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Abstract: Zoonotic diseases refer to infectious diseases caused by pathogens that infect or parasitize 
both humans and other vertebrate animals. In recent years, the novel coronavirus disease (COVID-
19) has been known to be a zoonotic disease. Academic fields related to zoonotic diseases include 
veterinary medicine and virology. According to a report by the Food and Agriculture Organization 
of the United Nations (FAO), approximately 70% of new human infectious diseases identified since 
1940 are of animal origin. On the other hand, approximately twice as many pathogens are transmitted 
from humans to animals as are transmitted from animals to humans. In other words, humans are a 
major source of infection for animals. Due to increased opportunities for various animals to be 
imported and kept as pets, pathogens that were previously rare or unknown can suddenly appear in 
human society. Alternatively, there are ethnic groups in the world who eat wild birds and animals 
that are not sufficiently cooked, and there have been cases of pathogens infecting wild birds and 
animals being transmitted to humans. If a zoonotic disease caused by a new pathogen like this 
becomes prevalent as an emerging infectious disease, there is a high risk of it becoming a pandemic 
because humans have not yet acquired immunity to the new pathogen. This problem was clearly 
evident in the Severe Acute Respiratory Syndrome (SARS) pandemic that emerged in 2003 and the 
COVID-19 pandemic caused by infection with SARS-CoV-2, which was identified in 2019. In this 
review, we discuss the importance of management practices and current information on zoonotic 
diseases in outlets selling live wild birds and wildlife for consumption. 
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Introduction 

Highly pathogenic avian influenza (HPAI) is a viral disease of birds with zoonotic potential 
caused by influenza virus belonging to the family orthomyxoviridae. It is one of the most 
economically important diseases of birds causing a huge economic burden to poultry sectors 
worldwide and it is endemic in many countries in Asia and Africa [1–4]. Thus, great strides have been 
made by different countries to prevent and control HPAI. However, they seem to have failed to 
effectively control of HPAI, which is partly attributed to the fact that control programs have failed to 
include some of the key drivers of HPAI transmission such live bird markets (LBMs). 
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The 5H1N Virus That Infects Dairy Cows Genetically Modifies in the Living 
Dairy Cow, Increasing Its Infectivity to Humans 

LBMs are an essential component of poultry marketing systems in low- and middle-income 
countries, where people prefer to purchase live poultry for consumption rather than frozen meat. 
These LBMs, where birds of different species are brought together from different geographical areas, 
facilitate the mixed selling of live poultry birds which in turn facilitate the transmission, evolution, 
and spillover of pathogens carried by marketed birds [5]. Furthermore, LBMs create a network of 
contacts between poultry birds and the human, which may pose a danger to public health by 
facilitating the transmission of zoonotic diseases if proper hygiene sanitation and biosecurity 
measures are not followed. Several previous studies have found that LBMs are hotspots for avian 
influenza viruses [6–12] and are linked to outbreaks of HPAI [5,6,13–16]. For instance, the human 
outbreak of H5N1 in 1997 [13,14] and the SARS outbreak in 2003 [12,17] were both linked to LBMs. 
Furthermore, these LBMs are found to have poor hygienic practices, poor biosecurity measures and 
a high density of birds and humans, all of which facilitate the transmission HPAI virus [6,12,18–21]. 
Furthermore, the frequent introduction of susceptible, unimmunized bird populations increases the 
numbers of susceptible animal populations in LBMs as well as the likelihood of ongoing transmission 
of viruses to other areas. Besides that, the frequent movement of humans to and from LBMs 
contributes to their spread to humans. This was the case with H5N1, where the strain was developed 
through genetic re-assortment in poultry birds and got spillover into humans [22]. Given the close 
contact, they may spread into susceptible bird populations and humans, entering either the poultry 
value chain or food chain systems, regardless of how stringent the surveillance systems and 
biosecurity measures are. Thus, there is a high chance that those live bird markets are helping the 
spread of the HPAI virus. Furthermore, there could be circulation of more than one strain of virus 
whose genome may recombine and lead to the development of new novel variants that are more 
virulent as already evinced in the case of the H5N1 [22,23]. Specifically, when H5N1, which infects 
farmed poultry, infects dairy cows, genetic modification occurs within the body of the cow. As a 
result, it has been shown that a strain of H5N1 that is highly infectious to humans is produced (Figure 
1). In recent years, there have also been reports of H5N8 [24–27] and H7N9 [25,28] strains developing 
through genetic re-assortment and spillover into human population, which could later may turn into 
a global pandemic by acquiring sustained human-human transmissibility. 

 

Figure 1. Genetic reassortment. When a given cell is infected by two H5N1 viral strains, hybrid viruses can be 
generated by exchanging their segmented genome, a mechanism called “genetic reassortment. Dairy cows can 
be infected by both avian flu and human influenza viruses, because the glycans in the upper respiratory tract 
express sialic acids with not only an α-2,3 linkage but also an α-2,6 linkage. When avian and human influenza 
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viruses coinfect dairy cows, hybrid viruses could be generated in the body of dairy cows. The infectivity of the 
hybrid viruses appears to be enhanced. 

Hygiene Management of LBM Is Important to Prevent the Spread of Zoonotic 
Diseases 

Given their role avian influenza transmission dynamics, including that of HPAI, LBMs have 
been a primary target for AIV control strategies aimed at reducing virus circulation in the LBMs. For 
example, during a zoonotic outbreak of H7N9 in China in 2013, closing LBMs was shown to be 
remarkably effective in reducing the risk of human infection by up to 99% [13,15]. Control strategies 
implemented in LBMs have also been found to significantly reduce AIV detection rates in poultry 
[13]. A monthly rest days with a routine market closure followed by the slaughter of unsold poultry, 
a ban on the sale of live quail, and a ban on overnight storage of live poultry all helped to control 
HPAI in Hong Kong [16]. Therefore, it is clear that LBMs may help in the maintenance and 
transmission of the HPAI virus, and their role in the transmission of the HPAI virus should not be 
overlooked. 

It is necessary to conduct research to understand the transmission dynamics of HPAI in LBMs 
while taking into account the local ecological and epidemiological drivers as well as to assess the risk 
of potential maintenance and transmission to poultry birds and spillover into humans leading to 
public health risks. It is imperative to develop and implement stringent and meticulous surveillance 
systems based on “rigorous scientific risk assessment” to detect viruses on time, as well as devise and 
implement effective preventive and control strategies based on “rigorous scientific risk assessment”, 
improve the hygiene and sanitation of the LBMs, and prevent mixing of birds of different species, to 
prevent the transmission and spillover of viruses so as to mitigate the threat of LBMs acting as 
reservoirs or sources of HPAI and safeguard both the associated animal and public health. 
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