DISPATCHES

Highly Pathogenic Avian Influenza
A(H5N1) Virus Clade 2.3.4.4b in
Domestic Ducks, Indonesia, 2022
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Highly pathogenic avian influenza A(H5N1) clade 2.3.4.4b
viruses were isolated from domestic ducks in South Ka-
limantan, Indonesia, during April 2022. The viruses were
genetically similar to those detected in East Asia during
2021-2022. Molecular surveillance of wild birds is need-
ed to detect potential pandemic threats from avian influ-
enza virus.

he H5N1 subtype of the avian influenza virus

A/goose/Guangdong/1/96 (Gs/GD/96) lin-
eage has caused highly pathogenic avian influenza
(HPAI) outbreaks in poultry since 1996. In 2008,
various novel reassortant viruses were identified
in domestic duck and live bird markets (LBMs) in
China bearing the genetic backbone of Gs/GD/96
virus clade 2.3.4 hemagglutinin (HA) but differ-
ent combinations of neuraminidase, such as H5N2,
H5N5, H5N6, and H5N8 (1). Clade 2.3.4 contin-
ued to evolve into 5th order genetic groups (clades
2.3.4.4a-h); reassortment created different geno-
types within those clades (1). H5N8 clade 2.3.4.4
viruses have predominantly spread across many
countries in Asia to Europe, Africa, and North
America (1,2); repeated outbreaks caused by H5N8
clade 2.3.4.4b viruses were reported during 2016 to
mid-2020 (3,4). However, H5N1 clade 2.3.4.4b virus
emerged inlate 2020, which led to anincrease in wild
bird and poultry influenza outbreaks worldwide;
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this virus strain has almost entirely replaced H5N8
clade 2.3.4.4b globally since late 2021 (5). Moreover,
the eastward movement of H5N1 clade 2.3.4.4b vi-
rus outbreaks from Europe to East Asia since late
2021 suggests that wild birds likely play a role in
virus introduction (5,6).

The Study

In April 2022, high numbers of poultry deaths were
reported from 5 duck farms in Hulu Sungai Utara
District, South Kalimantan Province, Indonesia
(Appendix Figure 1, https://wwwnc.cdc.gov/EID/
article/30/3/23-0973-Appl.pdf). Approximately 4,430
of 5,770 (76.8%) ducks of different ages died; younger
ducks manifested more severe disease. In July 2023, the
deaths of 294 (135 adult and 159 young) of 450 ducks
were reported in a Muscovy duck farm in Banjarbaru
District of South Kalimantan Province. We collected
oropharyngeal swab or tissue samples from ducks in
Hulu Sungai Utara in 2022 and Banjarbaru in 2023 for
necropsy and hematoxylin/eosin staining; gross and
histologic pathology analyses were performed at the
Disease Investigation Center Banjarbaru (Appendix).
We also collected samples from ducks in LBMs within
Banjar District (October 2022), which is located be-
tween the Hulu Sungai Utara and Banjarbaru districts
where disease was reported (Appendix Figure 1). We
sent all influenza A(H5) PCR-positive samples to the
Disease Investigation Center Wates in Yogyakarta,
where viruses were isolated by using the World Or-
ganisation for Animal Health protocol (7). However,
viruses could only be isolated from 3 pooled swab
samples from the initial cases in April 2022 in Hulu
Sungai Utara, 1 tissue sample from the July 2023 case
in Banjarbaru, and 1 pooled swab sample from LBMs
in Banjar. We characterized the virus isolates antigeni-
cally by using hemagglutination inhibition assays and
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A/goose Guangdong/1/96|H5N1
E A/duck/Vietnam/1434/2014 |H5N6 | a

A/environment/Anhui/72105/2014|H5N6 | a
A/duck/Jiangxi/13469/2014 | H5N6 |a a
A/goose/Sichuan/15/2015 |H5N6 |a
A/chicken/Vietnam/NCVD-15A22/2015|H5N6|a
A/Sichuan/26221/2014 |H5N6|a
A/goose/Hungary/64909/2016 |HSN8|b
A/chicken/Moscow/94/2017 |[HSN8| b
A/wild duck/Poland/57/2017 |HSN8| b
A/chicken/Greece/39|2017/2017 |H5N6 | b
A/turkey/England/003778/2017 | H5N8 | b
A/duck/Guizhou/$1321/2022|2029850 | HSN1|b
A/Astrakhan/3212/2020|1846961| HSN8|b
A/waterfowl/Russia/1526-4/2021| H5N5 | b
A/Jiangsu/NJ210/2023 | 2455058 | H5N1|b
A/goose/Czech Republic/18520-1/2021|H5N1|b
A/quail/Korea/H526/2021|1938272|H5N1|b
A/teal/Miyazaki/211109-32/2021|HSN1 | b
A/common-buzzard/Japan/2601B013/2022 |H5N1|b b
A/chicken/Saitama/TU7-34_36/2021|2181499|H5N1|b
A/chicken/Chiba/TU14-1_2/2022|H5N1|b
A/peregrine falcon/Kanagawa/1409C001T1/2022|H5N1|b
A/chicken/Hokkaido/TU25-3/2022|H5N1|b
A/chickenKagoshima/21A6T/2021| 1933663 |H5N1|b
A/duck/Guangdong/S4525/2021]2029842 |H5N1|b
A/mandarin duck/Korea/WA585/2021|1938252|H5N1|b
A/chicken/Ehime/TU11-2-24_25/2022|H5N1|b
A/duck/Hubei/SE220/2022]|2029874 |H5SN1
A/Muscovy duck/Banjarbaru/A0523532-9/2023
A/duck/HuluSungaiUtara/A0522064-03-04/2022
A/duck/HuluSungaiUtara/A0522064-06/2022
A/duck/HuluSungaiUtara/A0522067-06-07/2022
r A/mallard/Idaho/AH0007413/2015|H5N2|c ; =
A/Canada goose/Kansas/197850/2015|H5N2 |c
A/turkey/lowa/15-013179-4/2015|H5N2|c C
A/domestic duck/Hungary/7341/2015|H5N8|c
_E A/chicken/Netherlands/14015766/2014 |HSN8| ¢
A/wild bird/Korea/H2291/2015|H5N8| ¢ |
A/environment/Hunan/07767/2015|H5N6|HSN6 | g T
A/goose/Hunan/110/2014 |H5N6|g
A/duck/Eastern China/S0908/2014 | H5N6|g
A/duck/Hunan/233/2014|H5N6 | g g
A/duck/Hunan/HN334/2015|H5N6| g
A/duck/Hunan/HN336/2015| |[H5N6|g
A/turtledove/Wuhan/HKBJ43/2015|H5N6 | f -
A/duck/Wuhan/WHYF02/2015|H5N6 | f
A/duck/Hunan/01.21|YYFQH006-0/2015 |HSN6 | f
A/goose/Anhui/AH350/2015 |HSN6 | f f
A/Muscovy duck/Vietnam/LBM810/2015|H5N6 | f
A/chicken/Vietnam/HU4-42/2015 |H5N6 | f
A/chicken/Korea/HN1/2016|H5N6|e
A/duck/Korea/ES2/2016 |H5N6 | e
A/black swan/Akita/1/2016 |HS5N6 | e
A/whooper swan/Niigata/13/2017 |H5N6 | e e
A/whooper swan/Iwate/5/2016 |HSN6 | e
A/coot/lwate/13/2016|H5N6 | e |
A/environment/Shenzhen/1/2015 |H5N6 |d h
A/Shenzhen/1/2015|H5N6 | d
A/chicken/Guangdong/GD1602/2016|H5N6 | d d

J L

A/chicken/Anhui/MZ33/2016 |H5N6 | d
A/poultry/China/XY165.4/2016 | H5N6 | d
A/Hubei/29578/2016 | HSN6 | d |
[ AVJiangsu/1/2020|718266] |HSNG h
A/chicken/Laos/WKU-716/2021|18388372|H5N6 | h
re—— A/duck/Cambodia/e10T241C18/2020|13295138|H5N6|h

— A/Anhui/2021-00011/2020|1081370|H5N6 | h

0.01 Ll r Afchicken/HaTinh/514VTC/2021]9009552 |HSN6 | h h

A/duck/Vietnam/QN6800/2020| 17809492 |HSN6 | h

Figure. Phylogenetic analysis of the hemagglutinin gene of highly pathogenic avian influenza A(H5N1) clade 2.3.4.4b viruses

isolated from domestic ducks during outbreaks in South Kalimantan, Indonesia, in April 2022 and July 2023 compared with reference
sequences. Bold font indicates the viruses isolated from duck farms in this study. Letters at right indicate subclades. Evolutionary history
was inferred by using the maximum-likelihood method and best-fit general time reversible plus gamma distribution 4 substitution model
involving 67 hemagglutinin H5 sequences from the GISAID database (http://www.gisaid.org); a total of 1,656 positions were in the final
dataset. Scale bar indicates nucleotide substitutions per site.
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genetically by using whole-genome sequencing on an
IMlumina sequencing platform (https://www.illumi-
na.com) (Appendix).

We deposited whole-genome sequences of 4 vi-
rus isolates into the GISAID database (https:/ /www.
gisaid.org) under accession nos. EPI_ISL_17371282
(A/duck/Hulu Sungai Utara/A0522064-06/2022),
EPI_ISL_17371283 (A/duck/Hulu Sungai Utara/
A0522064-03-04/2022), EPI_ISL_17371284 (A/duck/
Hulu Sungai Utara/A0522067-06-07/2022), and
EPI_ISL._18438033 (A/Muscovy duck/Banjarbaru/
A0523532-9/2023). All 5 identified virus isolates were
H5N1 clade 2.3.4.4b viruses, but the virus isolate from
LBMs in Banjar District was not included in further
analysis or deposited in the GISAID database because
of incomplete gene sequences (<50% full-length se-
quence for each gene segment).

Phylogenetic analysis of the HA gene segment
showed that all 4 analyzed viruses clustered with re-
cent HPAI H5 clade 2.3.3.4b viruses from Asia and
Europe (Figure). However, they appeared to be more
closely related to H5N1 clade 2.3.4.4b viruses from
wild birds and poultry from Japan, China, and South
Korea isolated during October 2021-February 2022.
Phylogenetic trees for the other gene segments (poly-
merase basic 1, polymerase basic 2, polymerase acid-

ic, nucleoprotein, neuraminidase, matrix protein,
and nonstructural segments) also indicated that all
4 viruses were closely related to H5N1 clade 2.3.4.4b
from Japan, China, and South Korea (Appendix Fig-
ures 2-5). The 3 viruses isolated from the influenza
outbreak in April 2022 shared 99.8%-100% nucleo-
tide sequence similarity for each viral segment;
however, we observed a lower nucleotide sequence
similarity between the viruses from April 2022 and
the virus isolated in July 2023 (Table 1), indicating
that H5N1 clade 2.3.4.4b continued to mutate result-
ing in genetic drift. We identified all virus isolates as
HPALI on the basis of amino acid sequences within
the HA cleavage site (REKRRKR | G); none of those
isolates had molecular determinants associated with
increased binding affinity or replication efficiency
in mammals, including humans (Appendix Table 1)
(8,9). A BLAST search (https://www.ncbi.nlm.nih.
gov/blast) and pairwise distance analysis indicated
all 8 gene segments from viruses isolated during the
first outbreak in April 2022 had 98.4%-99.8% nucleic
acid sequence identities to H5N1 clade 2.3.4.4b vi-
ruses from Japan, China, and South Korea, suggest-
ing a close common ancestor.

The gross and histologic pathology of naturally
infected ducks showed multiorgan hemorrhages

Table 1. DNA sequence homologies between highly pathogenic avian influenza A(H5N1) clade 2.3.4.4b viruses isolated from
domestic ducks in Indonesia, 2022, and those from Banjarbaru and East Asia*

Collection % Nucleic acid similarity for each gene segment
Virus name GISAID no.t date PB2 PB1 PA HA NP NA MP NS
Viruses from first outbreak in Hulu ~ EPI_ISL_17371282, 2022 Apr 100 100 99.8- 99.9- 100 100 100 99.8-
Sungai Utara EPI_ISL_17371283, 99.9 100 100
EPI_ISL_17371284
A/Muscovy EPI_ISL_18438033 2023 Jul7 994 99.3- 99.1- 98.9- 99.1 988 99.8 987
duck/Banjarbaru/A0523532-9/2023 99.4 99.2 99.0
A/mandarin EPI_ISL_6959592 2021 Oct26 99.6 99.5- 99.6- 99.2- 996 99.8 99.6 994
duck/Korea/WA585/2021 99.6 99.7 99.3
Alquail/Korea/H526/2021 EPI_ISL_6959593 2021 Nov8 99.4 99.2 99.2- 99.0- 99.3 99.6 99.3 99.2
99.3 99.1
Al/duck/Guangdong/S4525/2021 EPI_ISL_12572655 2021 Dec8 99.6 996 99.3— 99.2- 995 99.7 99.7 99.2
99.4 99.3
Alduck/Hubei/SE220/2022 EPI_ISL_12572659 2022Jan 10 99.6 99.5 99.3— 99.0- 995 995 996 99.2
99.4 99.2
Al/duck/Guizhou/S1321/2022 EPI_ISL_12572656 2022 Feb22 996 996 99.5- 97.2- 995 994 998 99.2
99.6 97.3
Alchicken/Kagoshima/21A6T/2021  EPI_ISL_6829533 2021 Nov 12 99.6 99.6 99.6— 99.1- 99.6 99.7 99.8 994
99.7 99.2
Alchicken/Saitama/TU7- EPI_ISL_15063425 2021 Dec7 99.6 99.3— 99.1- 984- 991 99.6 99.3 99.0
34,36/2021 99.4 99.2 98.6
Alchicken/Ehime/TU11-2-24 EPI_ISL_15063431 2022 Jan4 99.8 920 99.5- 99.2- 993 996 99.7 993
25/2022 99.6 99.3
Alcommon EPI_ISL_16831015 2022 Jan27 99.6 99.2- 99.3— 98.6- 99.3 996 99.3 99.2
buzzard/Japan/2601B013/2022 99.3 99.4 98.7
Alteal/Miyazaki/211109-32/2021 EPI_ISL_15613494 2021 Nov9 99.4 99.2—- 993 98.7- 991 99.6 99.2 992
99.3 98.8

*H5N1 clade 2.3.4.4b viruses isolated from the initial poultry outbreak in Hulu Sungai Utara in April 2022 were compared with those isolated later from
Banjarbaru, Indonesia, in July 2023 and H5N1 clade 2.3.4.b viruses from East Asia isolated during October 2021—February 2022. HA, hemagglutinin; MP,
matrix protein; NA, neuraminidase; NP, nucleoprotein; NS, nonstructural; PA, polymerase acidic; PB1, polymerase basic 1; PB2, polymerase basic 2.

TGISAID database (https://www.gisaid.org).

588

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 30, No. 3, March 2024



Avian Influenza A(H5N1) Virus in Ducks, Indonesia

Table 2. Hemagglutinin inhibition assay titers using 2-fold serial dilutions of virus-specific antiserum in study of highly pathogenic avian
influenza A(H5N1) virus clade 2.3.4.4b in domestic ducks, Indonesia, 2022*

Antigen source

A/duck/Hulu Sungai A/duck/Hulu Sungai A/duck/Hulu Sungai

A/muscovy duck/

Utara/A0522064- Utara/A0522064- Utara/A0522067-  Banjarbaru/A05235
Antiserum source, clade, GISAID no.t 06/2022 03-04/2022 06-07/2022 32-9/2023
Alchicken/West Java/PWT-WIJ/2006, H5N1 <4 <4 <4 16
clade 2.1.3.2, EPI_ISL_12700530%
Alchicken/Barru/BBVM 41-13/2013, H5N1 16 16 16 16
clade 2.1.3.2a, EPI_ISL_17767706
A/duck/Sukoharjo/BBVW-1428-9/2012, H5N1 16 32 32 32
clade 2.3.2.1c, EPI_ISL_266808§
Alchicken/Tanggamus/031711076-65/2017, 16 32 16 32
H5N1 clade 2.3.2.1¢c, EPI_ISL_177677631
A/duck/Laos/XBY004/2014, H5N6 clade 8 16 8 16
2.3.4.4b, EPI_ISL_168385
A/duck/Hulu Sungai Utara/A0522064-03- 512 512 128 128

04/2022, H5N1 clade 2.3.4.4b#

*Viruses were isolated by using the World Organisation for Animal Health protocol (7). The 3 viruses isolated from Hulu Sungai Utara in April 2022 and

the virus isolated from Banjarbaru in July 2023 were used as antigen sources.

TGISAID (https://www.gisaid.org).

tH5N1 clade 2.1.3.2 vaccine-seed strain used in Indonesia since 2009.
§H5N1 clade 2.3.2.1¢ vaccine strain used during 2012-2020.

{IH5N1 clade 2.3.2.1c vaccine strain used since 2021.

#Homologous antiserum for H5N1 clade 2.3.4.4b viruses isolated from the initial outbreak in Hulu Sungai Utara, April 2022.

with prominent lesions in tissues and congestion
and focal necrosis in parenchymal cells, often ac-
companied by inflammatory cell infiltrates (Ap-
pendix, Figure 6). Hemagglutination inhibition as-
says revealed the virus isolates from April 2022 had
low reactivity with H5N1 antiserum derived from cir-
culating viruses, including the H5N1 vaccine strains
used for poultry (Table 2). Those results suggest that
new vaccine candidates antigenically matched to
circulating viruses might be needed in Indonesia, if
H5NT1 clade 2.3.4.4b viruses continue to infect poultry.

Wild migratory birds might play a role in the in-
tercontinental spread of HPAI H5Nx clade 2.3.4.4 vi-
ruses (1,10,11). Indonesia is situated within the East
Asian Flyway’s island or oceanic routes linking east-
ern Russia and Japan to the Philippines and eastern
Indonesia (12). One stopover site is on the west coast
of South Kalimantan, where 23 migratory bird spe-
cies have been identified and observed (13). Migra-
tory birds often use stopover sites for 1 day to several
weeks to rest and refuel (12), providing opportunities
for virus transmission through direct or indirect con-
tacts with local wild birds or aquatic poultry within
their shared habitats.

During April 2022-July 2023, we conducted mo-
lecular surveillance through a network for influenza
virus monitoring in Indonesia (14) and did not detect
other H5N1 clade 2.3.4.4b outbreaks outside of South
Kalimantan. Similar to an earlier virus incursion of
H5NT1 clade 2.3.2.1c in Java in 2012, which initially
also affected ducks (15), we could not determine the
exact origin of virus incursion. However, genetic
evidence and bird migration patterns suggest that

Emerging Infectious Diseases *« www.cdc.gov/eid ¢ Vol. 30, No. 3, March 2024

migratory birds contributed to the introduction of
H5N1 clade 2.3.4.4b into Indonesia.

Conclusion

We identified HPAI H5N1 clade 2.3.4.4b viruses
in ducks in South Kalimantan, Indonesia. The role
of migratory birds in virus introduction cannot be
ruled out because South Kalimantan is situated
within the East Asia Flyway corridor, and the in-
fected farms were connected to marshes that pro-
vided opportunity for direct or indirect contacts
with migratory birds. Limited wild bird surveil-
lance and genome sequence data for avian influen-
za viruses impeded our ability to determine further
transmission and spread of H5N1 clade 2.3.4.4b in
Indonesia. Both epidemiologic studies and molecu-
lar surveillance of wild birds are needed to better
prepare for pandemic threats caused by contin-
ued avian influenza virus evolution in Indonesia
and elsewhere.
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