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 Avian influenza (AI) outbreaks pose severe challenges to low and middle-income 

countries such as Nepal, Nigeria, Bangladesh, Ghana, South Africa, and Indonesia, 

leading to profound economic crises with far-reaching consequences. The 

multifaceted impacts of AI outbreaks on low-income economies shed light on the 

intricate relationship between disease control and financial stability. By reviewing 

the implications for the poultry industry, trade restrictions, food security, public 

health, government legislation, and socio-economic vulnerabilities, we provide a 

comprehensive overview of the economic ramifications of AI outbreaks. AI 

outbreaks cause substantial disruptions in the poultry industry, resulting in significant 

financial losses for farmers and related businesses. The poultry sector contributes 

4%, 1.4-1.6%, 6-8%, and 14% to the national GDPs of Nepal, Bangladesh, Nigeria, 

and Ghana respectively. Imposing trade restrictions on affected regions also 

hampers international trade, reducing revenue and foreign exchange earnings. This, 

in turn, affects food security as poultry products serve as vital sources of protein and 

nutrition in low and middle-income countries. Moreover, AI outbreaks adversely 

impact environmental sustainability by culling infected birds. 
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INTRODUCTION 

 

Avian influenza (AI), known as bird flu, is a viral 

infection affecting birds, particularly poultry (Lycett et 

al., 2019). AI is caused by viruses from the 

Orthomyxoviridae family and is classified as influenza 

virus A, which has a single-stranded and negative sense 

RNA genome (Spackman, 2008). Wild birds like 

waterfowls, gulls, and shore birds act as natural and 

reservoir hosts for the AIV, thus making it an essential yet 

tricky pathogen to eradicate from poultry (Naguib et al., 

2019). Based on the virulence of AIV, it can be divided 

into two groups: Low Pathogenic AI (LPAI) and Highly 

Pathogenic AI (HPAI) (Rebel et al., 2011). The avian 

influenza virus (AIV) has been known to exist in birds for 

centuries. However, the first human case was reported in 

1997 in Hong Kong (Chan, 2002). Since then, several 

avian influenza outbreaks have been reported worldwide, 

with the most significant occurring in Asia and Africa. 

The virus can be transmitted from birds to humans 

through direct contact, and the mortality rate is high, 

particularly among individuals with underlying health 

conditions (Yamaji et al., 2020). 

AI has emerged as a significant challenge for the 

global poultry industry. It threatens public health and 

causes economic losses (Alders et al., 2013). The 

distribution of AI is not uniform worldwide, and it is more 

prevalent in low and middle-income countries (LMICs) 

(Chowdhury et al., 2019). In recent years, unprecedented 

AI outbreaks have affected LMICs, causing economic and 
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public health crises (Magouras et al., 2020). It 

economically affects the poultry industry and other sectors, 

such as tourism and trade (Hunter, 2022). AI outbreaks 

have caused the deaths of millions of birds, ultimately 

affecting the livelihoods of millions of farmers and 

exacerbating poverty in already vulnerable communities 

(Haider et al., 2008). The economic impact of AI outbreaks 

in low and middle-income countries is multifaceted. 

The direct effect is the loss of poultry, which can 

account for a significant portion of a household's income 

(Parvin et al., 2020; Leight et al., 2022). The indirect 

impact includes the loss of revenue for businesses that 

rely on the poultry industry, such as feed suppliers and 

processors. The reduction in poultry supply can also lead 

to increased prices, further reducing the purchasing power 

of low-income households (Apaliya et al., 2022). AI 

outbreaks can also significantly impact international trade, 

as countries may impose trade restrictions on affected 

countries to prevent the spread of the virus. This can lead 

to reduced exports and a loss of foreign exchange earnings 

for LMICs (Zhou et al., 2019). In addition, the increased 

cost of disease control measures can significantly burden 

struggling economies (Keogh-Brown et al., 2020). The 

lack of resources and infrastructure to contain the spread 

of the virus has led to its rapid transmission, resulting in 

significant economic losses (Gong et al., 2020). Many 

farmers have lost their entire flocks, and there has been a 

considerable decline in the production of eggs and poultry 

meat (Thompson et al., 2019). This has not only affected 

the income of farmers but has also led to food shortages, 

particularly among low-income households. The reduced 

supply of poultry products has also led to price increases, 

making them unaffordable for many people (Chand, 2021). 

This review paper discusses avian influenza's global 

distribution, zoonosis, and economic loss. It also explores 

the impacts of the unprecedented avian influenza 

outbreaks and the financial crises in LMICs, their causes, 

and the measures that can be adopted to prevent and 

control future outbreaks.  

 

Global distribution of avian influenza: The first 

outbreak of HPAI Avian Influenza in poultry occurred in 

Italy in 1878; while subsequent outbreaks in domestic 

birds were also recorded in Italy and other European 

countries (Lupiani and Reddy, 2009). HPAI in poultry 

was first observed in the USA from 1924 to 25, which 

caused massive losses to the poultry sector (Alexander, 

2007). By the 1950s, the HPAI virus outbreaks had been 

documented in several European countries, Asia, Africa, 

North America, and South America. The first confirmed 

HPAI H5N1 subtype was isolated from poultry in 

Scotland in 1959 and since then, it has caused global 

outbreaks among domestic and wild birds (Lupiani and 

Reddy, 2009). Similarly, in 1963, the first outbreak of the 

H7N3 virus in poultry (turkey) occurred in England. Some 

H5 or H7 subtypes are highly pathogenic for chickens, 

generating significant worldwide issues for the poultry 

industry (Dhingra et al., 2018). 

In 2011, the United Nations Food and Agriculture 

Organization recognized the H5N1 subtype as enzootic in 

Bangladesh, China, Egypt, India, Indonesia, and Vietnam 

(Le and Nguyen, 2014). The new subtypes of H5, formed 

due to re-assortment between domestic and wild birds, 

led to the emergence of H5N6 and H5N8, which caused 

outbreaks across Asia, Europe, Africa, and North 

America (Saito et al., 2015). In 2015, H5N2 and H5N8 

caused outbreaks in 21 US states and Canada, and HPAI 

H5N8 outbreaks occurred in Asia, Europe, and some 

parts of Africa from late 2016 to 2017 (Brown et al., 

2017; Pantin-Jackwood et al., 2017). During 2020 and 

2021, outbreaks of H5N1, H5N6, and H5N8 were 

observed in commercial poultry flocks, but the worst 

outbreak in commercial poultry was in 2022 due to the 

H5N1 subtype (Wille and Barr, 2022). 

The global distribution of AI viruses is changing. It is 

directly linked with some potential anthropogenic changes 

in the world, such as climate change, agricultural 

intensification, population growth, and globalization of 

trade (Vandegrift et al., 2010). Climate change could alter 

the AI virus's ecology, transmission pattern, 

pathogenicity, warming weather, bird migration pattern, 

and viral transportation, as shown in Fig. 1 (Lane et al., 

2022). Migratory birds such as waterfowls, geese, and 

ducks are the natural reservoir of the AI virus; basically, 

they are involved in the transmission of the virus and 

causing antigenic drift and antigenic shift, as shown in 

Fig. 1 (Blagodatski et al., 2021). Ceaseless changes in the 

global distribution of avian influenza need a sustained 

surveillance and monitoring system under the loop of One 

Health (Sun et al., 2023). 

 

Zoonotic avian influenza: The Avian Influenza virus is 

considered a serious concern for public health. Several 

subtypes of AI viruses, like H5, H7, and H9, have been 

shown to cross the species barrier and infect and cause 

mortality in mammals, including humans. Till now, 12 

different subtypes of Avian Influenza (H5N1, H7N7, 

H9N2, H7N2, H7N3, H10N7, H7N9, H6N1, H10N8, 

H5N6, H7N4, H3N8) have been found to infect humans 

all over the world with 1096 cases leading to fatality 

(Philippon et al., 2020; Yang et al., 2022). The virus 

identifies the α-2-3 cross-linked sialic acid and targets the 

receptors in the distal bronchial, type II alveolar cells, and 

alveolar macrophages to infect humans (Feng et al., 

2021). The natural ability of re-assortment, increased 

potential for human-type receptor binding, and constant 

antigenic variation coupled with the migration of wild 

birds carrying AIVs over a longer distance has led to the 

worldwide spread and might have negative consequences 

for global public health (Medina and García-Sastre, 2011; 

Feng et al., 2021). The primary source of infection in 

humans has been exposure to poultry, and poultry workers 

are at an increased risk of acquiring AIV. From 1997 to 

2019, a total of 881 human cases of Avian Influenza 

(H5N1) were found all over the globe, which resulted in 

the death of 462 (52.4%) individuals (Philippon et al., 

2020). In 1997, the H5N1 outbreak occurred in Hong 

Kong SAR, which was the first incidence of human 

infection by the Avian Influenza virus, and 6 out of 18 

confirmed cases led to mortality of infected. Similarly, 7 

out of 11 infected children died in Hanoi, Vietnam, in 

2004 due to infection with H5N1, and two became 

critically ill (Guilloux, 2007). Indonesia reports the 

highest fatalities of 168 out of 200 infected people by 

H5N1 (Wibawa et al., 2018). Similarly, H5N6 infected 75 

people  in  China  from  2014-2022, of which 49 cases were 



Pak Vet J, 2024, 44(1): 9-17. 
 

11 

 

Fig. 1: Climate change and 
transmission cycle of Avian 

Influenza. Climate change 

plays a significant role in the 
transmission cycle of Avian 
Influenza. The altered 

weather patterns and rising 
temperatures create 
favorable conditions for the 

virus's survival and spread. 
Changes in migration 
patterns of birds, which can 

carry the virus, are also 
influenced by climate shifts. 
Warmer temperatures may 
extend the duration of the 

virus in the environment, 
increasing the likelihood of 
infection. Additionally, 

climate-related disruptions 
in ecosystems can impact 
the habitats and behaviors 

of birds, affecting the 
dynamics of Avian Influenza 
transmission. 

 

 

from January 2021 (Shi et al., 2023). Recently, a human 

case of a novel AIV H3N8 subtype has been documented in 

China (Yang et al., 2022). Human cases of AIV have been 

reported by surveillance of mainly hospital-based cases, 

and the mild infections by AIV might have gone unnoticed, 

causing an underestimation of the approximate value for the 

infections by AIV in humans (Uyeki and Peiris, 2019). The 

H7N9 subtype of Avian Influenza has caused 1568 

confirmed laboratory cases with a case fatality rate of 

39.03%, a potential subtype for human-human 

transmission, and has the most significant potential to cause 

a pandemic (Sun et al., 2021). Though human-to-human 

transmission is minimal, managing these viruses in animals 

is crucial and effective in stopping them from infecting 

humans before the H5 and H7 viruses may spread from 

human to human (Table 1) (Poovorawan et al., 2013). 

 

Challenges for avian influenza vaccination: A vaccine 

can be an efficient method and is a cornerstone for 

preventing AIV (Kim, 2018). The most common 

commercially available vaccines against avian influenza 

are inactivated, oil-emulsified, or whole AIV (Lone et al., 

2017). Vaccination prevents viruses such as avian 

influenza from producing neutralizing antibodies targeting 

the HA glycoprotein (a major antigen-determining factor 

of the influenza virus). However, vaccination for avian 

influenza comes with its challenges (Webster and 

Govorkova, 2014). Firstly, the dissimilarity in the genetic 

base of commercial vaccines and the circulating strain of 

the virus results in an ineffective vaccination. This is due 

to frequent strain changes of the avian influenza virus, 

either due to antigenic drift or antigenic shift (An et al., 

2022). Secondly, due to limitations in financial and 

human resources, developing countries are insufficient in 

vaccine production and the cost of implementing the 

vaccine (Chattu et al., 2021). Influenza A virus, the 

causative agent of avian, is known for its frequent 

mutation by antigenic shift and antigenic drift. Antigenic 

drift involves point mutation in the antibody binding site 

of the virus protein, which is estimated to occur in each 

viral replication (Huang et al., 2015). This change in the 

epitope of the virus inhibits the effect of host antibodies 

that may be acquired by vaccination or natural immunity. 

This makes the previously immune host susceptible to the 

disease again (Oidtman et al., 2021). In addition, keeping 

track of the circulating strain of the virus needs intensive 

surveillance, which can be challenging and affect the 

efficiency of the available vaccine (Silva et al., 2021). 

Similarly, the antigenic shift of the virus occurs due 

to the mixing of genetic materials between different viral 

strains, which is also called genetic reassortment. This 

frequent change in the antigenic property of the avian 

influenza virus makes it challenging to produce an 

effective vaccine to control the disease (Ghedin et al., 

2009). Vaccination can be more effective by closely 

monitoring the spread and change in the avian influenza 

virus strain (Mahase, 2023). Intensive surveillance is 

how developed places such as Hong Kong are free of 

avian influenza (Ninyio et al., 2020). However, to 

implement such strategies nationally, many more 

resources will be needed, increasing the economic 

burden of already expensive vaccine production and 

vaccination (Donadeu et al., 2019). 

 

Economic losses due to avian influenza: Avian 

Influenza virus subtypes like H5N1, H5N2, H5N8, H7N8, 

H9N7, and H9N2 have expanded widely across the globe, 

causing severe economic loss to the poultry sector and 

posing serious public health threats (Liu et al., 2020; 

Blagodatski et al., 2021). Monetary damages from AI 

have varied depending on the viral strain, type of bird 

affected, number of farms involved, control techniques 

employed, and the pace at which control, or eradication 

tactics were implemented (Capua and Alexander, 2006). 

Significant  economic losses due to high mortality and a 

drop in egg  production have been  observed in the poultry
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Table 1: Human infections caused by H5 viruses in LMICs from January 2003 to April 2022 (WHO) 

Country Total reported cases Year AIV subtype Number infected Number of fatalities 

Azerbaijan 8 2006 H5N1 8 5 
Bangladesh 8 2008, 2011-2013, 2015 H5N1 8 1 
Cambodia 56 2005-2014 H5N1 56 37 

Djibouti 1 2006 H5N1 1 0 
Egypt 359 2006-2017 H5N1 359 120 
Indonesia 200 2005-2015, 2017 H5N1 200 168 

Iraq 3 2006 H5N1 3 2 
Lao 4 2007, 2020,  

2021 
H5N1 
H5N6 

3 
1 

2 
0 

Myanmar 1 2007 H5N1 1 0 
Nepal 1 2019 H5N1 1 1 
Nigeria 1 2007 H5N1 1 1 

Pakistan 3 2007 H5N1 3 1 
Vietnam 127 2003-2005, 2007-2010, 2012-2014 H5N1 127 64 

 

sector due to Avian Influenza (both HPAI and LPAI) 

(Gompo et al., 2020; Subedi et al., 2022). The 

expenditures associated with depopulation and disposal, 

high morbidity and mortality losses, disinfection and 

cleaning, quarantine and surveillance costs, and 

indemnities paid for the birds have all been considered 

direct losses in HPAI outbreaks (Sims and Swayne, 2016). 

Indirect costs, however, such as unreimbursed losses to 

the poultry industry, including a temporary or permanent 

decline in poultry exports, income lost by farmers and 

communities during production interruptions, increased 

consumer costs from a decrease in the supply of poultry 

products, and losses from declines in consumer spending, 

can quickly multiply losses by five to ten times. An LPAI 

H7N1 avian influenza virus changed into an HPAI in 

northern Italy, killing over 16 million chickens and 

causing significant economic losses to industry (Monne et 

al., 2014). Since 2005, 389 million poultry have died or 

been culled due to 8534 outbreaks from H5 strains 

worldwide. Three waves of explosions have occurred due 

to the H5 strains of Avian Influenza. The first wave 

(2005-2010) was caused by H5N1, mainly in Asian 

countries, resulting in the loss of 55.2 million poultry. The 

second wave (2011-2019), which spanned worldwide 

(Asia, Europe, Africa, and North America), was 

responsible for the loss of 139.9 million poultry and was 

caused by multiple strains of AIV. The third wave, driven 

mainly by H5N1 and H5N8 strains of AIV, started in 

2020 and has almost resulted in the loss of approximately 

193.9 million poultry until November 2022 (Shi et al., 

2023). In 2015, the United States experienced a severe 

loss of roughly 3 billion USD due to the outbreaks of 

H5N2 HPAI (Blagodatski et al., 2021). Currently, 

outbreaks by the H5N1 subtype of AIV have devastated 

the poultry industry worldwide, causing severe economic 

loss (Rehman et al., 2023). Furthermore, 106 outbreaks 

(2005-2022) of different H7 highly pathogenic avian 

influenza viruses resulted in over 33 million poultry losses 

worldwide. Out of the total outbreaks, 77 were caused by 

H7N3 viruses, losing more than 29 million birds (Woah-

Wahis, 2023).  

 

Problems of avian influenza in low and middle-income 

countries (LMICs): The incidence of AI is spiraling in 

most parts of the world but poses a threat to LMICs such 

as Nigeria, Nepal, South Africa, and Ghana (Otekunrin et 

al., 2019; Subedi and Kaphle, 2019; Tasiame et al., 2020; 

Shrestha et al., 2021; Abolnik et al., 2022). Farmers in 

LMICs such as Nigeria, Nepal, and Ghana know AI 

etiology, clinical signs, and transmission (Timilsina and 

Mahat, 2018; Asare et al., 2021; Oyadeyi et al., 2022). 

Moreover, these factors also play an essential role in 

transmitting HPAI in the Indonesian poultry sector and 

among the human population (Wibawa et al., 2018). 

Developed countries like Australia and the USA are 

equipped to effectively handle an avian influenza outbreak, 

with comprehensive and thoroughly tested strategies 

established to address emergencies related to animal 

diseases. At the same time, LMICs often have limited 

resources and infrastructure to effectively respond to and 

control avian influenza outbreaks (Kuehne et al., 2019). 

They may lack well-equipped laboratories for quick and 

accurate diagnosis, insufficient healthcare facilities, and 

inadequate funding for preventive measures (Acheampong 

et al., 2021; Lasley et al., 2023). Surveillance systems for 

early detection and monitoring of avian influenza may be 

weak or non-existent in LMICs. This makes it challenging 

to identify outbreaks promptly, leading to delayed 

response and increased risk of the virus spreading further 

(Gwenzi et al., 2022). Underdeveloped countries such as 

Nigeria and South Africa may struggle to implement 

effective biosecurity measures to prevent the spread of 

avian influenza among poultry farms (Ijoma et al., 2020; 

Uwishema et al., 2021). Inadequate infrastructure, lack of 

knowledge, and limited resources can hinder the 

implementation of measures like proper waste 

management, restricted access to farms, and hygiene 

practices (Henry et al., 2006; Nicastro and Carillo, 2021; 

Sharma et al., 2020). Poultry farming plays a crucial role 

in the livelihoods and nutrition of many people in LMICs 

(Acharya and Behera, 2019). However, the close 

interaction between humans and poultry increases the risk 

of transmission of avian influenza to humans, potentially 

leading to outbreaks of highly pathogenic strains, such as 

the H5N1 or H7N9 subtypes (Yamaji et al., 2020). LMICs 

often face challenges in providing adequate healthcare 

access to their populations. This can hamper timely 

diagnosis, treatment, and containment efforts during avian 

influenza outbreaks, potentially leading to higher mortality 

rates (Kehlenbrink et al., 2019). 

Addressing the avian influenza problem in LMICs 

requires international cooperation and support (Pannu and 

Barry, 2021). It involves strengthening surveillance 

systems, improving biosecurity measures, providing access 

to diagnostic tools and vaccines, and enhancing healthcare 

infrastructure and capacity (Torreele et al., 2023). Efforts 

should focus on building sustainable systems that can 

respond effectively to future outbreaks and mitigate the 
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impact on human health and the economy (Afrin et al., 

2021). Avian influenza outbreaks often result in the culling 

of infected birds and the implementation of movement 

restrictions to contain the spread of the virus (Guinat et al., 

2020). These measures can severely disrupt the poultry 

industry, leading to a decline in production and a loss of 

income for farmers, traders, and other workers involved in 

the poultry value chain (Ijaz et al., 2021). 

 

Preventive measures to be adopted in low and middle-

income countries (LMICs): Improved preventive 

measures such as vaccination and biosecurity would be 

more effective in LMICs (Parvin et al., 2020). Adopting 

preventive measures in LMICs has consequential impacts 

on the economy, public health, food security, 

environment, and international trade, as shown in Fig. 2 

(Bénard et al., 2023). Avian influenza outbreaks can have 

significant economic consequences, including losing 

poultry stocks, reduced production, and market 

disruptions (Oduoye et al., 2023). Preventive measures 

can help minimize the occurrence of outbreaks, reducing 

the economic losses associated with avian influenza. By 

investing in preventative measures, LMICs can protect 

farmers' livelihoods, maintain stability in the poultry 

industry, and ensure sustained economic growth. 

Globally, highly pathogenic avian influenza, particularly 

certain strains like H5N1 and H7N9, can pose an extreme 

risk to human health. Preventive measures, such as 

biosecurity practices and surveillance, help reduce the 

transmission of the virus from poultry to humans (Leung 

et al., 2023). By focusing on prevention, LMICs can 

mitigate the public health risks associated with avian 

influenza, protecting their populations from potential 

outbreaks and the spread of the virus to humans (Alhaji et 

al., 2023). Poultry products, such as eggs and poultry 

meat, are important sources of protein and essential 

nutrients, particularly for vulnerable populations in 

LMICs. Preventive measures aim to reduce the occurrence 

and impact of avian influenza outbreaks, ensuring a stable 

supply of safe poultry products for the population. This 

contributes to food security and helps safeguard the 

nutritional needs of communities (Chieloka, 2020). In 

countries like Bangladesh, AI outbreaks can result in the 

culling and disposal of infected birds, which can have 

environmental implications if not managed properly. 
 

  
 
Fig. 2: Possible impacts of Avian Influenza outbreaks on LMICs. 

Ultimately, preventive measures, such as improved 

biosecurity practices, disinfection, and waste management 

systems, help reduce the contamination environmental 

impact of avian influenza outbreaks (Islam et al., 2023). 

This contributes to sustainable agriculture and minimizes 

environmental contamination in LMICs (Kaneda et al., 

2023). LMICs often rely on international trade for their 

poultry products. Implementing robust preventive 

measures can enhance the safety and quality of poultry 

products, meet international standards, and facilitate trade 

(Zhou et al., 2019). By demonstrating a commitment to 

preventive measures, LMICs can build trust and 

confidence in their poultry products, opening 

opportunities for export and economic growth (Aday and 

Aday, 2020; Skripnuk et al., 2021). 

Moreover, dynamic facilities of real-time diagnosis of 

H1, H2, H3, H5, H7, and H9 such as RT-PCR, quantum 

dot-based immunoassay, reverse transcription Loop-

Mediated Isothermal Amplification (RT-LAMP), 

fluorescent-magnetic-catalytic nanospheres (FMCNs), 

Neuraminidase-Resistant Glycopolymer-Coated 

Microbeads are not fully available in LMICs (Peng et al., 

2019; Xiao et al., 2019; Li et al., 2021; Yang et al., 2022; 

Yan et al., 2023). The lack of such highly developed 

diagnostics facilities in low-income states affects farmers' 

economies in many ways (Devi et al., 2021). Preventive 

measures are more cost-effective than diagnostics 

facilities to work on surveillance of any outbreak (Peeling 

et al., 2022). 

 

Economic consequences of avian influenza outbreaks: 

The poultry sector contributes 4% to the national GDP of 

Nepal (Gompo et al., 2020), 1.4-1.6% to the national GDP 

of Bangladesh, 6-8% to the national GDP of Nigeria 

(Anon, 2020), 20% of the agricultural GDP of South 

Africa (Makoma, 2022), 14% to national GDP of Ghana 

(Bagbara, 2021). Western Java in Indonesia contains the 

highest poultry population (60%), and most broiler farms 

are smallholder farms. In reaction to an AI outbreak, the 

early selling of poultry birds to the market leads to 

economic losses that small-scale farmers cannot bear 

(Pramuwidyatama et al., 2023). Likewise, both large- and 

small-scale poultry farmers have suffered massive 

financial losses in Bangladesh due to HPAI H5N1 

outbreaks (Rimi et al., 2019). In Nigeria, having suffered 

a huge loss due to HPAI outbreaks in the past few years, 

43% of farmers were discouraged and never returned to 

poultry farming (Agri et al., 2020). The following support 

policies are necessary to control Avian influenza 

epidemics effectively. 

 

Supportive government policies: Avian influenza 

outbreaks can devastate farmer's livelihoods, particularly 

in LMICs, where poultry farming is a significant source of 

income (Cousins et al., 2022). Government support can 

help protect farmers from economic losses by providing 

financial assistance, compensation for culled birds, and 

access to alternative income-generation opportunities 

(Hazell and Varangis, 2020; Moore et al., 2021). In 

countries like Nigeria and Ghana, government support is 

essential in promoting and facilitating the implementation 

of effective biosecurity measures in the poultry sector 

(Oyadeyi et al., 2022). This includes providing public 
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health guidance, training, and resources to help farmers 

improve hygiene practices, secure poultry farms, and 

prevent the spread of avian influenza. Financial assistance 

can also be provided to farmers to upgrade their 

infrastructure and invest in biosecurity equipment 

(Pramuwidyatama et al., 2020). In developing countries 

like Nepal, government stakeholders can establish or 

strengthen surveillance systems to enable early detection 

of avian influenza outbreaks (Lambrou et al., 2020). This 

involves supporting veterinary services, laboratories, and 

field surveillance activities to quickly identify and respond 

to potential cases. Timely detection is crucial in containing 

the spread of the virus and minimizing its impact on 

human and animal health (Krammer and Schultz-Cherry, 

2023). The government should support capacity-building 

programs and educational initiatives to enhance farmers' 

practices and skills in avian influenza prevention, control, 

and biosecurity practices, as poultry farmers and workers 

play a significant role in chain transmission (Jha et al., 

2021). Training programs can help farmers understand the 

risks, improve their farming techniques, and effectively 

respond to outbreaks (Bello et al., 2022). 

Furthermore, governments can play a vital role in 

ensuring access to avian influenza vaccines for poultry 

populations in affected areas (Guyonnet and Peters, 2020). 

They can collaborate with international organizations, 

such as the World Organization for Animal Health (OIE), 

to facilitate the availability and distribution of vaccines. 

Additionally, governments can support veterinary services 

to provide timely diagnosis, treatment, and advice to 

farmers (Varshney and Prasanna, 2020). 

 

Supportive insurance policies: Avian influenza 

outbreaks pose significant financial risks to farmers, 

including losing poultry stock, decreased production, and 

market disruptions (Koh et al., 2022). Insurance 

companies can provide risk mitigation tools, such as avian 

influenza insurance policies, to help farmers recover from 

these losses (Richter and Wilson, 2020). Insurance 

coverage can provide financial compensation and support 

farmers in rebuilding their businesses after an outbreak 

(Pan et al., 2020; Obayelu et al., 2021). Avian influenza 

outbreaks can lead to significant economic losses for 

farmers, potentially pushing them into financial distress 

(Høg et al., 2021). Insurance coverage can provide a 

safety net, ensuring financial stability for farmers and 

protecting them from severe economic hardships. This 

stability allows farmers to continue their operations and 

mitigate the negative impacts on their livelihoods (Rasul 

et al., 2021). Access to insurance coverage for avian 

influenza can give farmers and investors greater 

confidence in the poultry sector. It encourages farmers to 

invest, expand their businesses, and adopt improved 

farming practices (Indrawan et al., 2020). Insurance 

coverage provides a level of security that can attract 

additional investments in the poultry industry, supporting 

its growth and development (Erdaw and Beyene, 2022). 

Insurance companies can contribute to capacity-building 

initiatives for farmers. They can provide training and 

resources on risk management, biosecurity practices, and 

preventive measures to reduce the likelihood and impact 

of avian influenza outbreaks (Bannor et al., 2023). This 

education can help farmers better understand their risks 

and take proactive measures to protect their flocks (Pao et 

al., 2023). Collaboration between insurance companies, 

governments, and other stakeholders can lead to 

innovative insurance products tailored to the needs of 

farmers in LMICs. Public-private partnerships can help 

address farmers' AI outbreak challenges and ensure that 

insurance solutions are affordable, accessible, and 

practical (Mayburd, 2021). 

 

Conclusions: Avian influenza outbreaks in low- and 

middle-income countries (LMICs) can trigger major 

economic crises with wide-ranging repercussions. The 

poultry industry, a prime target, suffers immense losses 

due to production disruptions and supply chain halts. This 

scarcity leads to price hikes, impacting consumers, 

especially those in LMICs who rely heavily on poultry for 

protein. Trade restrictions imposed by unaffected 

countries further devastate the economies of LMICs by 

limiting export opportunities and foreign exchange 

earnings. Moreover, food security concerns become 

paramount, as poultry scarcity and inflation make it 

difficult for vulnerable populations to afford this vital 

source of nutrition. 

Governments struggle under the burden of managing 

outbreaks, allocating resources for surveillance, response 

measures, compensation to farmers, and public health 

campaigns. These substantial expenditures strain already 

limited budgets, diverting funds from crucial sectors like 

education and healthcare. LMICs' inherent vulnerabilities, 

such as weak agricultural systems, inadequate healthcare 

infrastructure, and high poverty rates, exacerbate the 

economic impact of these outbreaks. International 

cooperation is crucial to mitigate these crises. Financial 

aid, technical expertise, and capacity-building initiatives 

can bolster disease surveillance, control measures, and 

alternative livelihood opportunities for affected 

communities. Facilitating trade with appropriate safety 

measures can minimize the blow to the poultry industry. 

Furthermore, investments in strengthening healthcare 

systems, improving agricultural practices, and reducing 

poverty can bolster LMICs' resilience against future 

outbreaks. By acknowledging the intricate interplay 

between avian influenza outbreaks and economic crises in 

LMICs, policymakers, international organizations, and 

stakeholders can collaboratively implement multi-

dimensional strategies that prioritize the well-being and 

livelihoods of affected communities while fostering 

sustainable and inclusive economic development. 
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