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Several zoonotic influenza A viruses detected in humans
contain genes derived from avian HON2 subtypes. We
uncovered a Eurasian avian-like H1N1 swine influenza
virus with polymerase basic 1 and matrix gene segments
derived from the HON2 subtype, suggesting that HON2
viruses are infecting pigs and reassorting with swine in-
fluenza viruses in China.

wine are regarded as a mixing vessel for influ-
enza A viruses (IAVs) (1). Avian, swine, and
human IAVs can co-infect pigs and generate nov-
el reassortants of zoonotic or pandemic potential.

"These authors contributed equally to this article.

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 28, No. 7, July 2022

RESEARCH LETTERS

The emergence of pandemic HIN1 IAV (pHIN1),
containing viral segments from avian, swine, and
human viruses, highlighted the key role of pigs in
contributing to IAV reassortment and evolution (2).
Research in China also showed evidence of avian
H5, H7, H9, and H10 influenza infections in pigs
(3). Avian IAVs linked to human infection in this
region contained internal genes derived from avian
HON2 viruses, indicating that the internal genes of
the HON2 virus might aid zoonotic transmission
(4). We report detection of a swine IAV with poly-
merase basic (PB) 1 and matrix (M) gene segments
of avian H9N2 origin.

In April 2021, we resumed monthly influenza
surveillance program of imported pigs in a local
slaughterhouse, which had been interrupted by
COVID-19 outbreaks (5). We collected individual
nasal swab samples (=75 samples per visit), which
we kept chilled in virus transport medium until
they reached the laboratory. We then subjected
swab samples to IAV isolation by using MDCK
cells, as previously described (2). We identified cul-
tures with cytopathic effect and tested them using
a standard hemagglutination assay with turkey red
blood cells. We tested hemagglutination-positive
cultures with a universal influenza reverse tran-
scription PCR assay specific for M segments (6). We
studied samples that were positive for this reaction
by using next-generation sequencing to deduce the
full virus genomes (6).

During April 2021-February 2022, we collected
a total of 829 porcine nasal swab samples (Table).
We isolated 8 IAVs: 7 from August 2021 and 1 from
September 2021. Virus sequences deduced from
this study are available from GISAID (isolate nos.
EPI_ISL_12471293-300). We compared those se-
quences with reference sequences (Appendix Table,
https:/ /wwwnc.cdc.gov/EID/article/28/7/22-
0642-Appl.pdf). IAVs detected in August 2021
were H3N2 viruses. The hemagglutinin (HA) and
neuraminidase (NA) segments of those viruses
were associated with human-like H3N2 swine in-
fluenza A virus; however, their internal gene seg-
ments all were derived from the pHINI lineage
(Figure; Appendix Figures 1-6). These viruses were
genetically not identical but highly similar. The
influenza-positive pigs came from farms located
in 2 provinces across southern China. Because this
slaughterhouse followed a daily clearance policy
requiring that all imported live pigs be slaughtered
within 24 hours of admittance, our results suggest
influenza transmission between pigs in the pre-
slaughter transport chain outside Hong Kong. This
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Table. Swine influenza viruses detected in imported pigs, China, April 2021—February 2022

Year and month No. nasal swabs

No. virus isolates Isolation rate, %

2021
Apr 60 0 0
May 75 0 0
Jun 75 0 0
Jul 75 0 0
Aug 75 7* 9.3
Sep 75 1t 1.3
Oct 79 0 0
Nov 85 0 0
Dec 80 0 0

2022
Jan 75 0 0
Feb 75 0 0

Total 829 8 0.97

*All H3N2; pigs were imported from 2 provinces in southern China.
1H1N1, pig was from imported from a province in southern China.

H3N2 genotype was previously detected in pigs
from Guangxi, China (7).

The swine HIN1 IAV that we isolated in Sep-
tember 2021, A/swine/HK/NS419/2021, a reas-
sortant between multiple swine influenza lineages
(Figure; Appendix Figures 1-6). The PB1 and M
gene segments of this virus are of avian HIN2 virus
subtype. This virus contains PB2, polymerase acidic,
and NP gene segments derived from the pH1N1 lin-
eage. Its HA and NA gene segments are of Eurasian
avian-like HIN1 lineage, and its nonstructural gene
segment is of a triple reassortant lineage. We further
purified the isolated virus by using plaque assays to
exclude the possibility of a mixed infection. We con-
firmed that all plaque-purified viral clones had an
identical genotype.

The A/swine/HK/NS419/2021 isolate fea-
tured a PB1 gene segment of SH/F/98-like lineage
and an M gene segment of Gl-like HIN2 lineage
(Figure). Similar PB1 and M sequences have been
detected in zoonotic viruses in humans (Figure),
PB1 in H1I0N8 and M in H7N9, but we did not find
mutations known for mammalian host adaptation
in these 2 segments. The encoded proteins of the
PB1 and M gene segments that we isolated featured
amino acid sequences rarely observed in mamma-
lian and avian IAVs, including H9 (PB1, 97K, 156N,
397V, 535V, 6881, and 704T; M1, 311 and 46V; and
M2, 25S). We could not determine whether these
were random or adaptive mutations. The PB1 seg-
ment of avian HIN2 is highly compatible to other
polymerase genes from mammalian IAVs (§8). Such
results suggest the need for further characteriza-
tion of these mutations, particularly those in the
PB1 gene.

A recent report in China discussed mul-
tiple Eurasian avian-like HIN1 swine influenza
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reassortants with internal genes derived from
pHIN1 and triple reassortant lineages (9). One
group of these reassortants (genotype 4) displayed
a genotype similar to A/swine/HK/NS419/2021,
the only exception being that the virus’s PB1 and M
gene segments were of pH1N1 lineage. That report
showed that genotype 4 Eurasian avian-like swine
IAVs can bind to human sialic acid receptors (i.e.,
a2,3), enabling efficient virus replication in human
airway epithelial cells, and achieve efficient aerosol
transmission in ferrets (9). Serologic surveillance
further showed that 10% of studied swine work-
ers were positive for the genotype 4 reassortant (9).
Our own sequence analyses suggest that some of
the genotype 4 viruses and our Eurasian avian-like
H1N1 viruses might share a common ancestry (e.g.,
A/swine/Shandong/1207/2016; Appendix Fig-
ures 1-6). Further risk assessment on the pandem-
ic potential of this genotype and its reassortants
is needed (10).

In summary, many zoonotic IAVs in humans
have genes derived from HIN2 subtypes. Our results
suggest that avian HON2 IAVs are infecting swine
and reassorting with swine IAVs, which indicates the
need for continued monitoring of swine IAVs in both
China and outlying regions.
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Infectious Diseases, National Institutes of Health, US
Department of Health and Human Services, under con-
tract no. 75N93021C00016 by grants from the National
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the Research Grants Council of Hong Kong theme-based
research schemes (T11-712/19-N) and Research Grants
Council of Hong Kong (GRF 17110920) grants from
Hong Kong.
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Figure. Phylogenetic tree of polymerase basic 1 (A) and matrix (B) gene sequences of swine influenza viruses from China and
reference sequences. Bold indicates human H7N9 and H10N8 sequences. Viral sequences generated in this study (black circles) and
those downloaded from public domains (Appendix Table, https://wwwnc.cdc.gov/ElD/article/28/7/22-0642-App1.pdf) were aligned by
using Muscle version 3.8 (http://www.drive5.com/muscle). Phylogenetic trees were constructed by IQ-TREE 1.6.12 (http://www.igtree.

org) by using the generalized time reversible plus gamma model. Major animal viral lineages are as shown. Bootstrap values 280% are
shown. Scale bar indicates estimated genetic distance.
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We describe persistent circulation of SARS-CoV-2 Alpha
variant in an immunosuppressed patient in France during
February 2022. The virus had a new pattern of mutation
accumulation. The ongoing circulation of previous vari-
ants of concern could lead to reemergence of variants
with the potential to propagate future waves of infection.

mmunosuppressed patients can have prolonged

SARS-CoV-2 infection (1). Studies have reported
the occurrence and selection of multiple mutations
in the spike glycoprotein sequence in immunosup-
pressed patients with persistent SARS-CoV-2 infec-
tions (2-6). To date, intrahost mutations have been
described essentially in the ancestral wild-type
SARS-CoV-2 virus (3,5-8), especially during pro-
longed infection with variants of concern (VOCs)
(9). Additional SARS-CoV-2 mutations in immuno-
compromised persons could enable increased virus
transmissibility and immune evasion, shaping the
emergence of new VOCs. We describe a new muta-
tion accumulation pattern in SARS-CoV-2 Alpha vi-
rus in an immunosuppressed patient.

An 84-year-old woman with evolutive mantle
cell lymphoma who was receiving maintenance
rituximab and lenalidomide treatment was admitted
to the hospital on May 17, 2021. She had asthenia,
fever, and hypoxia (93% oxygen saturation). At ad-
mission (day 0), she tested positive for SARS-CoV-2
RNA (Figure). She had received 2 vaccine doses 84
and 66 days before admission. She did not have re-
spiratory symptoms, but a chest computed tomog-
raphy scan showed ground-glass opacities in her
lungs. The patient was hospitalized and treated with
corticosteroids for 10 days. She tested SARS-CoV-2-
positive again on August 26, day 101 after her initial
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