RESEARCH LETTERS

This work was funded by the Public Health Agency of
Canada.

About the Author

Dr. Prévost is a postdoctoral research scientist within the
Special Pathogens program at the Public Health Agency
of Canada. His primary research interests include

emerging viral pathogens and the evaluation of medical

countermeasures to treat and prevent them.

References

1.

10.

Goodfellow SM, Nofchissey RA, Schwalm KC, Cook JA,
Dunnum JL, Guo Y, et al. Tracing transmission of Sin
Nombre virus and discovery of infection in multiple rodent
species. ] Virol. 2021;95:0153421. https:/ /doi.org/10.1128/
JV1.01534-21

Ferrés M, Martinez-Valdebenito C, Henriquez C, Marco C,
Angulo J, Barrera A, et al. Viral shedding and viraemia

of Andes virus during acute hantavirus infection: a
prospective study. Lancet Infect Dis. 2024;24:775-82.
https:/ /doi.org/10.1016/51473-3099(24)00142-7

Galeno H, Mora ], Villagra E, Fernandez J, Hernandez J,
Mertz GJ, et al. First human isolate of hantavirus (Andes
virus) in the Americas. Emerg Infect Dis. 2002;8:657-61.
https:/ /doi.org/10.3201/eid0807.010277

Wells RM, Young J, Williams R], Armstrong LR, Busico K,

Khan AS, et al. Hantavirus transmission in the United States.

Emerg Infect Dis. 1997;3:361-5. https:/ /doi.org/10.3201/
€id0303.970314

Warner BM, Dowhanik S, Audet J, Grolla A, Dick D,
Strong JE, et al. Hantavirus cardiopulmonary syndrome in
Canada. Emerg Infect Dis. 2020;26:3020-4. https:/ /doi.org/
10.3201/id2612.202808

Safronetz D, Prescott ], Feldmann F, Haddock E, Rosenke R,
Okumura A, et al. Pathophysiology of hantavirus
pulmonary syndrome in rhesus macaques. Proc Natl

Acad Sci U S A. 2014;111:7114-9. https:/ /doi.org/10.1073/
pnas.1401998111

Warner BM, Stein DR, Griffin BD, Tierney K, Leung A,
Sloan A, et al. Development and characterization of a Sin

Nombre virus transmission model in Peromyscus maniculatus.

Viruses. 2019;11:183. https:/ /doi.org/10.3390/v11020183
Botten J, Mirowsky K, Kusewitt D, Bharadwaj M, Yee ],
Ricci R, et al. Experimental infection model for Sin
Nombre hantavirus in the deer mouse (Peromyscus
maniculatus). Proc Natl Acad Sci U S A. 2000,97:10578-83.
https:/ /doi.org/10.1073/ pnas.180197197

Safronetz D, Prescott J, Haddock E, Scott DP, Feldmann H,
Ebihara H. Hamster-adapted Sin Nombre virus causes
disseminated infection and efficiently replicates in
pulmonary endothelial cells without signs of disease.

J Virol. 2013,87:4778-82. https:/ /doi.org/10.1128/]
VI.03291-12

Safronetz D, Ebihara H, Feldmann H, Hooper JW. The
Syrian hamster model of hantavirus pulmonary syndrome.
Antiviral Res. 2012;95:282-92. https:/ /doi.org/10.1016/
j-antiviral.2012.06.002

Address for correspondence: David Safronetz, National

Microbiology Laboratory, Public Health Agency of Canada,
1015 Arlington St, Winnipeg, MB R3E 3R2, Canada; email:
david.safronetz@phac-aspc.gc.ca

388

Human Infection with Avian
Influenza A(H9N2) Virus,
Vietnam, April 2024

Minh Hang Duong, Thi Ngoc Uyen Phan,
Trung Hieu Nguyen, Ngoc Hien Nhon Ho,
Thu Ngoc Nguyen, Viet Thinh Nguyen,
Minh Thang Cao, Chan Quang Luong,
Vu Thuong Nguyen, Vu Trung Nguyen

Author affiliation: Pasteur Institute in Ho Chi Minh City, Ho Chi
Minh City, Vietnam

DOI: https://doi.org/10.3201/eid3102.241146

In April 2024, Vietnam confirmed its first human case of
influenza A(H9N2) in a 37-year-old man, marking a criti-
cal point in regional infectious disease monitoring and
response. This case underscores the importance of ro-
bust surveillance systems and One Health collaboration
in managing emerging zoonotic threats.

Inﬂuenza A(H9N2) virus is a low-pathogenicity
avian influenza virus endemic in poultry across
the world. The virus presents ongoing zoonotic risk;
according to the GISAID database (https://www.
gisaid.org), 100 human cases were detected since
2010, and the virus’s unique evolutionary trajectory
shows it could cause pandemics (1). The risk for trans-
mission and genetic mixing of avian influenza virus-
es, including HIN2, among wild birds, swine, and
humans highlights the necessity for robust surveil-
lance systems to manage the potential threat of these
influenza viruses (2-4). In Vietnam, HIN2 accounts
for 36% of detected avian influenza viruses (5) and
shares genetic similarities with strains from neigh-
boring countries, particularly China (3,6). Although
human HIN2 cases have been reported in Asia (7,8),
Vietnam had not previously reported a human case
until 2024. The first human case of HON2 influenza
in Vietnam was officially confirmed in April 2024,
marking a significant event in regional surveillance
and response efforts.

A 37-year-old man with a known history of al-
cohol abuse from Tien Giang Province, Vietnam,
experienced fever and cough on March 9, 2024. He
sought medical care on March 16 at a provincial
hospital, where he received a diagnosis of cirrhosis
and was transferred to the Hospital for Tropical Dis-
eases in Ho Chi Minh City, Vietnam, the same day.
Initially, his chest radiograph results were unremark-
able. However, on March 19, he had pneumonia with
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dyspnea, fatigue, and extensive alveolar and inter- initiated, which improved his condition and enabled
stitial damage evident on chest radiograph. He was him to be weaned from the ventilator. He continued
intubated on March 21; osletamivir treatment was treatment in a negative-pressure intensive care unit;
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diagnoses were sepsis, influenza A, invasive fungal
infection, respiratory failure, pulmonary hemor-
rhage, gastrointestinal bleeding, acute kidney injury,
alcohol-related cirrhosis, and a suspected liver tumor.
On May 5, 2024, he was discharged from the hospital
to receive palliative care; he died on May 6, 2024.

The patient had not received influenza or
COVID-19 vaccinations and had no known exposure
to sick or dead poultry. All 15 close contacts, includ-
ing family, neighbors, a driver, and healthcare work-
ers, remained asymptomatic during 24 days of moni-
toring; we did not collect samples from them. His
neighborhood had informal markets for poultry and
other animals, but no avian influenza outbreaks were
reported in the preceding 3 months. Testing geese
from his home 27 days after symptom onset found no
influenza H5 or H9 viruses, whereas 1 sample from
nearby poultry markets tested positive for H5N1 vi-
rus but none for H9 viruses.

At the time of this case, southern Vietnam lacked
surveillance for severe acute respiratory infection,

— —:

and influenza-like illness surveillance was limited to
6 sentinel sites, excluding the hospitals involved in this
study. The patient was enrolled in Pasteur Institute
in Ho Chi Minh City (PIHCM) severe viral pneumo-
nia (SVP) surveillance system, active since 2020, after
developing pneumonia with significant respiratory
symptoms and chest radiograph findings. On April 1,
2024, PIHCM received the patient’s sample, which had
been collected by Hospital for Tropical Diseases on
March 21, 2024. On April 8, we performed real-time re-
verse transcription PCR in accordance with the HIN2
protocol of the Regional Animal Health Office No. 6
Vietnam (RAHO6). The Ct value for H9 was 28.81 and
for N2, 29.6, indicating significant viral presence. The
sample, cultured on MDCK cells from April 5, under-
went whole-genome sequencing from culture passage
2 using MiSeq (https:/ /www.illumina.com) after the
US Centers for Disease Control and Prevention pipe-
line with bioinformatics analysis using the MIRA tool
(https:/ /cdcgov.github.io/MIRA) and MEGA version
11 (https:/ /www.megasoftware.net).
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Figure 2. Phylogenetic tree of the neuraminidase gene of human influenza A(HON2) virus isolated in Vietnam (bold text) and reference
sequences, constructed using the maximum-likelihood method and Tamura-Nei model. The bootstrap consensus tree inferred from
1,000 replicates represents the evolutionary history of the taxa analyzed. Branches corresponding to partitions reproduced in <50%
bootstrap replicates are collapsed. We obtained initial trees for the heuristic search automatically by applying neighbor-joining and BioNJ
algorithms to a matrix of pairwise distances estimated using the Tamura-Nei model and then selecting the topology with superior log
likelihood value. This analysis involved 37 nt sequences; codon positions included were first + second + third + noncoding, for a total

of 1,524 positions in the final dataset. Evolutionary analyses were conducted in MEGA 11 (https://www.megasoftware.net). Scale bar

represents 0.8 nucleotide substitutions per site.
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We conducted phylogenetic analyses of the
viral genes from the sequence we obtained, A/
Vietnam/01194/2024 (GISAID accession no. EPI_
ISL_19290539), using 37 sequences of HIN2 viruses
from the GISAID database that were isolated from
humans and avians in Vietnam and Cambodia, as
well as from other continents. We assessed the reli-
ability of the phylogenetic trees using 1,000 boot-
strap replications. The hemagglutinin gene (ac-
cession no. EPI3464272) clustered with lineage
viruses from HIN2 human cases A/Cambodia/
AHC220057/2022 (accession no. EPI_ISL_17068774)
and A/Cambodia/21020301/2021 (accession no.
EPI_ISL_1697373) (8) (Figure 1). The neuraminidase
gene (accession no. EPI3464270) clustered with hu-
man viruses A/Hong Kong/VM24002346/2024 (ac-
cession no. EPI_ISL_18926219) and A/Environment/
Jiangsu/0114/2021 (accession no. EPI_ISL_2650013),
chicken viruses from RAHO6 A/chicken/Vietnam/
Raho6-185-0778 /2018 (accession no. EPI_ISL_408219)
and  A/chicken/Vietnam/Raho6-Tgl-V2-51/2018
(accession no. EPI_ISL_408283) (Figure 2). The ge-
netic distances between our sequence and other hu-
man and poultry viruses in Asia and America (Figure
2) suggest household poultry as the likely source of
exposure. In addition, our findings highlight the geo-
graphic spread of HIN2 virus.

Moving forward, several key research questions
arise from this case. First, it is crucial to understand the
progression of the disease, particularly the mechanism
by which HIN2 influenza contributed to the worsening
of the patient’s condition, ultimately leading to multi-
organ failure. Second, analyzing samples from close
contacts to determine HIN2 positivity is important
to identify potential human-to-human transmission,
understand transmission dynamics, and guide public
health interventions. Although Vietnam lacks a formal
One Health rapid response team, this case highlighted
the value of cross-sector collaboration. Contributions
from public health and animal health sectors, includ-
ing sequencing expertise and environmental testing,
underscore the need to strengthen One Health partner-
ships for effective surveillance and outbreak response.

This case has also been posted at https:/ /www.cdc.gov/
bird-flu/spotlights/vietham-human-infection.html

and at https:/ /www.who.int/emergencies/
disease-outbreak-news/item/2024-DONb514.
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RNA metagenomic analysis of tissues from 4 wild-caught
northern short-tailed shrews in Alabama, USA, revealed
a novel henipavirus (family Paramyxoviridae). Phyloge-
netic analysis supported the placement of the virus within
the shrew henipavirus clade, related to human-infecting
shrewborne henipaviruses. Our study results highlight the
presence of henipavirus infections in North America.

Henipaviruses (family Paramyxoviridae) are zoo-
notic, negative-sense RNA viruses harbored
primarily by bats. Henipaviruses can cross species
barriers, infecting various mammals, including hu-
mans; they often cause severe respiratory illness and
encephalitis and are associated with high case fatality
rates (1). The 2 most notable henipaviruses are Hen-
dra virus and Nipah virus. Hendra virus, first identi-
fied in Australia, has caused outbreaks with mortality
rates up to 70% (1). Nipah virus has been linked with
numerous outbreaks in Southeast Asia, particularly
in Malaysia and Bangladesh, with case-fatality rates
estimated at 40%-75% (1), depending on surveillance
and clinical management.

In 2018, researchers identified a novel henipavi-
rus, Langya virus (LayV), in patients from China’s
Shandong and Henan Provinces (2). A total of 35 per-
sons were infected with LayV, displaying such symp-
toms as fever, fatigue, and cough and, in some cases,
impaired liver or kidney function. No fatalities have
been reported thus far. Most investigators believe the
primary reservoir host for LayV to be shrews, but the
virus has also been detected in goats and dogs, indi-
cating a wide potential host range.

In 2021, researchers conducting a mammalian lon-
gevity study captured 4 northern short-tailed shrews
(Blarina brevicauda; order: Eulipotyphla, family: Soric-
idae) in the wild at Camp Hill, Auburn, Alabama, USA
(latitude 32.82, longitude —85.65) (3). The collection
process adhered to protocols approved by the Insti-
tutional Animal Care and Use Committee at Auburn
University (PRN 2021-3848). Technicians dissected
and froze skin, heart, kidney, liver, and brain samples
for subsequent analysis. We pulverized the frozen
tissues under liquid nitrogen and subjected them to
RNA extraction using TRIzol Reagent (Thermo Fisher
Scientific, https:/ /www.thermofisher.com). We then
treated the RNA with deoxyribonuclease, purified the
treated sample, and sequenced the RNA by using the
TruSeq Stranded Total RNA RiboZero Gold kit (Illumi-
na, https:/ /www.illumina.com) on an Illumina HiSeq
4000 platform at the New York University Genome
Technology Center (New York, NY, USA). We assem-
bled the generated sequence data by using MEGAHIT
v1.2.9 software (https://github.com/voutcn/mega-
hit) and subjected the data to virus discovery analysis
with BLASTx (https://blast.ncbi.nlm.nih.gov/Blast.
cgi?LINK_LOC=blasthome&PAGE_TYPE=BlastSearc
h&PROGRAM=blastx).

We assembled a single 16,681-16697nt contig
from all virus genomes (220, 221, 217, 218; Genbank
accesson nos. PQ140948-51) containing conserved
Henipavirus genome order N-C/P-M-F-G-L, along
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