The clinical sample was inoculated onto a mixed-cell
(Mv1Lu and A549 cells) monolayer. After 48 h incubation,
it scored positive using a monoclonal antibody specific for
influenza A/H3 antigen (Millipore, Billerica, MA, USA).

On January 24, 2014, the influenza virus strain A/Pa-
via/07/2014 was recovered from the supernatant propagated
in MDCK cell culture. An RT-PCR that amplifies all 8 seg-
ments of the influenza A genome was then conducted (7).
The purified amplicons were sequenced by using the BigDye
Terminator v3.1 Cycle Sequencing Kit (Applied Biosys-
tems, Foster City, CA, USA) in a 3130xI Genetic Analyzer
(Applied Biosystems). We BLAST searched the sequences
obtained for closely related sequences in GenBank (http://
blast.ncbi.nlm.nih.gov/Blast.cgi). Partial nucleotide se-
quences of polymerase, nucleoprotein, hemagglutinin
(HA), neuraminidase (NA), matrix, and nonstructural genes
showed swine influenza A(H3N2) virus with an internal
gene belonging to the European SIV lineage.

At a second control visit, on January 29, 2014, the
patient’s nasal swab sample was negative for respiratory
viruses, but cough and cold persisted. No vaccination or
antiviral treatment was administered to the patient before
or during the influenza episode. During January 2014, he
had spent several weeks visiting his relatives on a pig farm
in the province of Lodi (northern Italy) and reported con-
tact with pigs, as well as with his grandson. No respiratory
symptoms had developed in any of his family members
(owners of the pig farm) or in farm co-workers.

On February 6, 2014, the A/Pavia/07/2014 strain was
propagated in embryonated specific pathogen—free chicken
eggs at the Istituto Zooprofilattico Sperimentale della Lom-
bardia ed Emilia Romagna (Brescia, Italy). The sequenc-
es of complete genome segments were obtained with the
MiSeq platform (Illumina, San Diego, CA, USA) as pre-
viously described (8). The data were de novo assembled
on BaseSpace Cloud (Illumina) with the DNAStar appli-
cation and analyzed with the Lasergene package software
(version 10.1.2). We conducted phylogenetic analysis on-
line using PhyML v.3.0 (9) and MEGAS software (10). A
phylogenetic tree of the HA and NA genes confirmed that
the A/Pavia/07/2014 strain was closely related to Euro-
pean A(H3N2) SIV (Figure 1). In addition, phylogenetic
trees constructed with sequences of the polymerase base

"Members of the Influenza Surveillance Study Group who
contributed data are listed at the end of this article.
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Figure 1. Phylogenetic trees of the hemagglutinin (A) and neuraminidase (B) genes of swine influenza viruses (SIVs). The 8 genome
segment sequences of the A/Pavia/07/2014 strain (black dot, in bold) were submitted to GenBank under accession nos. KJ623706—

KJ623713. Scale bars indicate nucleotide substitutions per site.

1, polymerase base 2, polymerase, nucleoprotein, matrix,
and nonstructural genes showed that the A/Pavia/07/2014
strain clustered within the European avian-like SIVs, in-
cluding HIN1, HIN2 and H3N2 subtypes (online Tech-
nical Appendix Figure 1, http://wwwnc.cdc.gov/EID/
article/21/7/14-0981-Techapp1.pdf).

The HA gene of the A/Pavia/07/2014 strain is 567
aa long and has antigenic sites identical to those of SIV
A(H3N2) strains that circulated in swine in Italy dur-
ing 2013 (Figure 2, http://wwwnc.cdc.gov/EID/arti-
cle/21/7/14-0981/F2.htm). In addition, the pattern of A/
Pavia/07/2014 glycosylation sites in the HA is identical to
that in the A/swine/Italy/282811/2013 HA sequence and
different from the human influenza A/Brisbane/10/2007
strain (online Technical Appendix Figure 2).

In December 2013, respiratory symptoms were ob-
served mainly in piglets and weaning pigs on the farm that
the patient visited, a farrow-to-finish pig farm where 400
sows were reared. The various production phases (mating,
gestation, farrowing, nursery, and growing/finishing) were
located in separated buildings. Forty-two nasal swab sam-
ples were collected at the end of January 2014 from pigs at
all production phases. Considering that clinical signs were
observed in piglets and weaning pigs, most samples (30
samples) were collected from weaning pigs. Influenza A
real-time RT-PCR yielded negative results, probably be-
cause samples were collected =2 months after clinical signs
appeared. Serologic investigations were performed on 29
serum samples from sows of different ages in mid-May that
were collected within a national monitoring plan for Aujesz-
ky disease. Samples were tested by hemagglutination-
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inhibition test according to standard procedures (/2) by
using A/Pavia/07/2014 and the reference SIVs A/swine/
CA/3633/84 H3N2, A/swine/Italy/1521/98 HIN2, and A/
swine/Finistere/2899/82 as antigens. Two-fold serum di-
lutions were tested starting at 1:20. All animals showed
antibodies against H3 (137.16 geometric mean vs. A/Pa-
via/07/2014 and 84.2 vs. A/swine/CA/3633/84), whereas
15 of 29 serum samples that originated from the oldest
animals also yielded positive results for A(HIN1) SIV. No
antibodies against A(HIN2) SIV were detected.

Conclusions

The swine influenza A(H3N2) viruses present in Europe
since 1984 resulted from a genomic reassortment between
human-like swine H3N2 viruses and avian-like swine
HINI viruses (/3). Until 2011, only 3 episodes of SIV
H3N2 infection had been reported in the Netherlands and
Switzerland (/,2). Recently, in 2011 the emergence of a
new SIV H3N2 variant was reported in the United States
that had limited person-to-person transmission (/4). Here
we report a case of SIV H3N2 infection in a human host
in January 2014 in Italy. In this patient, the presence of an
uncommon influenza strain was suspected after the failure
of molecular typing in the presence of high influenza load.
The SIV strain identified here correlated with strains circu-
lating in pigs during the 2013—14 influenza season in Italy.
In addition, serologic results on pig serum collected from a
farm close to the patient’s home suggested a recent expo-
sure with an H3N2 strain similar to the A/Pavia/07/2014
isolate. These virologic and serologic data suggest that lo-
cal pigs were the source of human infection.
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In agreement with previous observations (/,2), the Eu-
ropean H3N2 swine viruses seem to cause a benign disease
with mild influenza-like symptoms in humans. In addition,
the SIV strain we identified was found only in an immu-
nocompromised patient. The uncomplicated clinical course
might not be uncommon in immunocompromised patients.
Indeed, in 2 epidemiologically correlated immunocompro-
mised patients, the emergence of human influenza H3N2-
resistant strains was associated with opposite clinical out-
comes: | patient had mild upper respiratory syndrome; the
other died of severe acute respiratory distress syndrome
(15). On the other hand, on the basis of the observation
that none of the patient’s family members and co-workers
showed respiratory infection, we can hypothesize that im-
mune impairment of the patient could have favored the
zoonotic transmission of the SIV strain. Surveillance of
circulating SIVs and monitoring of occupationally exposed
workers are 2 important tools to prevent spread of potential
pandemic viruses.
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Technical Appendix Figure 1. Phylogenetic tree based on the polymerase base (PB) 1, PB2
polymerase (PA), nucleoprotein (NP), matrix (M), and nonstructural (NS) gene gene sequences
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A Strain: A/Brisbane/10/2007 (H3N2)

MKTIIALSYILCLVFTQKLPGNDNSTATLCLGHHAVPNGTIVKTITNDQIEVTNATELVQSSSTGEICDSPHQILDGENC 80
TLIDALLGDPQCDGFQNKKWDLFVERSKAYSNCYPYDVPDYASLRSLVASSGTLEFNNE SFNWTGVTQNGTSSACIRRSN 160
NSFFSRLNWLTHLKFKY PALNVTMPNNEKFDKLY IWGVHHPVTDNNQIFLYAQASGRITVSTKRSQQTVIPNIGSRPRVR 240
NIPSRISIYWTIVKPGDILLINSTGNLIAPRGYFKIRSGKSSIMRSDAPIGKCNSECITPNGSIPNDKPFQNVNRITYGA 320
CPRYVKQNTLKLATGMRNVPEKQTRGIFGAIAGFIENGWEGMVDGWY GFRHQNSEGIGQAADLKSTQAATIDQINGKLNRL 400
IGKTNEKFHQIEKEFSEVEGRIQDLEKYVEDTKIDLWSYNAELLVALENQHTIDLTDSEMNKLFEKTKKQLRENAEDMGN 480
GCFKIYHKCDNACIGSIRNGTYDHDVYRDEALNNRFQIKGVELKSGYKDWILWISFAISCFLLCVALLGFIMWACQKGNI 560
RCNICI

....................... S PP PTG | 80
............................................................. N......N.o.......... 160
.................... Nt ittt it ittt e ettt ettt ittt e e e 240
..................... ) . 320
................................................................................ 400
................................................................................ 480
.................. P 560
...... 640

SegName Position Potential Jury N-Glyc
agreement result

A/Brisbane/10/2007 (H3N2) 24 NSTA 0.8060 (9/9) +++
A/Brisbane/10/2007 (H3N2) 38 NGTI 0.6976 (9/9) ++
A/Brisbane/10/2007 (H3N2) 54 NATE 0.4993 (3/9) -
A/Brisbane/10/2007 (H3N2) 79 NCTL 0.7092 (9/9) ++
A/Brisbane/10/2007 (H3N2) 138 NESF 0.4296 (7/9) -
A/Brisbane/10/2007 (H3N2) 142 NWTG 0.5240 (6/9) +
A/Brisbane/10/2007 (H3N2) 149 NGTS 0.6570 (9/9) ++
A/Brisbane/10/2007 (H3N2) 160 NNSF 0.4724 (7/9) -
A/Brisbane/10/2007 (H3N2) 181 NvTM 0.8151 (9/9) +++
A/Brisbane/10/2007 (H3N2) 262 NSTG 0.5879 (7/9) +
A/Brisbane/10/2007 (H3N2) 301 NGSI 0.6719 (9/9) ++
A/Brisbane/10/2007 (H3N2) 499 NGTY 0.5203 (8/9) +

MetHGluc 1.8: predicted H-glucosylation sites in A-Brisbane-18-2887-H3NZ-HA
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B Strain: A/Pavia/07/2014 (H3N2)
MKTVIALSYVFCLVFGQDFPGKGNNTATLCLGHHAVPNGTLVKTITDDQIEVTNATELVQNFSMGKICKNPHRILDGANC
TLIDSLLGDPHCDGFQNEKWDLFIERSRAFSNCYPYDVPEYTSLRSLIASSGTLEFTNENFNWTGVTONGGSSACKRGPN
NSFFSRLNWLYKSGNTYPMLNVTMPNSDDFDKLY IWGVHHPSTDREQTNLY IQASGKIIVSTKRSQOTIIPNIGSRPWVR
GLSSRISIYWTIVRKPGDILIINSNGNLIAPRGYFKIQTGKSSVMKSDAPIGTCNSECITPNGSIPNDRPFQNVNRITYGA
CPHYIKQSTLKLATGMRNIPERQTRGIFGAIAGFIENGWEGMVNGWYGFRHONSEGIGQAADLKSTQAATNQINGKLNRV
IEKTNEKFHQIEKEFSEVEGRIQDLERYVEDTKIDLWSYNAELLVALENQHTIDLTDSEMNKLFEKTRKQLRENAEDMGN
GCFKIYHKCDNSCMESIRNGTYDHNEYRDEAVNNRFQIKSVELKSGYKDWILWISFAISCFLLCTIWMGFIIWACQKGNI

RCNICI

....................... o L . ]
............................................................. . P
.................... N o i ittt ettt e e i e e e e
............................................................ 3
.................. e
(Threshold=0.5)
SeqName Position Potential Jury N-Glyc
agreement result
A/Pavia/07/2014 (H3N2) 24 NNTA 0.7412 (9/9) ++
A/Pavia/07/2014 (H3N2) 38 NGTL 0.7046 (9/9) ++
A/Pavia/07/2014 (H3N2) 54 NATE 0.4940 (3/9) -
A/Pavia/07/2014 (H3N2) 61 NFSM 0.5011 (5/9) +
A/Pavia/07/2014 (H3N2) 79 NCTL 0.6842 (9/9) ++
A/Pavia/07/2014 (H3N2) 142 NWTG 0.6148 (8/9) +
A/Pavia/07/2014 (H3N2) 160 NNSF 0.4433 (7/9) -
A/Pavia/07/2014 (H3N2) 181 NVTM 0.7646 (9/9) +++
A/Pavia/07/2014 (H3N2) 301 NGSI 0.6674 (9/9) ++
A/Pavia/07/2014 (H3N2) 499 NGTY 0.6270 (9/9) ++
Potential
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C Strain: A/Swine/Italy/282811/2013 (H3N2)
MKTVIALSYVFCLVFGQDFPGKGNNTATLCLGHHAVPNGTLVKTITDDQIEVINATELVQNFSMGKICKNPHRILDGANC
TLIDSLLGDPHCDGFQNEKWDLFIERSRAFSNCYPYDVPEYTSLRSLIASSGTLEFTNENFNWTGVTQNGGSSACKRGPN
NSFFSRLNWLYKSGNTYPMLNVTMPNSDDFDKLY INGVHHPSTDREQTNLY IQASGKIIVSTKRSQQTIIPNIGSRPWVR
GLSSRISIYWTIVRPGDILIINSNGNLIAPRGYFKIQTGKSSVMKSDAPIGTCNSECITPNGSIPNDKPFONVNRITYGA
CPHYIKQNTLKLATGMRNIPERQTRGIFGATAGFIENGWEGMVNGWYGFRHQONSEGIGQAADLKSTQAAINQINGKLNRY
IEKTNEKFHQIEKEFSEVEGRIQDLERYVEDTKIDLWSYNAELLVALENQHTIDLTDSEMNKLFEKTRKQLRENAEDMGN
GCFKIYHKCDNSCMESIRNGTYDHNEYRDEAVNNRFQIKSVELKSGYKDWILWISFAMSCFLLCAIWMGFIIWACQKGNI

RCNICI

....................... N.............N.... ... i N oo . .N
............................................................. Nt
.................... Ho ittt iosasesasasasasasasasassotososobosossbonessotsssasana
............................................................ N. .. i
.................. P
(Threshold=0.5)

SegName Position Potential Jury N-Glyc

agreement result

A/Swine/Italy/282811/2013(H3N2) 24 NNTA 0.7412 (9/9) et
A/Swine/Italy/282811/2013(H3N2) 38 NGTL 0.7046 (9/9) +4+
A/Swine/Italy/282811/2013(H3N2) 54 NATE 0.4939 (3/9)
A/Swine/Italy/282811/2013(H3N2) 61 NFSM 0.5013 (5/9) +
A/Swine/Italy/282811/2013(H3N2) 79 NCTL 0.6842 (9/9) ++
A/Swine/Italy/282811/2013(H3N2) 142 NWTG 0.6148 (8/9) +
A/Swine/Italy/282811/2013(H3N2) 160 NNSF  0.4433 (7/9) -
A/Swine/Italy/282811/2013(H3N2) 181 NVIM 0.7647 (9/9) +4+
A/Swine/Italy/282811/2013(H3N2) 301 NGSI 0.6673 (9/9) L
A/Swine/Italy/282811/2013(H3N2) 499 NGTY 0.6271 (9/9) ++
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Technical Appendix Figure 2. N-glycosylation predictions for the hemagglutinin proteins of the
A/Brishane/10/2007(H3N2) (A), A/Pavia/07/2014(H3N2) (B), and A/Swine/Italy/282811/2013(H3N2)
(C) influenza strains. Predictions were made by using the NetNGlyc 1.0 server available online
(http://lwww.cbs.dtu.dk/services/NetNGlyc/). Asn-Xaa-Ser/Thr sequons in the sequence output are

highlighted in blue. Asparagines predicted to be N-glycosylated are highlighted in red.
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