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1. Introduction

The H5N1 flu virus, commonly referred to as avian flu or bird flu, is one of the most threatening
diseases to animals and humans worldwide in relation to agriculture and food sector, especially
dairy (Duarte et al., 2024). Although the HSN1 strain of the avian influenza virus is mainly reported
in birds, its zoonotic nature makes it infect mammals, particularly dairy cows, which has elicited
a lot of concern among veterinarian professionals, farmers and researchers. HSN1 threat in dairy
cows is complex since it adds multiple issues concerning animal health, milk production and socio-
economic situations. HSN1 was first reported in birds in the late twentieth century and has been
responsible for several outbreaks fowl resulting in a high mortality in poultry population (Shi et
al., 2023). Described as a zoonotic virus, hence one capable of spreading from birds to humans
and other animals, the virus has received significant attention from researchers. It is therefore
necessary to understand the means through which H5N1 spreads to affect dairy cows. Transmission
involves direct contact with infected bird and its excretion feces, feed and water, and other ways
like contaminated equipment and through humans(Smith et al., 2020). Wild birds, especially birds
that migrate, usually possess the virus and can spread it to other areas ad farms. These numerous
pathways of transmission reinforce the importance of sound animal health measures and supervision.
Avian flu HSN1 can be devastating to dairy cows, causing illness and potential direct or indirect
reduction in production. In particular, affected cows may demonstrate symptoms like respiratory
disorders and gastroenteritis as well as severe neurological signs. These symptoms can indeed
lead to decreased milk production and poor quality thus being a major concern to most farmers
who rear dairy animals. Also, the infection with H5N1 of dairy herds leads to the ban of exports
and the decline of consumer confidence, which only increases the losses (Gulati & Juneja, 2023).

Prevention of H5N1 in dairy cows relies heavily on early identification and passive control.
The identification of early clinical manifestations alongside testing for the virus assists in quarantine
and entails restrictions of the virus transmission. Measures such as supportive therapy for effected
animals, implementation of disease control measures and disinfection, as well as the use of vaccines
where applicable. The social and economic consequences of H5N1 in dairy populations range
extensively. In addition to the direct monetary costs, outbreaks can interfere with local and global
dairy production, leading to scarcities and price shifts in food products. The level of psychological
disruption is also present in farming societies, which might be forced to slaughter their livestock,
and lose jobs (Kappes et al., 2023).

2. Pathways of HSN1 Transmission to Dairy Cows

HS5N1 is a virus that is pathogenic mainly to birds but occasionally affects dairy cows through
direct and indirect transmission (Graziosi et al., 2024).

Direct Transmission: This occurs through the direct interaction with the bird or their excreta
which include feces, saliva and nasal discharge (Ly, 2024). This can be through the cows ingesting
the plants that have been contaminated or through the consumption of contaminated water by the
animals. It raises the likelihood of transmission specifically where poultry and dairy farming is done
in a combined manner as birds and other animals together with farming tools can easily spread the
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virus. Direct Pathway of HSN1 transmission to dairy cows is shown in the Figure 1.
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Figure 1 Direct Transmission of HSN1 Transmission to Dairy Cows

Indirect Transmission: It is also passaged by contact with things like tools, cloths, or vehicles
bearing the stamp of the virus. This implies that the farm workers, veterinarians and visitors can
carry the virus in their belongs from infected poultry farms to dairies. Indirect transmission of
H5NI1 to dairy cows is shown in Figure 2. It may also be transmitted indirectly through water as
the virus can spread on the surface of water after being carried there by dead wild birds (Bauzile
etal., 2022).
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Figure 2 : Indirect Transmission of HSN1 Transmission to Dairy Cows

Airborne Transmission: While considered less probable, HSN1 can also spread through
aerosols carrying infectious droplets. Avian influenza viruses are expelled by infected birds as
aerosolized particles which can be inhaled by the dairy cows particularly when they are locked or
when the houses are inadequately ventilated (Bhalerao et al., 2023).

Human-Mediated Transmission: Humans that are infected with the virus can pass the
virus from one human to another, and in the same manner H5N1 can be transmitted from human
to other animals. The infected poultry handlers spread the disease to other animals including the
dairy cows either through direct contact or through contacting clothes or equipment that has traces
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of the disease. There is also fear that through the use of vision and voice such items as feed and
bedding materials can transmit the virus from one farm to another (Huang et al., 2023).

Wildlife Reservoirs: Wild mosquitoes infected with HSN1 can fly far and spread the virus
across regions and possibly to new regions such as the dairy farms (Marrana, 2022).

Contaminated Feed and Water: Feeding and watering are other means through which HSN1
migrates from one poultry house to another since the feed and water sources are also contaminated
(Beerens et al., 2021). Virus dissemination is possible through droppings of infected birds and
water sources can serve as a vector for the virus. The food and water that is assumed to have been
contaminated with HSN1 must always be clean and safe for use.

3. Clinical Manifestations of HSN1 in Dairy Cows

In dairy cows, the clinical signs of HSN1 influenza are unspecific and affect several systems in
the body. The initial clinical signs, though often vague, may be fever, anorexia, and nasal discharge.
In later stages of the infection, the respiratory signs are characterized by persistent coughing,
dyspnea and nasal and ocular discharge (Rosone et al., 2023). Some of the cows may also develop
symptoms such as diarrhea and stomach ache. In more serious cases, neurological complications
like ataxia, tremor, seizures are observed.

HS5NI also affects the quantity and standard of the milk produced by the animal. Mastitis in
cows leads to reduced milk yield and the quality of milk is affected with higher somatic cell counts
and can be tampered with by bacterial infection (Yoo et al., 2022). In severe cases, blood or clots
can be observed in the milk being secreted by the mammary glands.

Autopsy of affected animals usually shows pathological changes in the lungs, trachea, bronchi,
and gastrointestinal systems. In patients with neurological manifestations, neurological lesions may
also be seen (Zappulli et al., 2020).

H5NI infection in dairy cows can be identified through clinical and laboratory examination
including PCR to identify HSN1 genetic material. Management mainly consists of supportive
measures such as isolation, adequate fluid and electrolyte replacement, nutrition, and antibiotics
for secondary bacterial infections. The outcome depends on the extent of the infection as well as
the response to treatment.

4. Impact on Milk Production and Quality

H5N1 avian influenza infection in dairy cows leads to a significant decrease in milk production
due to several factors: Focal infection, especially common in the form of fever and illness, dehydration,
and respiratory troubles are some of the complications (Polley et al., 2022). These it depletes the
energy, appetite, and water in the cow, which are all required to produce milk in large quantities.
Likewise, (Kim et al., 2010) also consider that HSN1 has an effect on the physical distress of the
affected animals, which in turn aids to divert energy from milk production.
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Table 1: Impact on Milk Production and Quality

Impact Observed Effects Underlying Mechanisms
Area
Animal * Fever, illness, * Direct pathogenic effects of HSN1 virus
Health respiratory distress | * Potential for secondary bacterial infections
* Increased due to weakened immune system
susceptibility to * Immunosuppression caused by H5N1 infection
other diseases
Milk Significant decrease | Focal infection (fever, illness) leading to
Production |in milk yield energy depletion and reduced appetite
* Dehydration and respiratory issues
further hindering milk synthesis
* Physical distress diverting energy from
milk production (Kwon et al., 2005)
Milk Contamination * Presence of H5N1 virus particles or
Quality of raw milk secondary bacterial contamination
* Increased somatic cell count (SCC)
indicating inflammation or mastitis
* Altered fat and protein content due to stress and
illness, impacting taste and processing properties
Economic | Reduced profitability | ¢ Lower revenues due to decreased milk quantity and
Impact of dairy animal|quality
production * Increased costs for veterinary services, feed, and potential
animal removal
* Negative marketrepercussions due to milk safety concerns,
leading to lower milk prices or market restrictions
* Long-term economic impacts: decreased returns on dairy
farming, potential unsustainability for small farmers due
to vaccination, culling, or movement restriction costs
(especially with increased H5N1 circulation)

Apart from the raw milk production, HSN1 affects the quality of raw milk since infected
cows have contaminated milk as shown in Table 1. The milk also becomes more inclined to exhibit
increased somatic cell count (SCC) signifying inflammation or mastitis which hampers the quality
of milk making it less preferable for processing. In aggravated cases, the milk may contain the virus
particles or secondary bacterial contamination which may be hazardous to the health of consumers.
They also lead to stress and illness, which can reduce milk production or increase the fat and protein
content, resulting in poorer taste and prospectively and processing properties.

These changes in milk production and quality therefore have a direct impact on the economic
profitability of dairy animal production. These are the animal productivity losses and include a
decrease in the quantity and quality of milk produced, which may lower revenues while costs for
veterinary services, feed and, in some cases, removal of affected animals rise. Furthermore, issues
relating to milk safety or quality may have negative repercussions on markets and customers,
pushing down milk prices, or even limits access to market by consumers. The more the HSN1
viruses circulate, the greater the potential for long-term economic impacts: the returns on dairy
farming can decrease significantly and, for small farmers in particular, may not be sustainable due
to costs associated with vaccinations and culling or movement restrictions (Kim et al., 2010).

5. Immune Response to HSN1 Infection

It has been observed that a dairy cow’s immune system initiates a complex kind of defense
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mechanism when it is infected with the HSN1 influenza virus (Algazlan et al., 2022).

1. Innate Immune Response: This is the first response that the human body deploys in
its defense and entails putting up barriers such as mucous membranes and recruitment of cells
including macrophages and dendritic cells (Peiris et al., 2009). These cells help in preventing viral
replication and also release special chemical substances called cytokines which help in regulating
the overall immune response. It also stimulates the inflammation to confine the infections as part
of the innate response.
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Figure 3: Immune Response and Vaccination Strategies in dairy cows

2. Adaptive Immune Response: This response is more specific and entails the development
of antibodies by B lymphocytes cells that can specifically identify and inactivate the HSN1 virus.
Many other immune cells are involved in this fight, including specialized T cells: cytotoxic T
lymphocytes that are able to find and kill infected cells. Immune Response and Vaccination
Strategies in dairy cows are shown in figure 3. Once the pathogens infect the body, immunity
cells are created as a memory that lasts and can protect a person in case of subsequent exposure
to H5N1 (Lee et al., 2009).

Challenges In Immune Response

1. Antigenic Variation: The H5N1 virus demonstrates high mutation rates and antigenic drifts
that alter the virus’s surface proteins. This makes escapes the immune system and thus can easily
produce new strains that will be very hard for the immune system to combat (Velkov et al., 2013).
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2. Immunosuppression: HSN1 has immunosuppressive properties that weaken the immunity
of the cow and causes susceptibility to other diseases (Schat & Skinner, 2022).

3. Variable Immune Responses: There are differences from one cow to the next in terms
of its immune system and thus it is not the same affected or protected (Trevisi & Minuti, 2018).

Vaccination Strategies

It was found that vaccination remains a very effective option in the prevention and management
of H5NI infections in dairy cows. Strategies such as proper immunization can help increase the
level of immunity in a population, limit the virus’s circulation, and minimize the consequences of
the epidemic (Abdelwhab & Hafez, 2012).

Types of Vaccines

1. Inactivated Vaccines: These consist of inactivated viruses that are able to trigger production
of antibodies within the immune system besides not being able to cause an illness.

2. Live Attenuated Vaccines: These employs attenuated live viruses which are very effective
in the production of immunity though they pose a slight risk of inflicting illness.

3. Subunit Vaccines: Of these, some contain viral proteins or antigens and are therefore safe
but their effectiveness may need to be boosted through the addition of adjuvants.

4. Recombinant Vector Vaccines: These employ non-pathogenic viruses or bacteria which
act as vectors to present the HSN1 antigens and elicit persistent immunity.

Vaccination Protocols
Effective vaccination protocols include (Gisbert et al., 2012):

1. Primary Vaccination: The first set of shots to help create immunity against a pathogen
or toxin.

2. Booster Shots: A booster that every now and then is required to boost the immune system.

3. Herd Vaccination: This involves vaccinating all the animals within a given population
to enhance the levels of immunity within that population.

4. Strategic Vaccination: Focused immunization of the at-risk cattle or areas when there is
an epidemic.

Efforts to produce useful HSN1 vaccines that can be deployed for protection of the dairy
cows are hampered by the high mutation rate of the virus, safety and efficacy testing, as wells as
challenges involved in production and distribution of the vaccines (Okello, 2013).
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Figure 4: Types of Influenza Vaccines6. Preventive Measures and Biosecurity

The awareness and control of HSN1 avian influenza from entering into and circulating in the
dairy cows are essential to the health and productivity of the animals. This demands an integrated
approach that accord much consideration to measures aimed at minimization of disease entry and
proliferation within and between farms (Authority et al., 2018).

One of the major components of bio security is accommodation and layout of the farm. It
was revealed that avoiding exposure of dairy cows to HSN1 sources such as wild birds and other
poultry farms was effective in reducing transmission risks within the farm (Gao et al., 2024). This
might entail construction of some barriers, housing of various animals separately, and placement
of feed and water in appropriate areas.

Another crucial intervention is the necessity to control the access to the farm. Restricting
only the management, workers, and vehicles importantly prevents the circulation of contaminated
persons and items. It can also be supported by stricter measures enforced at the time of entry and
exit into the premises, washing or disinfection of vehicles and footwear (Wireman, 2003).

Survival of HSN1 on equipment, vehicle, and facilities must be minimized through regular
cleaning and disinfection. This is even more crucial especially where the input belongs to more
than one farm or different personnel. It is important that the standards of cleaning and disinfection
should be instituted and practiced so as to enhance the efficiency of these practices.

Measures of quarantine are significant as they help avoid the set in of HSN1 into a dairy
population. New animals, animals brought back from shows or markets and those with clinical
signs consistent with diseases should be isolated and observed for 7 days before being integrated to
the main group. This makes it possible to identify and quarantine people who have possibly been
infected with the virus to help curb the outbreak (Yadav et al., 2020).

Another interesting feature of biosecurity is wildlife management. Wild birds are considered
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as natural hosts of H5N1, especially water birds. Exclusion of wild birds from the farm through
use of barriers such as nets, or prevent their approach through using repellants will help minimize
contact with the dairy cows. Moreover, feed and water availability should also be safeguarded to
prevent contact with wild birds (Feare, 2010).

It is, therefore, very crucial to make sure that feed and water are safe. Proper storage of feed
at a safe place and away from birds especially the wild ones that spread HSN1 virus helps avoid
contamination (Kelly et al., 2008). The aspects such as water testing and treatment can be a way
of eradicating the spread of the virus through water sources.

The other factor that should not be neglected is hygiene of people working on the farms
and the tools they use. Treating and ensuring the proper utilization of personal protective gears
like boots, coveralls, and gloves when dealing with the HSN1 infected cows or handling objects
that may have come into contact with infected cows would help in curbing the spread of the virus
from the affected area of the farm to other sections. Cleaning techniques include regular washing
of shared equipment such as milking machines, milking tools and utensils after use or when used
with infected animals to reduce cross contamination (Organization, 2006).

Determination of HSN1 at an early stage is a crucial step to enable prompt action and prevent
its spread. Dairy cows should be checked frequently for clinical symptoms of diseases that could
show early signs of an outbreak of the disease, including respiratory distress, low productivity,
and weird behavior (Poovorawan et al., 2013). PCR and other diagnostic tests can help detect the
presence of the virus in such occurrences and ensure that control measures are taken immediately.

High levels of public awareness are important when it comes to the practice of biosecurity in
human societies. The business side of combatting HSN1 includes making sure that all farm personnel
undergo and understand biosecurity procedures, disease identification, and emergency response
measures. Interaction with colleagues in the field of veterinary medicine, industry associations,
and governmental institutions helps to achieve synergy in the fight against diseases.

7. Economic and Social Impacts

Epidemics of HSN1 avian influenza in infected and neighboring dairy farms bring significant
social and economic impacts to these farms and the overall dairy farming sector (Proenga-Mddena
et al., 2007).

Economic Impacts
Direct Economic Impact:

* Loss of Milk Production: Milk production is influenced and this in turn influences the
amount of money that a farm will generate (Somda et al., 2005).

* Increased Costs: Other costs include veterinary treatment, drugs and improved breeds
securities which are costly.

¢ Culling and Losses: If the animals are infected or have been exposed to the virus, they will
be slaughtered; this will cause a loss of money.

Indirect Economic Impact:

» Market Disruptions: Concerns about the purity of milk during epidemic contribute to the
economy since it leads to changes in the prices of milk and hitches in selling milk products.

* Supply Chain Challenges: The processors and distributors face a challenge when it comes
to attaining and maintaining the right volume of milk supply.

* Long-Term Financial Stability: Any outbreak of the disease puts a very huge cost to the
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dairy farms, and particularly to small scale farming businesses that can be greatly affected.
Social Implications

* Livelihood Threat: Most of the affected communities rely on dairy farming as their source
of income hence, economic loses are against their welfare.

» Community Stress: Measures aimed at controlling and preventing outbreaks may lead to
heightened anxiety and stress in farmers and communities that would need friends and resources
for mental health.

* Education and Awareness: Knowledge about the HSN1 virus and biosecurity measures is
an important component of capacity-building for farmers fighting the disease.

Policy and Governance

* Biosecurity Regulations: Governments have to offer various bio-security features like
observation, immunization, and reporting of every disease.

* Financial Support: Assistance in the form of guarantees, subsidies or insurance might help
dairy farmers to overcome such an economic blow.

* International Collaboration: Hence, collaboration and cooperation at the international level
is important for early detection, follow up action and to prevent virus circulation across the borders.

Future Challenges and Strategies

* Research and Innovation: A lot of money is needed for research if better vaccines, improved
diagnostic tools, and ways to contain the disease are to be produced.

» Community Resilience: This would educate, train and provide support networks so that as
communities, they would be ready as well as be in a position to handle the effects of the outbreak.

» Adaptive Management: It is thus important to increase the adaptive capacity when dealing
with change such as viral mutagenesis in dairy farming systems.

8. Future Directions and Research Needs

Dairy industry towards HSN1 influenza is still under pressure and so further studies and more
developments are necessary for better handling of diseases control and preparedness for adverse
effects (McLeod, 2010).

Emerging Trends

1. Antigenic Evolution: This is alongside the fact that mutation of the HSN1 virus is not only
a one-off occurrence but this has led to the appearance of new strains that affect different species,
in this instance, dairy cows, in different ways (Scoones, 2010).

2. Globalization and Trade: Circulation of products and animals across international borders
helps in virus spread across borders which makes international cooperation to be very essential
(Cartin-Rojas, 2012).

3. One Health Approach: It is due to the social acceptance of the One Health concept in
addressing diseases that are realized to have human-animal-environmental interface aspects like
zoonotic H5N1 (Zhou & Tanner, 2022).

Research Gaps

1. Vaccine Efficacy: As such, more researches need to be made for purposes of assessing
the existing HSN1 vaccines being administered to the dairy cows on various aspects including on
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the duration of immunity offered and cross protection against other strains.

2. Transmission Dynamics: In the context of such transmission paths, the dynamics of
H5N1 within dairy farms and between several farms have to be appreciated so as to come up with
a control mechanism.

3. Host Immune Response: Further investigations will be conducted on survival of HSNT1 in
dairy cow and the objective is to identify immunological markers of protective immunity against
avian influenza and facilitate the development of new vaccines.

4. Antiviral Strategies: More detail research on new antiviral drugs and therapy may assist
in finding out other therapies applicable in treating the affected cows.

Innovative Approaches

1. Genomic Surveillance: Such awareness of the genetic changes in the virus makes it easy
to predict and also develop appropriate vaccines (Gardy & Loman, 2018).

2. Precision Vaccinology: Some suggestions of course, could be improved by stating the
particular HSN1 strains for which the vaccine should be developed.

3. Digital Health Solutions: Increased mHealth utilization for reporting diseases and insights
collection can improve surveillance and reaction.

Collaborative Initiatives

1. Public-Private Partnerships: COD Promotes: increasing collaboration with federal/state
universities, industry and others in the areas of communication, research & grant support, funding
and technology transfer.

2. International Cooperation: The studies have it that the schemes which foster dissemination
of information, development of capacity among the partners, and collaboration in research enhance
the global level of preparedness.

3. Community Engagement: Efforts can therefore be made to ensure that farmers and
other members of the communities participate in research and education so as to take up the task
of combating diseases.

Future Directions

1. Enhanced Surveillance: Encouraging the application of various surveillance systems to
pinpoint and alert the disease and likely occurrences early enough.

2. Capacity Building: The preparedness of diagnostic laboratories, veterinary services, and
public health structures that have to be strengthened for increasing the capacities of response.

3. Resilience Building: Increase support from extension agents; educate; also devise
contingencies for the dairy farming and financial scenarios in case of an outbreak.

9. Summary

The threat of HSN1 influenza is even higher for dairy cows, as the problem is quite diverse
and requires not only local but also systemic solutions to prevent and deal with. They concluded
that the virus presents severe economic risks to dairy farming such that milk production lowers,
operation costs raise, and the market situation becomes fragile. The disease also has far reaching
consequences economic, both for farmers and welfare of rural folks. Vaccination, identification of
infected birds promptly, and other matters that pertain bio-security measures are essential to reduce
the transmission of HSN1 and hence the impact in the different dairy herds.
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Improving global networking and research funding are vital to the creation of better vaccines,
diagnostic measures, and ways to address viral diseases. Genomic surveillance precision vaccinology
and digital health solutions point to potentially major directions to enhance disease prevention and
control. Moreover, preparing the dairy farming communities for disasters and building their capacity
to cope with adversity is also an important proactive step. According to the principle of One Health
and development of cooperation with the stakeholders it may be speculated that the effectiveness
of HS5N1 outbreak preventing, detecting and responding would be enhanced and animal health,
food security as well as public health globally may be preserved.
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