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Detection of Clade 2.3.4.4b Avian Influenza
A(H5N8) Virus in Cambodia, 2021

Appendix 1

Materials and Methods

Sample Collection and Screening

We collected tracheal, cloacal, and environmental samples (August 2017-December
2021) from ducks and chickens as described previously (/). We extracted viral RNA by using the
QIAamp Viral RNA Mini Kit (QIAGEN, https://www.qiagen.com) in accordance with the
manufacturer’s protocol. We screened all samples by real-time reverse transcription PCR (RT-
PCR) of the matrix protein gene and then by using H5 HA-specific primers, as previously
described (2). We propagated matrix gene-positive samples, if there was sufficient sample and
high virus concentration (RT-PCR Ct<30), in 10-day-old embryonated chicken eggs for virus
isolation. We tested original isolates for all known subtypes of avian influenza virus by using

influenza multiplex RT-PCR.

Genome Sequencing

We amplified whole genomes of influenza A viruses from Cambodia by using custom
Unil2/Inf-1 and Unil3/Inf-1 barcoded primers (3), kindly provided by Peter Thielen, and SSIII
One-step RT-PCR with Platinum Taq High Fidelity kit (Thermo Fisher Scientific,
https://www.thermofisher.com). We prepared sequencing libraries by using a ligation sequencing
kit (Oxford Nanopore Technologies, https://www.nanoporetech.com). Samples were sequenced
by using the GridION platform (Oxford Nanopore Technologies). We then demultiplexed,
quality trimmed, and filtered sequencing reads by using Porechop software
(https://www.github.com/rrwick/Porechop). We deposited a total of 159 gene segment sequences

obtained from 20 influenza A viruses in GenBank under accession numbers ON716288—446.

To generate the consensus sequence, IRMA (Integrated Resource Management

Applications, https://irma.nps.gov/Portal) was run with default settings. We manually inspected
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consensus sequences for errors, such as insertion-deletion mutations and mixed bases, and
corrected if required. We used a minimum 100-bp cutoff for depth coverage for all gene
segments. The average per sample depth was 46,800 reads (minimum, 6,000; maximum,
150,000; median, 30,000) and the average per gene depth was 38,000 reads (minimum, 13,000;
maximum, 86,000; median, 39,000). Several (4 out of 20) randomly selected viruses underwent
resequencing by the World Health Organization Collaboration Center in Melbourne, Australia,
for confirmation and quality control. Sequences that were problematic at the multibasic cleavage
site were confirmed by using Sanger sequencing at Macrogen (https://www.macrogen.com). A
positive control (A/H3N2) and several negative controls were included at each step of the

sequencing protocol.

Phylogenetic Analysis

We used metadata from Nextstrain (4) (accessed on 2022 Jan 19) to prepare subsets of
HPAIV H5 HA sequences, which were downloaded from the GISAID database (5)
(https://www.gisaid.org, accessed on 2022 Jan 19). We downloaded all available N6 and N8
subtype neuraminidase sequences and genes encoding internal proteins of all HSNx subtype
viruses from GISAID and GenBank. For each of the internal gene datasets, we added the top 10
BLAST matches from GISAID and GenBank that were closest to the HSNx sequences from
Cambodia. We excluded duplicate (according to strain name), laboratory-derived, mixed
subtype, and low coverage (<90% of full length) sequences from downstream analysis. We
aligned sequences with MAFFT v.7.490 (6) and constructed phylogenetic trees by using the best-
fit nucleotide substitution model in IQ-TREE v.2.1.4 (7). We visualized and annotated the trees

by using FigTree v.1.4.4 (http://tree.bio.ed.ac.uk/software/figtree).

Hemagglutinin Inhibition Assays

We conducted hemagglutinin inhibition (HI) assays according to standard methods (7).
We treated serum samples with a receptor-destroying enzyme and conducted erythrocyte
adsorption before HI testing. In brief, 1 volume of heat-treated serum sample was added to 4
volumes of receptor-destroying enzyme (APHA Scientific, http://apha.defra.gov.uk/apha-
scientific/index.htm). We incubated the resulting solution for 16 h at 37°C before heat-
inactivation at 56°C for 1 h. We added packed erythrocytes from specific pathogen-free chickens
at a ratio of 1:5 (erythrocyte:serum), incubated at room temperature for 30 min, centrifuged at

1000 xg, and transferred the supernatant to a clean tube. We performed the HI assay at 4°C by
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using 4 hemagglutinating units of the indicated H5 HPAIV strains as antigens, ferret antiserum
against the reference virus, and chicken erythrocytes. We serially diluted serum samples 2-fold
for HI assays starting at a dilution of 1:4 and tested the samples in duplicate. We included control
wells for each sample to test for nonspecific hemagglutination, and positive antiserum and
negative control serum (taken from specific pathogen-free chickens) were also tested for each

assay.

Data Availability

Code and accession numbers are available at https://github.com/vjlab/cambodia-H5NS.
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Appendix Table 1. Influenza A virus H5Nx subtypes isolated from live bird markets and sequenced in study of clade 2.3.4.4b avian
influenza A(H5N8) virus detected in Cambodia, 2017-2021*

Subtype H5NXx viruses detected

(H5 HA clade) 2017 2018 2019 2020 2021 Total

H5N1 (2.3.2.1c) 12 19 33 9 12 85

H5N2 (2.32.1c) 0 1 1 0 0 2
H5N6 (2.3.4.4h) 0 3 1 1 0 5
H5N6 (2.3.4.49) O 0 0 10 0 10
H5N8 (2.3.4.4b) O 0 0 0 5 5
Totals 12 23 35 20 17 110

*H, hemagglutinin; HA, hemagglutinin; N, neuraminidase.

Appendix Table 2. Amino acid mutations in HA from avian influenza A(H5N6) clade 2.3.4.4g viruses detected in Cambodia, 2021*

HA amino acid positiont
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*Blank cells indicate no mutation. HA, hemagglutinin.

TH5N6 HA segments were compared to the reference strain A/chicken/Vietnam/Raho4-Cd-20-421/2020. Amino acids were numbered according to
the hemagglutinin H3 numbering system.

FCandidate vaccine virus (GISAID accession: EPI_ISL_1379443).

Appendix Table 3. Amino acid mutations in HA from avian influenza A(H5N6) clade 2.3.4.4h viruses detected in Cambodia, 2021*

HA amino acid positiont

H5 clade 2.3.4.4h strain 10 41 60 92 125 142 166 187 192 202 214 222 242 450 536
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*Blank cells indicate no mutation. HA, hemagglutinin.

TH5N6 HA segments were compared to the reference strain A/Guangdong/18SF020/2018. Amino acids were numbered according to the
hemagglutinin H3 numbering system.

FCandidate vaccine virus (GISAID accession no. EPI_ISL_337274).
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Appendix Figure 1. Phylogenetic analysis of different genes of avian influenza A(H5N8) viruses detected
in Cambodia. Phylogenies were constructed using the maximum-likelihood method. Recent clade
2.3.4.4b isolates from Cambodia are in red font. Scale bars indicate nucleotide substitutions per site. MP,
matrix protein; NA, neuraminidase; NP, nucleoprotein; NS, nonstructural; PA, polymerase acidic; PB1,

polymerase basic 1; PB2, polymerase basic 2.
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Appendix Figure 2. Phylogenetic analysis of different genes of avian influenza A(H5NG6) viruses detected

in Cambodia. Phylogenies were constructed using the maximum-likelihood method. Recent clade
2.3.4.4g (purple font) and 2.3.4.4h (blue font) isolates from Cambodia are shown. Scale bars indicate

nucleotide substitutions per site. MP, matrix protein; NA, neuraminidase; NP, nucleoprotein; NS,

nonstructural; PA, polymerase acidic; PB1, polymerase basic 1; PB2, polymerase basic 2.
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Appendix Figure 3. Phylogenetic analysis of the hemagglutinin gene of clade 2.3.4.4 viruses generated
using the maximum-likelihood method. Recent isolates from Cambodia are in red font. Scale bar indicates

nucleotide substitutions per site.
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Appendix Figure 4. Phylogenetic analysis of hemagglutinin genes from avian influenza subtype H5NG in

study of clade 2.3.4.4 avian influenza viruses detected in Cambodia. Dendograms were constructed using

maximum-likelihood phylogeny and show phylogeny of avian influenza A(H5NG) clade 2.3.4.4g isolates

from Cambodia. Recent isolates from Cambodia are in blue font and amino acid mutations are indicated

at select nodes. Candidate vaccine viruses used as reference viruses are in bold font. Closed circles

indicate cases of human infection with avian H5N6 clade 2.3.4.4g viruses. Scale bar indicates nucleotide

substitutions per site.

Page 8 of 9



Alcommon_gull/Saratov/1676/2018(H5NS)
Alchicken/Nghe_An/27VTC/2018(H5N6)
Alchicken/Nghe_An/01VTC/2018(H5N6)
—— A/duck/Nghe_An/1693VTC/2020|(H5N6)
—— AJduck/Nghe_An/14528VTC/2020(HSN6)
Almuscovy_duck/Long_An/Al470/2018(H5N6)
— A/muscovy_duck/Vietnam/LBM1101/2018(H5N6)
{4_AlGuangxi132797I2018(H5N6)
Alduck/Thanh_Hoa/1180VTC/2020(HSNG)

Alduck/Cambodia/c18MKAP211/2018(H5N6)
Alduck/Cambodia/c18MKAP214/2018(HSNSG)
Alduck/Cambodia/c18MKAP189/2018(HSNS)

V214M, K450R

V4M, K142T, M166K ™. _
N92S, V202!
V60I, Q142K, T192A 1.

et

Uv'v'€'C °peo

o o roass, || o AchickenCambodialcdT241C17T2018(HENe
. D41N, R125S, | Lo AiGuangxi/31906/2018(H5NS)
AIGEY, eceh, A;gg‘\;\ Alduck/China/Ba/2019(HSNG)
1o Alduck/Cambodiale10T241C18/2020(H5N6)
VSF | @duclehinaleow(HSNs)
~ L Alduck/China/B8I2019(HSNG)
.{ Alenv/iGuangdong/Zhongshan/C182870234/2018(H5N6)

AlGuangdong/18SF020/2018-09-30(H5N6)
AlGuangdong/18SF020/2018(H5N6)

A/Anhui/2021-00011/2020(H5NG)
[:NChongqingIOOO1312021(H5N6)
AlenviGuangdong/Zhanjiang/C17277335/2017(H5NG)

0.003

Appendix Figure 5. Phylogenetic analysis of hemagglutinin genes from avian influenza subtype H5NG6 in
study of clade 2.3.4.4 avian influenza viruses detected in Cambodia. Dendograms were constructed using
maximum-likelihood phylogeny and show phylogeny of avian influenza A(H5N6) clade 2.3.4.4h isolates
from Cambodia. Recent isolates from Cambodia are in purple font and amino acid mutations are
indicated at select nodes. Candidate vaccine viruses used as reference viruses are in bold font. Closed
circles indicate cases of human infection with avian H5NG6 clade 2.3.4.4h viruses. Scale bar indicates

nucleotide substitutions per site.
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