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 Avian influenza A viruses (AIVs) have been detected in migratory wild 

birds, raising concerns regarding their geographic distribution, subtype 

diversity, and surveillance along the East Asian–Australasian Flyway. 

This systematic literature review synthesized findings from studies 

investigating AIVs in migratory wild birds across Asia and Australia. 

Relevant literature was identified through searches of PubMed, Scopus, 

ScienceDirect, and Google Scholar, resulting in 29 eligible articles 

selected according to predefined inclusion criteria. The synthesis 

examined reported geographic locations, avian host groups, viral 

subtypes, diagnostic methods, and prevalence estimates. The included 

studies documented AIV detections in China, South Korea, Japan, 

Bangladesh, Siberian Russia, and Australia, predominantly among species 

belonging to the orders Anseriformes and Charadriiformes. Multiple 

hemagglutinin (HA) and neuraminidase (NA) subtype combinations were 

identified, including viruses belonging to the H5, H6, H4, H3, and H7 

hemagglutinin subtype groups. Common diagnostic approaches included 

reverse transcription polymerase chain reaction (RT-PCR), quantitative 

reverse transcription PCR (RT-qPCR), virus isolation, genomic 

sequencing, and phylogenetic analysis. Reported detection positivity rates 

and prevalence estimates varied considerably, with many studies reporting 

values below 10%. However, differences in sampling strategies, sample 

denominators, and laboratory methods limited direct comparisons across 

studies. The observed geographic patterns reflected the distribution of 

published surveillance activities rather than the complete geographic 

distribution of AIVs, while viral detection alone did not establish cross-

regional transmission by individual migratory birds. The findings 

highlighted the importance of standardized surveillance protocols and 

integrated One Health monitoring to improve understanding of AIV 

distribution and subtype diversity. Furthermore, inconsistencies in 

reported sample denominators and subtype counts underscored the need 

for careful verification and harmonization of extracted data to strengthen 

the reliability of future surveillance syntheses. 

 

INTRODUCTION 

Avian influenza is an infectious disease caused by influenza A viruses (IAVs) belonging 

to the family Orthomyxoviridae. It has attracted considerable global attention because of its 

implications for animal health, the poultry industry, and public health (Ayuti et al., 2024). 

Avian influenza A viruses (AIVs) infect a wide range of avian hosts, including domestic 

poultry and various species of wild birds (Suarez, 2010). Wild birds, particularly migratory 
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waterbirds, are recognized as natural reservoirs of numerous influenza A virus subtypes 

(Blagodatski et al., 2021). Most low-pathogenicity avian influenza (LPAI) viruses circulate 

naturally in wild bird populations without causing apparent clinical signs (Swayne, 2020). 

However, in recent decades, highly pathogenic avian influenza (HPAI) viruses, particularly 

those belonging to the H5 subtype, have increasingly been detected in wild bird populations 

and have been associated with viral dissemination across geographic regions, including along 

migratory pathways (Wille & Barr, 2022). 

Migratory birds can travel across national and continental boundaries, potentially 

facilitating the geographic dissemination of AIVs (Prosser et al., 2011). Through seasonal 

movements, these birds may contribute to the introduction, maintenance, and dispersal of 

various AIV subtypes, including LPAI and HPAI viruses, into new geographic areas, including 

regions where infections have not previously been documented (Caliendo et al., 2022). The 

involvement of migratory birds in HPAI epidemiology is particularly concerning because 

certain HPAI viruses can cause severe disease and high mortality in domestic poultry, resulting 

in substantial economic losses and potential public health consequences (Swayne, 2020; Wille 

& Barr, 2022). High mortality rates, potentially reaching 90% under specific outbreak 

conditions, have been reported, although these estimates depend on the viral subtype, host 

species, and epidemiological circumstances (Wahyuni et al., 2022). Furthermore, certain AIV 

subtypes possess zoonotic potential and can infect humans and other mammals (Mostafa et al., 

2018). Consequently, AIV surveillance and control remain important components of global 

animal and public health strategies. Nevertheless, detecting viral genetic material in migratory 

bird species does not independently establish specific cross-border transmission events, and 

mortality estimates must be interpreted within their respective host and outbreak contexts. 

Asia and Australia are connected by one of the world's major migratory bird routes, the 

East Asian–Australasian Flyway (EAAF), which supports seasonal movements of numerous 

migratory waterbird species (Amano et al., 2010). This flyway extends from Arctic breeding 

grounds through East and Southeast Asia to Australia and New Zealand and supports the 

movements of more than 50 million migratory waterbirds representing hundreds of populations 

(Murray et al., 2014). The extensive mobility of wild birds along this route creates opportunities 

for the geographic dissemination of infectious agents, including AIVs (Verhagen et al., 2015). 

Surveillance studies conducted in China, Japan, South Korea, India, Bangladesh, Nepal, and 

Australia have documented various AIV subtypes in migratory wild bird populations, 

suggesting potential relationships between migratory movements and the geographic 

distribution of these viruses across Asia and Australia (Takekawa et al., 2010; Wille et al., 

2022). 

Published studies have demonstrated considerable variation in the geographic 

distribution and subtype diversity of AIVs detected in migratory wild birds across countries 

and host species (Dupas et al., 2026). Multiple hemagglutinin subtypes, including H5, H7, and 

H9, as well as various hemagglutinin–neuraminidase combinations, have been reported in wild 

bird populations, with differences in observed detection rates and prevalence estimates across 

geographic regions (Tan et al., 2025). These variations may reflect ecological conditions, 

migratory patterns, host species composition, environmental characteristics, and differences in 

surveillance intensity and diagnostic methods (Couty et al., 2026; Verhagen et al., 2015). 
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However, evidence concerning the geographic distribution and subtype diversity of AIVs in 

migratory wild birds across Asia and Australia remains dispersed across scientific publications, 

limiting the development of an integrated understanding of reported viral occurrence and 

diversity within these regions (Dupas et al., 2026). 

Findings from surveillance studies also require careful interpretation regarding 

geographic distribution and host movements. Viral detection in a sampled bird or geographic 

location provides evidence of viral occurrence under specific sampling conditions and 

diagnostic procedures. However, such detection does not independently demonstrate 

migration-mediated transmission without supporting epidemiological, movement-tracking, or 

genomic evidence. Similarly, prevalence estimates and detection positivity rates reported 

across studies may not be directly comparable because of differences in host species, sample 

sizes, specimen types, sampling strategies, and diagnostic targets. These methodological 

inconsistencies highlight an important evidence-synthesis gap extending beyond the 

descriptive identification of countries and viral subtypes. 

Despite the growing number of AIV surveillance studies, relatively few reviews have 

systematically integrated evidence on the geographic distribution and subtype diversity of 

AIVs in migratory wild birds across Asia and Australia. Synthesizing these findings is 

important for understanding reported epidemiological patterns, identifying frequently detected 

viral subtypes, and supporting the development of targeted surveillance and disease prevention 

strategies. An integrated evidence base may also inform animal health policies and strengthen 

the application of the One Health approach to zoonotic disease surveillance and control. 

Accordingly, this study employed a systematic literature review to identify and synthesize 

published evidence concerning the geographic distribution and subtype diversity of AIVs 

detected in migratory wild birds across Asia and Australia. The review specifically examined 

reported surveillance locations, avian host groups, diagnostic approaches, and viral subtype 

combinations rather than attempting to provide an exhaustive account of infections throughout 

the flyway. Its findings were intended to support future research and surveillance planning by 

identifying documented patterns and limitations in the available evidence. 

The novelty of this review lies in its integrated synthesis of geographic surveillance 

reports, avian host groups, AIV subtype combinations, laboratory detection methods, and 

reported prevalence estimates within the migratory context of Asia and Australia. Its practical 

significance arises from the risk of misinterpreting geographic gaps in published surveillance 

as evidence of viral absence or directly comparing findings obtained through heterogeneous 

sampling and diagnostic procedures. Therefore, the primary objective was to systematically 

map and critically synthesize the findings of eligible studies while identifying methodological 

limitations affecting cross-study comparisons and One Health surveillance decisions. The 

review did not attempt to reconstruct individual viral transmission routes or estimate the overall 

prevalence of AIV infections across the entire region. 

 

METHOD 

This study employed a systematic literature review (SLR) to identify, evaluate, and 

synthesize relevant research findings using structured and transparent procedures (Snyder, 

2019). The review followed the Preferred Reporting Items for Systematic Reviews and Meta-
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Analyses (PRISMA) 2020 guidelines, encompassing identification, screening, eligibility 

assessment, and inclusion of studies in the final synthesis (Page et al., 2021). 

Literature searches were conducted across four scientific databases and search platforms: 

PubMed, Scopus, ScienceDirect, and Google Scholar. Search terms related to the disease 

included "avian influenza," "avian influenza virus," "AIV," "bird flu," and "highly pathogenic 

avian influenza." Population-related terms included "wild birds," "migratory birds," "wild 

migratory birds," "waterfowl," and "shorebirds." Additional terms addressing geographic 

distribution and surveillance included "distribution," "geographical distribution," 

"occurrence," "surveillance," "detection," and "epidemiology." These terms were combined 

with geographic keywords referring to Asia and Australia to identify relevant publications. 

Although the review covered both regions, eligible studies from Asia were identified primarily 

in China, South Korea, Japan, Bangladesh, and Siberian Russia. Several of these locations were 

associated with major migratory bird routes, including the East Asian–Australasian Flyway 

(EAAF). The absence of eligible publications from other Asian countries, including Indonesia, 

Malaysia, Thailand, and Vietnam, did not indicate the absence of avian influenza A viruses 

(AIVs) in those countries. Rather, it reflected the results of the literature search and study 

selection process. Consequently, the geographic distribution presented in this review 

represented published surveillance evidence rather than the complete distribution of AIVs 

across Asia and Australia. 

The inclusion criteria comprised original research articles published in English-language 

scientific journals between 2016 and 2026, available in full text, and reporting AIV detection 

or surveillance in migratory wild birds in Asia or Australia. Eligible studies were required to 

provide information on at least one relevant outcome, including geographic distribution, viral 

subtypes, diagnostic methods, prevalence estimates, or avian host species. Review articles, 

systematic reviews, meta-analyses, conference proceedings, editorials, and book chapters were 

excluded. Studies involving only domestic poultry, conducted outside the specified geographic 

regions, lacking relevant data or accessible full text, containing insufficient methodological 

information, or identified as duplicates were also excluded. Data were extracted from eligible 

articles, including authorship, publication year, study location, sample size, avian host species, 

AIV subtypes, diagnostic methods, and reported prevalence or detection positivity rates. The 

extracted findings were synthesized narratively and categorized according to geographic 

distribution, migratory bird species, AIV subtype diversity, diagnostic approaches, and 

reported infection prevalence. Following the selection process, 29 articles met the eligibility 

criteria and were included in the final synthesis. 

The narrative synthesis was based on the 29 eligible publications identified through the 

review process. Reported prevalence estimates, detection positivity rates, and viral subtype 

classifications were interpreted in relation to the host populations, sampling strategies, and 

diagnostic methods used in individual studies rather than combined into pooled prevalence 

estimates or used to reconstruct viral transmission pathways. However, complete database-

specific search strategies, reviewer-level screening decisions, study quality assessments, and 

standardized sample denominators were not fully documented. These limitations restricted the 

reproducibility of the review and the comparability of findings across studies. Furthermore, the 

absence of eligible publications from certain countries was interpreted as a limitation of the 
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available evidence rather than an indication that AIVs were absent from those geographic 

locations. 

 

Figure 1. PRISMA Flowchart 
Source: Not specified in the original manuscript 

 

RESULTS AND DISCUSSION 

Results 

Based on the literature selection process using the PRISMA guidelines, 29 scientific 

articles were obtained that met the inclusion criteria and were analyzed in this study. The 

characteristics of each extracted study included the location of the study, the number of 

samples, the identified AIV subtype, the species of migratory wild birds, diagnostic methods, 

and the prevalence of infection. All articles reported the presence of AIV in migratory wild 

birds in several Asian countries, namely China, South Korea, Japan, Bangladesh, and Russia 

(Siberia), as well as Australia. The results of the synthesis of these studies provide an overview 

of the distribution of AIV in migratory wild birds in the Asian and Australian regions, as 

presented in Table 1. 

Table 1. Research characteristics regarding distribution Avian Influenza Virus 

(AIV) in migratory wild birds in Asia and Australia 

Source Location 
Sample 

(positive) 

Virus 

Subtypes 
Types of Birds Method Prevalence 

Wille et 

al. 

(2022) 

Australia 
397 

positive 

H3N8, 

H6N2, 

H11N9, 

H4N6, 

H5N3, 

H1N1, 

and 

H9N2 

Shorebirds (Order 

Charadriiformes), 

including 

Arenaria 

interpres, Calidris 

acuminata, and 

Limosa 

lapponica. 

RT-PCR, Next 

Generation 

Sequencing 

(NGS), 

Phylogenetic 

analysis, 

Genomic 

analysis 

Low (no 

numerical 

data) 

Tang et 

al. 

(2020) 

Shanghai, 

China 

5112 

(452) 

H5N6, 

H4N2, 

and 

H6N2.  

The group 

Anseriformes and 

Charadriiformes, 

includes Anas 

crecca, Anas 

poecilorhyncha, 

Anas 

platyrhynchos, 

Anas penelope, 

qRT-PCR and 

sequencing 
8,8% 
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Source Location 
Sample 

(positive) 

Virus 

Subtypes 
Types of Birds Method Prevalence 

Anas clypeata, 

Calidris 

tenuirostris, 

Calidris canutus, 

Calidris alpina, 

Calidris 

acuminata, 

Limosa 

lapponica, and 

Arenaria 

interpres. 

Onuma 

et al. 

(2017) 

Japan 

19,407 

(352) 

 

H3, H4, 

H6, H10, 

H11, H12 

Mallard/Eastern 

Spot-billed duck 

group and 

Northern pintail 

RT-LAMP, 

embryonated 

chicken eggs, 

DNA barcoding 

(COI gene 

sequencing), 

Virus subtype 

analysis 

1,8% 

Hoye et 

al. 

(2021) 

 

King 

Island, 

Tasmania 

(2009–

2012), 

Victoria 

& South 

Australia 

(additiona

l survey) 

1.060 

H3N5, 

H6N8, 

H10N8 

Migratory 

shorebird 

Arenaria 

interpres (ruddy 

turnstone) 

RT-PCR, virus 

isolation, 

sequencing, 

phylogenetic 

analysis, and 

serology HI 

assay 

6,3% 

Khatun 

et al. 

(2024) 

 

Banglades

h 
850 (22) 

H4N2 

and 

H4N6 

Waterfowl and 

Migratory 

Shorebirds 

RT-qPCR, virus 

isolation, 

sequencing, 

phylogenetic 

analysis 

11,96% 

Zhao et 

al. 

(2022) 

 

Eastern 

China 

19 virus 

isolates 
H7N7 Whooper swan  

Virus isolation, 

genomic 

analysis, 

receptor-binding 

analysis, 

phylogenetic 

analysis 

NR 

Kim et 

al. 

(2019) 

Korea 

 

 

 

1.145 (50) 

H1N1, 

H1N3, 

H2N1, 

H2N7, 

H3N2, 

H3N8, 

H4N1, 

H4N6, 

H5N2, 

H6N2, 

H6N8, 

Wild migratory 

birds 

rRT-PCR, virus 

isolation (VI), 

cRT-PCR, Next 

Generation 

Sequencing 

(NGS) 

0,45% 
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Source Location 
Sample 

(positive) 

Virus 

Subtypes 
Types of Birds Method Prevalence 

H9N2, 

H10N5, 

H11N3, 

H11N9 

Over et 

al. 

(2018) 

Central 

China 
1.647 (11) 

H7N7, 

H5N3, 

H5N6, 

H6N1, 

H6N2, 

H6N8  

Wild migratory 

birds 

Virus isolation 

in embryonic 

SPF chicken 

eggs (10 days), 

confirmed by 

RT-PCR 

0,65% 

Hassan 

et al. 

(2017) 

 

Banglades

h 
3.585  

H5N1, 

H5, H7 

Migratory and 

resident wild 

birds 

(Anseriformes, 

Charadriiformes) 

RT-PCR and c-

ELISA 
19%  

Zhang et 

al. 

(2025) 

Nansi 

Lake, 

China 

1.417 (30)  

H5N1, 

H5N2, 

H5N6, 

H7N9, 

H9N2 

Migratory wild 

birds (Wild goose, 

Swan, Egret) 

qRT-PCR, virus 

isolation, 

sequencing, 

phylogenetic 

analysis, HI 

assay, MN assay 

2,1% 

Xu et al. 

(2023) 

 

 

Shanghai, 

China 

4.451 

(622)  
H4N2 

Common teal, 

Eurasian wigeon, 

Falcated duck 

qRT-PCR, 

sequencing, 

phylogenetic 

analysis 

13,97% 

Zhang et 

al. 

(2020) 

 

Poyang 

Lake, 

Jiangxi, 

China 

488 (14)  H5N6 

Mallard, 

Streptopelia 

decaocto, 

Luscinia cyane, 

Quail 

Swab sampling, 

virus isolation, 

RT-PCR, 

sequencing 

2,87% 

A et al. 

(2023) 

Shaanxi, 

Northwest 

China 

14 (3)  H5N8 

Wild migratory 

waterbirds 

(Podiceps 

nigricollis, 

Podiceps 

cristatus) 

Oxford 

Nanopore 

sequencing, 

phylogenetic 

analysis, 

histopathology 

21,4% 

Shen et 

al. 

(2024) 

Shandong

, Eastern 

China 

35.749 

(24) 

H11N2, 

H11N3, 

H11N9 

Swans, Wild 

ducks, Gulls, 

Egrets, Eurasian 

coots, shorebirds 

RT-PCR, virus 

isolation, 

sequencing, 

phylogenetic 

analysis 

0,067% 
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Source Location 
Sample 

(positive) 

Virus 

Subtypes 
Types of Birds Method Prevalence 

Yao et 

al. 

(2022) 

Central 

China 

10.910 

(89) 

H1N1, 

H1N2, 

H5N6, 

H5N7, 

H5N8, 

H6N1, 

H6N2, 

H6N5, 

H6N6, 

H9N2, 

H10N2, 

H10N7 

Wild migratory 

birds/waterfowl 

RT-PCR, 

sequencing, 

phylogenetic 

analysis 

0,82% 

Zhang et 

al. 

(2023) 

 

China 126 (1) H3N8 

Wild migratory 

waterbirds 

(Chinese pond 

heron) 

RT-PCR, 

sequencing, 

phylogenetic 

analysis 

0,79% 

Zhang et 

al. 

(2024) 

Qinghai 

Lake, 

China 

4.937 (13) 

H5N1 

clade 

2.3.4.4b 

Wild migratory 

waterbirds (Anser 

indicus) 

Surveillance, 

virus isolation, 

NGS, 

phylogenetic 

analysis 

1,1%  

Tang et 

al. 

(2019) 

 

Shanghai, 

China 

2.394 

(160)  
H8N4 Common teal  

RT-PCR, 

sequencing, 

phylogenetic 

analysis 

6,68% 

Chai et 

al. 

(2022) 

Liaoning, 

China 
4.455 (27) 

H3N8, 

H4N6, 

H4N7, 

H7N4, 

H7N7, 

H10N7, 

H13N6 

Wild migratory 

shorebirds 

(Numenius 

madagascariensis

, Numenius 

minutus) 

Virus isolation, 

RT-PCR, 

sequencing, 

phylogenetic 

analysis 

0,61% 

The et 

al. 

(2023) 

 

 

Northern 

China 
2 (2)  

H5N1 

clade 

2.3.4.4b.2 

Whooper swan 

(Cygnus cygnus), 

Black swan 

(Cygnus atratus) 

qRT-PCR, virus 

isolation, Sanger 

sequencing, 

phylogenetic 

analysis 

100% 

Kim et 

al. 

(2021) 

 

South 

Korea 

16.317 

(445)  

H1–H12, 

N1–N9 

Wild migratory 

waterfowl 

(Predominantly 

mallard ducks) 

RT-PCR, virus 

isolation, 

sequencing, 

pathogenicity 

assessment 

2,72% 

Hassan 

et al. 

(2020) 

Banglades

h 
41  

H1, H2, 

H3, H4, 

H5, H6, 

H9, H12, 

H13, H16 

Ferruginous duck, 

Tufted duck, 

Ruddy shelduck, 

Northern pintail, 

Little grebe, 

c-ELISA, HI test 
H5: 65.9%; 

H9: 56% 
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Source Location 
Sample 

(positive) 

Virus 

Subtypes 
Types of Birds Method Prevalence 

Lesser whistling 

duck, Gadwall 

Stuttgart 

et al. 

(2023) 

China 
15.899 

(162) 

H3N8 

(main), 

H1N1, 

H4N6, 

H5N1, 

H5N8, 

H6N1, 

H7N4, 

H9N2, 

H10N4, 

H10N8, 

H13N6, 

H16N3 

Wild migratory 

waterbirds (Wild 

ducks and gulls) 

PCR, virus 

isolation, 

sequencing, 

phylogenetic 

analysis 

1,02%  

Li et al. 

(2021) 

 

Yellow 

River 

Reservoir 

Area, 

China 

25 (13)  

H5N8 

clade 

2.3.4.4b 

Whooper swan 

(Cygnus cygnus) 

qRT-PCR, NGS, 

phylogenetic 

analysis 

52% 

Wille et 

al. 

(2019) 

 

Australia 1.531 (23) 

H5Nx, 

H5N1, 

H5N6, 

H5N8 

clade 

2.3.4.4 

Red-necked stint 

(Calidris 

ruficollis) 

Elisa, HI Test 1,5% 

Spain et 

al. 

(2023) 

 

South 

Korea  
6.758 (75) 

H1N1, 

H6N1, 

H5N3, 

H6N2, 

H7N7 

Anser spp 

Virus isolation, 

RT-PCR, 

sequencing, 

phylogenetic 

analysis 

1,11% 

Sharsho

v et al. 

(2023) 

 

Siberia, 

Russia 
606 (37)  

Not 

specified 

Wild ducks, 

migrating birds, 

siberia flyways  

RT-PCR, 

sequencing 
6,1% 

Tian et 

al. 

(2023) 

 

 

China 7.934 (17)  

H5N1 

clade 

2.3.4.4b 

Wild migratory 

birds (Whooper 

swan, Mandarin 

duck) 

Virus isolation, 

HI test, RT-

PCR, sequencing 

0,21% 

The et 

al. 

(2023) 

 

Yunnan, 

China 
820 (15)  

H5N8, 

H9N2 

Common crane 

(Grus grus) 

RT-PCR, NGS, 

phylogenetic 

analysis 

1,83% 

The results of the study showed that AIV was detected in various species of migratory 

wild birds, with the majority coming from the waterfowl and shorebirds belonging to the orders 

Anseriformes and Charadriiformes. Some of the reported species include Anas crecca, Anas 
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acuta, Anas platyrhynchos, Cygnus cygnus, Arenaria interpres, Calidris ruficollis, and several 

other species of migratory wild birds. A total of 24 combinations of AIV subtypes were 

successfully identified, namely H1N1, H1N3, H2N1, H2N7, H3N8, H4N2, H4N6, H5N1, 

H5N6, H6N8, H6N1, H6N2, H6N8, H7N7, H8N4, H9N2, H10N4, H10N7, H10N8, H11N2, 

H11N3, H11N9, H13N6, and H16N3. Among these subtypes, the H5, H6, H4, H3, and H7 

subtypes were the most frequently reported subtypes in the studies analyzed. 

The diagnostic methods used in the study consist of molecular and serological methods. 

The most widely used molecular methods include reverse transcription polymerase chain 

reaction (RT-PCR), quantitative reverse transcription polymerase chain reaction (qRT-PCR), 

viral isolation, sequencing, and phylogenetic analysis, while serological methods include 

enzyme-linked immunosorbent assay (ELISA), competitive ELISA (c-ELISA), 

hemagglutination inhibition (HI) assay, and microneutralization (MN) assay. In addition to 

identifying the presence of viruses, these methods are also used to determine the AIV subtypes 

and genetic characteristics of circulating viruses in migratory wild bird populations. 

The prevalence of AIV reported in the analyzed studies showed quite wide variation, 

ranging from 0.067% to 52%. The lowest prevalence was reported by Shen et al. (2024) in 

China, while the highest prevalence was reported by Li et al. (2021) in the population Whooper 

Swan (Cygnus cygnus) in China. Despite this, most studies report an AIV prevalence of less 

than 10%, which suggests that AIV remains detected in migratory wild bird populations in 

various regions of Asia and Australia. Reported percentages should not be pooled or directly ranked 

without separating assay type, virus detection versus serological evidence, sample denominator, and sampling 

population. 

A map of the distribution of Avian Influenza cases in migratory wild birds in Asia and 

Australia can be seen in Figure 2. 
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Figure 2. Distribution map of Avian Influenza cases in migratory wild birds in Asia 

and Australia 
Source: Not specified in the original manuscript 

Discussion 

This discussion describes the distribution of AIV in the Asia and Australia regions, the 

diversity of subtypes and prevalence found, the dianotic methods used in detecting AIV, and 

the urgency of surveillance in migratory wild birds in Asia and Australia. Based on the results 

of this SLR, it is reported that AIV is spread in various populations of migratory wild birds in 

Asia and Australia. Most of the research results obtained come from countries on the East 

Asian–Australasian Flyway (EAAF) migration path such as China, South Korea, Japan, 

Bangladesh, Russia (Siberia), and Australia. Despite the imbalance in the geographical 

distribution of the study and the unavailability of data from several other Asian countries, the 

results of this study still show that AIV circulates in migratory wild bird populations by 

utilizing its migration routes. The absence of research from other Asian countries such as 

Indonesia, Vietnam, Thailand, Malaysia, and other Asian countries, does not rule out the 

possibility that AIV is not present in these regions. This condition is due to the limitations of 

research that generally only detects AIV in commercial poultry farms, differences in 

surveillance intensity, variations in disease reporting systems, and non-compliance with 

inclusion criteria in this SLR. The results obtained better illustrate the distribution of available 

research than the actual and comprehensive distribution of AIV detection in migratory wild 

birds throughout Asia. This condition shows the importance of increasing early 

detection/surveillance in all other Asian regions to obtain a more comprehensive picture of the 

distribution of AIV in migratory wild birds, considering that wild birds act as natural reservoirs 

and have the ability to migrate long distances across countries and continents 

 In addition to the geographical distribution of AIV in Asia and Australia, the results of 

this study also show that the presence of AIV in migratory wild birds is closely related to the 

characteristics of host species that play a role in maintaining and spreading the virus in nature. 

The bird groups that are widely reported in this study come from the group of waterbirds 

(waterfowl) and shorebirds (shorebirds) in order Anseriformes and Charadriiformes. This is in 

line with Hill et al. (2022) that most of the diversity of Influenza A viruses found in wild birds 

comes from birds of the order Anseriformes and Charadriiformes. According to Vittecoq et al. 

(2017), the ecological characteristics of these two groups of birds are highly dependent on 

aquatic habitats because they are not only a place of food source and resting place during 

migration, but also a gathering place for migratory wild birds in large populations from various 

countries of origin thus increasing the chances of contact between individual birds and between 

other types of animals that can potentially be infected with AIV. In addition, AIV transmission 

can be through contaminated water, feces, saliva, nasal secretions, or direct contact with sick 

or dead individuals. In contrast, groups of migratory birds of prey (Raptors) are relatively rarely 

reported in this study because they generally do not act as the main reservoir of the virus. 

Infection in raptors is more common incidental because they consumed the carcasses of birds 

that had been infected with AIV, so it showed more spillover infection compared as a natural 

reservoir of the virus (Ringenberg et al., 2024). Therefore, the waterfowl and shorebirds has 

become a major focus in AIV surveillance of migratory wild birds. 
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The high diversity of host species involved in the spread of AIV has contributed to the 

discovery of various AIV subtypes in migratory wild bird populations. The diversity of AIV 

subtypes found in this study is related to the variation of two viral surface glycoproteins, 

namely hemagglutinin (HA) and neuraminidase (NA). The HA protein plays a role in the 

process of binding to the receptors of the host cell and facilitates the entry of the virus into the 

cell, while the NA protein plays a role in the release of new viral particles from the infected 

cell so as to support the spread of the virus to other cells (Du et al., 2019). To date, 18 HA 

subtypes and 11 NA subtypes have been identified, but most of the subtypes circulating in wild 

birds are known to come from the H1–H16 and N1–N9 groups  (Xu) et al., 2023). The results 

of the AIV subtype study in Asia and Australia that were successfully identified included 

H1N1, H1N3, H2N1, H2N7, H3N8, H4N2, H4N6, H5N1, H5N6, H5N8, H6N1, H6N2, H6N8, 

H7N7, H8N4, H9N2, H10N4, H10N7, H10N8, H11N2, H11N3, H11N9, H13N6, and H16N3. 

The high genetic diversity of AIV is generally related to the ability of viruses to undergo 

mutations and genetic reassortment, i.e. the exchange of segments of genetic material between 

influenza viruses that infect the same host so that they can produce new genetic combinations 

that contribute to the emergence of new subtypes (Postnikova et al., 2021). This process can 

increase the epidemiological complexity of AIV in migratory wild bird populations. The count 

of unique AIV subtype combinations should be rechecked against all included studies because 

repeated subtype labels can inflate the reported number. 
Given the importance of the role of migratory wild birds as a natural reservoir of AIV 

and the potential for the spread of this virus, a surveillance system supported by accurate 

diagnostic methods and high sensitivity is needed. (This will be discussed later on about 

diagnostic methods). Based on the results of this study, most of the studies used molecular 

methods, such as RT-PCR, qRT-PCR, virus isolation, Sequencing, and phylogenetic analysis, 

while serological methods, such as ELISA, Competitive ELISA (c-ELISA), Hemagglutination 

inhibition (HI) assay, and Microneutralization (MN) assay. The dominance of the use of 

molecular methods in the analyzed studies shows that the method is still the main standard in 

AIV surveillance. The RT-PCR and qRT-PCR methods were chosen because they have high 

sensitivity, specificity, and accuracy in detecting viral genetic material compared to 

conventional diagnostic methods (Tseng et al., 2014). Once the presence of the virus is 

confirmed, the identification of the subtype is carried out through amplification of the HA and 

NA genes, then continued with Sequencing to determine the subtype of the virus and obtain 

information about its genetic characteristics. This approach has proven to be effective in 

supporting AIV surveillance in wild birds, both migratory and endemic birds by monitoring 

the genetic changes of the virus, knowing kinship relationships, and understanding the 

distribution patterns of AIV in the migratory pathways of wild birds (Azeem & Yoon, 2025). 

In contrast to molecular methods that detect viral genetic material so that it describes the 

presence of active infection, serological methods are used to detect antibodies to AIV as an 

indicator of previous exposure to the virus and are able to identify infections that are subclinical 

or asymptomatic. Therefore, serological methods not only provide information about the 

immune status of a population, but are also able to identify infections that are subclinical or 

asymptomatic, describe changes in disease patterns in animal populations, provide information 

for vaccination strategies, risk communication and resource allocation during response to 
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outbreaks  (Badra et al., 2025). Thus, molecular methods and serological methods have 

complementary roles in AIV surveillance. 

The use of these diagnostic methods also affects the detection ability of AIV in migratory 

wild bird populations. This is reflected in the variation in the prevalence of AIV reported in the 

studies analyzed, which show differences in the level of viral circulation in different locations, 

bird species, and sampling periods. Based on the results of this study, the prevalence of AIV in 

migratory wild birds in the Asian and Australian regions ranges from 0.067% to 52%, with the 

lowest prevalence reported by  Shen et al. (2024) in Shandong, China and the highest 

prevalence is reported by Li et al. (2021) in the population Whooper Swan (Cygnus cygnus) in 

China. Despite this, most of the studies analyzed reported a prevalence of AIV below 10%, 

indicating that the virus generally circulates at a relatively low rate in migratory wild bird 

populations. The variation in prevalence suggests that AIV circulation is influenced by various 

interrelated factors, both biological, ecological, and methodological factors. From a biological 

aspect, each bird species has different levels of immunity, migration patterns, and ability to 

defend viruses that affect the chances of infection and spread of the virus (Bui et al., 2017). 

Water birds (waterfowl) and shorebirds (shorebirds) is known to be the main reservoir of AIV 

so it has an important role and maintains the circulation of the virus in nature, even though the 

bird does not show clinical (subclinical) symptoms. From an ecological aspect, the variation in 

the prevalence of AIV is influenced by habitat characteristics, migration seasons, and 

population dynamics of migratory wild birds. Migratory wild birds use wetland habitats as 

stopovers, foraging and resting locations during migration, increasing the frequency of contact 

between individuals and between species and increasing the chances of transmission of AIV 

through direct contact and environmental media, especially feces-contaminated water 

(Vittecoq et al., 2017). In addition, the prevalence of AIV also fluctuates following the 

migration season. In the migration and stopover periods, the mixing of bird populations from 

different migration routes increases the chances of introduction and exchange of viruses 

between populations, while outside the migration season the prevalence tends to be lower 

because the bird population is more dispersed (Lewis et al., 2013). In addition to biological and 

ecological factors, prevalence variations are also influenced by methodological aspects, such 

as the type of sample used, sample size, surveillance strategies, and diagnostic methods applied 

to each study. Molecular methods, such as RT-PCR and qRT-PCR, are more effective at 

detecting active infections through the identification of viral genetic material, while serological 

methods identify antibodies as indicators of previous exposure. These differences in working 

principles can result in different prevalence estimates so that the interpretation of results needs 

to consider the diagnostic approach used. According to Verhagen et al. (2021), variations in 

AIV surveillance results in wild birds are influenced by surveillance design, sampling 

coverage, target species, and spatial and temporal distribution of sampling. 

Overall, the results of this study show that AIV is still circulating in migratory wild bird 

populations in Asia and Australia with a high subtype diversity and variation in prevalence 

between regions and between species. These findings indicate that migratory wild birds act as 

a natural reservoir as well as a medium for the spread of AIV through cross-border migration 

routes without causing clinical symptoms, thus strengthening surveillance in wild bird 

populations, especially in wetland areas and stopover sites (Stopover Sites) is critical to support 
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early detection, monitoring of viral circulation dynamics, and identification of the emergence 

of new subtypes. In addition, limited data from several countries in Asia indicate the need to 

expand surveillance coverage through cross-border cooperation, standardization of diagnostic 

methods, and exchange of epidemiological data in order to obtain a more comprehensive 

picture of AIV distribution. These efforts are in line with the approach One Health, which 

emphasizes multi-sector collaboration between animal health, human health, and 

environmental health in preventing the spread of AIV, reducing risk spillover to domestic and 

human poultry, and strengthen preparedness for potential future outbreaks (Pardini et al., 

2026). The implementation of this approach can be carried out through the integration of 

surveillance systems and early warning systems (Early Warning System) as part of the 

implementation of One Health (Kelly et al., 2020). The integration includes the use of wild 

bird monitoring data to support the application of biosecurity on poultry farms and risk 

assessment at the domestic wild-bird interface (Verhagen et al., 2021). In addition, the One 

Health approach also emphasizes the importance of monitoring community groups at high risk 

of exposure and strengthening cross-sector coordination through the exchange of 

epidemiological data and response to disease events (Bordier et al., 2020). 

 

CONCLUSION 

This study highlighted the important role of migratory wild birds as natural reservoirs 

and potential contributors to the geographic dissemination of avian influenza A viruses (AIVs) 

along migratory routes connecting Asia and Australia. The diversity of detected viral subtypes 

reflected the genetic and ecological complexity of AIV circulation in wild bird populations, 

while variations in reported prevalence suggested potential influences of host species, 

environmental conditions, migration patterns, and surveillance methods. However, the findings 

documented viral detection in the locations covered by the included studies and did not 

establish direct evidence of cross-regional transmission by individual migratory birds. 

Accordingly, integrated surveillance incorporating standardized diagnostic methods and cross-

sectoral collaboration within the One Health framework was recommended to improve early 

detection, strengthen epidemiological risk assessment, and support AIV prevention and control 

in wildlife, domestic poultry, and human populations. Further research should expand 

geographic coverage, particularly in underrepresented Asian countries, and employ 

harmonized laboratory protocols, clearly defined sampling denominators, and integrated 

ecological, migratory movement, and viral genomic sequence data. These improvements would 

strengthen the comparability of surveillance findings and provide a more comprehensive 

understanding of AIV distribution, subtype diversity, and potential transmission pathways 

across the Asia–Australia region.  
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