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Simple Summary: The dairy industry in low-and-middle-income countries (LMICs), including
Nigeria, faces critical challenges in maintaining cow welfare and udder health, both of which
directly influence milk production and quality. Subclinical mastitis (SCM) is a significant but often
overlooked issue due to its asymptomatic nature, leading to reduced productivity and economic
losses. Many farmers and veterinarians struggle with early detection and management due to
resource constraints and limited awareness of diagnostic tools. This review examines three
diagnostic methods — California Mastitis Test (CMT), White Side Test (WST), and Draminski
Mastitis Detector (DMD) — that can identify SCM in its early stages, thereby preventing further
complications. Additionally, the study investigates the microbiological and histopathological
aspects of udder health to better understand the underlying causes of infections. The insights gained
provide practical guidance on improving diagnostic approaches and management practices,
contributing to enhanced cow welfare and dairy productivity. Although this review focuses on
Nigeria, the lessons learned are applicable to other LMICs, helping to bridge knowledge gaps and
promote sustainable dairy farming.

Abstract: Subclinical mastitis (SCM) represents a pervasive challenge in dairy farming, particularly
in low-and-middle-income countries (LMICs), where its detection and management remain
inadequate. The condition, often undetectable without diagnostic tools, compromises milk quality,
reduces yields, and imposes significant economic and public health burdens. This review explores
key strategies to address SCM by evaluating three diagnostic techniques — California Mastitis Test
(CMT), White Side Test (WST), and Draminski Mastitis Detector (DMD) — which are accessible and
effective in identifying early-stage infections. Beyond diagnostics, the review delves into the
microbiological analysis of bacterial pathogens associated with udder infections and
histopathological investigations to identify microscopic tissue changes. By synthesizing these
approaches, the review offers a perspective on udder health and its implications for cow welfare
and dairy productivity. Although focused on Nigeria, where data on udder health and cow welfare
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are limited, the findings highlight broader lessons for LMICs with similar challenges. This review
emphasizes the importance of integrating early detection, targeted interventions, and evidence-
based management to mitigate the impact of SCM, improve cow welfare, and enhance dairy sector
sustainability. The recommendations aim to benefit farmers, veterinarians, researchers, and
policymakers committed to advancing the productivity and resilience of the dairy industry.

Keywords: cow welfare; udder health; subclinical mastitis; dairy industry; mastitis detection

1. Introduction
1.1. Background

The welfare and health of cows are critical to the productivity and sustainability of the dairy
industry [1,2]. Cow welfare encompasses various aspects, including nutrition, housing, health care,
and overall management practices that impact both the physical and psychological well-being of the
animals [3]. Inadequate welfare can lead to stress and disease, ultimately affecting milk production
and quality [2,4]. Udder health, particularly the incidence of mastitis, is a significant concern, as it
directly influences the quality and quantity of milk produced [5].

Globally, the dairy sector is an integral part of the agricultural economy, providing essential
income for farmers and nutritious products for consumers [6,7]. The sector contributes significantly
to food security and rural development, with dairy products being a crucial source of protein and
other nutrients [8]. Despite its importance, there has been limited research on the welfare and health
of dairy cows in Nigeria. Most studies focus on production metrics rather than the conditions
affecting cow welfare and udder health [9-11].

Poor welfare and udder health can lead to reduced milk production, lower milk quality, and
increased susceptibility to diseases, which together threaten the viability of the dairy industry [5,12].
Mastitis an inflammation of the mammary gland, is one of the most prevalent and costly diseases
affecting dairy cows globally, and subclinical mastitis (SCM) is an non-symptomatic form of
intramammary inflammation that affects up to 20-50% of cows in given herds [13,14]. The typical
pathogens isolated from mastitis and SM include but are not limited to Streptococci organisms, S.
aureus, coagulase-positive Staphylococci, coagulase-negative Staphylococci, and E. coli [15,16]. SCM can
significantly reduce milk yield and alter milk composition [17].

In Nigeria, dairy cows, including the Sokoto Gudali and White Fulani breeds (Figure 1), are
primarily raised on farms and in households [18,19]. These settings offer varying levels of resources

and management practices, which can impact cow welfare and udder health in different ways.
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(a) (b)
Figure 1. (a) Sokoto Gudali and (b) White Fulani breeds of cow, both commonly used in dairy
production in Nigeria. The Sokoto Gudali, or Bokolo, is known for its large frame, short horns, and

predominantly white or light-colored coat with black patches. The White Fulani, or Bunaji, features a
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more slender build, long curved horns, and a white or light grey coat, often with dark spots. Both
breeds are valued for milk and meat production in Nigeria.

Economically significant breeds, such as the Sokoto Gudali and White Fulani, along with Red
Bororo and other less common breeds (Figures 1-3) are frequently used in dairy production While
these breeds are well-adapted to the local climate [20-22]. , they are often raised in suboptimal
conditions that can negatively impact their welfare and health. The particular factors influencing their
welfare and udder health have not been thoroughly studied, hindering the development of specific
interventions.

(a) (b)

Figure 2. Photographs depicting two Nigerian cattle breeds: (a) Red Bororo, also known as Rahaji,

characterized by its distinctive reddish coat and long, curved horns, known for its hardiness in arid
regions; (b) Adamawa Gudali, a breed with a more robust build and shorter horns, typically found in
the savanna regions, valued for both milk and meat production.

There is limited data on cow welfare and udder health in Nigeria, particularly across different
settings such as farms, households, markets, and slaughterhouses. This lack of information hinders
the development of effective management practices to improve cow welfare and milk production.
Without a clear understanding of the current state of cow welfare and udder health, it is challenging
to identify risk factors, develop preventive strategies, and enhance overall productivity in the dairy
industry. Addressing this gap is essential for improving the health and productivity of dairy cows,
ensuring high-quality milk production, and sustaining the economic viability of the dairy sector in
Nigeria.

This review seeks to address the knowledge gap on cow welfare and udder health across
different environments and cow breeds in Nigeria. By providing a comprehensive overview, we seek
to address prevalent issues, understand risk factors, and suggest practical improvements in
management practices. These recommendations will be vital for policymakers, veterinarians, and
farmers in making informed decisions that enhance the sustainability and productivity of the
Nigerian dairy industry.
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Figure 3. Photographs showcasing crossbreeds of Sokoto Gudali cattle: (a) Guernsey-Sokoto Gudali,

a hybrid exhibiting the Guernsey's distinctive coloring and dairy traits combined with the hardiness
of the Sokoto Gudali; (b) Friesian-Sokoto Gudali crossbreed, merging the high milk yield capacity of
the Friesian with the adaptability and resilience of the Sokoto Gudali, suited to diverse environmental
conditions.

2. Udder Health
2.1. Impact on Milk Production and Quality

Udder health is a pivotal factor in maintaining high standards of milk production and quality
[5,23,24]. Mastitis, particularly in its subclinical form, poses a significant challenge to dairy operations
by negatively affecting both milk yield and milk composition [9,25,26]. Understanding these impacts
is crucial for effective management and improvement of dairy farm profitability and product quality.

2.1.1. Decrease in Milk Yield

This decrease is primarily due to the inflammatory response triggered by the infection, which
disrupts the normal functioning of the mammary gland [27,28]. Research has demonstrated that cows
with SCM can experience up to a 20% reduction in milk yield compared to healthy cows [29]. The
milk losses ranged from 0.07 to 1.4 Kg/quarter milking according to the pathogen causing SCM [9].
The inflammation affects the milk-secreting cells, leading to a lower volume of milk produced per
milking [27]. This reduction in yield not only impacts the daily output of milk but also has cumulative
effects over time, contributing to significant economic losses for dairy producers. For SCM, there is a
significant increase in somatic cells in the milk leading to changed milk composition, enzymatic
activity, increases matrix metalloproteinases (MMPs) and Lipopolysaccharide (LPS) with
implications on milk stasis, infection, and micronutrient deficiency [30].

2.1.2. Alterations in Milk Composition and Quality

In addition to reducing milk yield, SCM can alter the composition of the milk. Key components
affected are discussed below.

Elevated milk leucocytes or Somatic Cell Count (SCC), a primary indicator of mastitis and
reflects the immune response to infection. Normal milk SCC levels are typically below 200,000
cells/mL, but in cases of SCM, SCC can rise significantly, often exceeding 500,000 cells/mL [31-38].
High SCC can affect milk quality and processing characteristics, leading to potential rejection by
dairy processors or lower prices for milk [39-42].

Subclinical mastitis (SCM) can lead to a decrease in milk fat content. Studies have shown that
milk from cows with high SCC often has lower fat percentages, which can affect the taste, texture,
and quality of dairy products such as cheese and butter [40,43—48]. Lower fat content can reduce the
yield of dairy products and affect their market value.

Similar to milk fat, milk protein levels can also be impacted by SCM, e.g. lower milk fat content
and altered composition can affect the texture and taste of butter and yogurt. Milk from infected cows
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with altered protein composition, affects the functional properties of milk in dairy products [40,48—
51]. Changes in protein content can influence the quality and texture of cheese and other dairy
products, potentially leading to processing challenges.

Subclinical mastitis (SCM) can cause a reduction in lactose levels in milk. Lactose is crucial for
the sweetness and texture of dairy products. Reduced lactose content can lead to a decrease in the
overall quality and consumer acceptance of dairy products [41,48,52,53].

Altered milk composition can result in defects in texture, flavor, and overall quality of cheese
[54-59]. The consistency and quality of these products are influenced by the composition of the milk,
and SCM can lead to inferior products that may not meet consumer or processor expectations
[40,46,47].

3. Economic Implications

The economic impact of SCM extends beyond direct reductions in milk yield and alterations in
milk composition.

Lower milk yields and altered milk composition can lead to reduced profitability for dairy
producers [60,61]. The financial loss from decreased milk production and potential penalties for poor
milk quality can be substantial. In some cases, the cumulative effect of reduced milk yield and altered
milk quality can significantly impact the overall financial stability of dairy operations.

The costs associated with managing SCM include veterinary expenses, labor for monitoring and
treating affected cows, and potential costs related to culling animals with persistent issues. These
additional costs further impact the economic viability of dairy farms [25,62-65].

Dairy processors may impose penalties for milk with high SCC or altered composition, which
can affect the revenue received by dairy producers. The quality of milk is crucial for meeting industry
standards and consumer expectations, and any deviations can lead to financial repercussions [41,66].
Specifically, the costs can be apportioned into the following:

3.1. Direct Costs

Direct costs associated with mastitis encompass the immediate expenses incurred in the
diagnosis, treatment, and management of the disease.

The costs for veterinary consultations, diagnostic tests (such as SCC measurements and culture
tests), and therapeutic interventions (e.g., antibiotics and anti-inflammatory drugs) are significant.
These costs can vary depending on the severity of the mastitis, the frequency of veterinary visits, and
the specific treatments required [63,67-69].

The use of antibiotics and other medications to treat mastitis incurs additional costs. In some
cases, prolonged or repeated treatments may be necessary, leading to higher expenses. The cost of
medication can also be influenced by factors such as drug resistance and the need for more expensive
or specialized treatments [70-75].

Managing mastitis cases requires labor for various tasks, including monitoring cows,
administering treatments, and maintaining hygiene standards to prevent further infections. The
increased labor demands can lead to higher operational costs and may require additional staffing or
overtime for existing workers [63,73,76-78].

3.2. Indirect Costs

Indirect costs associated with mastitis are less immediate but can have significant long-term
effects on the profitability of dairy operations.

Cows with mastitis, especially subclinical mastitis (SCM), often experience reduced milk
production. The decrease in milk yield can be substantial, with affected cows producing less milk
over both short and extended periods. This reduction in yield directly impacts the revenue from milk
sales and overall farm income [50,63].

During the treatment of mastitis, milk from affected cows may need to be discarded or withheld
from the market due to the presence of antibiotics or other residues. This results in a loss of potential
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revenue and increases the cost of production per unit of milk. The financial impact of discarded milk
can be significant, particularly in large-scale operations [25,79-85].

In severe cases of mastitis or when cows do not respond to treatment, culling may be necessary.
The decision to cull can result in the loss of valuable animals and the associated costs of replacement,
including purchasing new cows and integrating them into the herd. Additionally, the culling of high-
yielding cows can further impact milk production and farm profitability [86-94].

The effects of mastitis can have long-term consequences on overall herd productivity. Chronic
mastitis cases can lead to prolonged reductions in milk yield, persistent alterations in milk
composition, and increased vulnerability to other diseases. These long-term impacts can compound
the economic losses associated with mastitis [60,88,95-99].

Mastitis can affect the quality of milk, leading to potential penalties from dairy processors or
reduced prices for lower-quality milk. Changes in milk composition, such as elevated somatic cell
counts (SCC) and altered fat and protein levels, can impact the value of milk and dairy products. This
may result in lower revenues and increased costs related to quality control and processing [40,43,80].

4. Economic Estimates and Industry Impact

Estimates of the economic impact of mastitis suggest that it costs dairy producers billions of
dollars annually [81,100]. According to recent studies, the total costs associated with mastitis can
account for up to 10-20% of a dairy farm’s operating expenses. The high economic burden highlights
the need for effective mastitis management strategies and preventative measures to reduce the
incidence and severity of the disease [14,101].

Efforts to mitigate the economic impact of mastitis and SCM include implementing
comprehensive management practices to reduce incidences and prevalence of pathogens, improving
housing and milking procedures, and investing in early detection and treatment technologies. By
addressing these factors, dairy producers can reduce the economic burden of mastitis and enhance
the overall profitability and sustainability of their operations.

5. Welfare Considerations

Mastitis and SCM has significant welfare implications for dairy cows, impacting their physical
health, emotional well-being, and overall quality of life. Addressing udder health effectively is crucial
not only for optimizing milk production but also for ensuring humane treatment and meeting ethical
standards in dairy farming.

5.1. Physical Discomfort and Pain

Mastitis, particularly when acute or severe, can cause considerable pain and discomfort in dairy
cows. The infection leads to inflammation of the udder tissues, which can result in swelling, redness,
and tenderness. Affected cows may exhibit signs of distress, such as reluctance to be milked, altered
posture, and decreased activity levels [102,103]. Chronic mastitis can lead to persistent discomfort
and reduced quality of life for the affected animals.

Severe cases of mastitis can also impact a cow's mobility. Painful udders may make it difficult
for cows to walk or lie down comfortably, which can contribute to lameness and further exacerbate
their discomfort. Mobility issues can affect a cow’s ability to access feed, water, and shelter, thereby
influencing overall health and welfare [102,103].

Mastitis can compromise the immune system, making cows more susceptible to secondary
infections and other health issues. For example, cows with mastitis may be more prone to developing
hoof problems or respiratory infections due to weakened immune defenses and the stress associated
with the disease [102,104].

5.2. Emotional and Behavioral Changes

The pain and discomfort associated with mastitis can lead to increased stress and anxiety in
cows. Stressful conditions can be exacerbated by factors such as poor housing, inadequate milking
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practices, and high milk production demands. Chronic stress can have detrimental effects on overall
health and behavior, including reduced social interactions and abnormal behaviors [103,105,106].

Cows suffering from mastitis may display changes in behavior that indicate distress. These
changes can include reduced activity levels, altered feeding patterns, and increased aggression or
withdrawal from herd mates. Behavioral changes can reflect the cow's discomfort and the challenges
in managing mastitis effectively [103,107-109].

5.3. Quality of Life and Ethical Considerations

Chronic or severe mastitis can significantly diminish a cow's quality of life. Prolonged pain,
discomfort, and decreased ability to perform natural behaviors can lead to a poor overall welfare
state. Ensuring that cows receive prompt and effective treatment is essential for improving their
quality of life and maintaining ethical standards in dairy farming [2,102,110].

Meeting ethical standards in dairy farming involves not only managing production efficiently but
also providing humane care for animals. This includes implementing practices that prevent mastitis,
promptly addressing any cases that arise, and ensuring that animals are not subjected to unnecessary
suffering. Ethical considerations also extend to the use of antibiotics and other treatments, ensuring that
they are used judiciously and in accordance with welfare standards [3,111-113].

Effective mastitis management includes preventive measures that aim to reduce the incidence
and severity of the disease. This involves maintaining high standards of udder hygiene, optimizing
milking practices, and ensuring that cows have access to comfortable and clean housing. Regular
monitoring and early detection of mastitis can also help mitigate welfare concerns and enhance the
overall well-being of dairy cows [96,102,114].

6. Prevalence of Mastitis
6.1. Global and Regional Prevalence

Mastitis is a pervasive and significant issue in dairy farming, impacting dairy herds worldwide.
The prevalence of mastitis varies considerably across different regions and farming systems due to a
range of factors including climate, housing systems, and management practices.

6.2. Global Prevalence

Mastitis is a prevalent disease among dairy cattle worldwide. Research indicates a wide
variation in its occurrence (Figures 4-8), with estimates suggesting that the global prevalence of
subclinical mastitis (SCM) is around 42%, while clinical mastitis (CM) affects about 15% of dairy cows
[115,116]. These high rates highlight the ongoing difficulties dairy farmers encounter in controlling
and preventing the disease.

Antarctica

Figure 4. World map showing prevalence estimates for Subclinical (S) and Clinical (C) mastitis in
dairy cattle and buffaloes [115].
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6.3. Regional Variations

In many Western countries, mastitis control programs have been implemented for decades,
leading to a decline in cases of Streptococcus agalactine and Staphylococcus aureus mastitis, while
Streptococcus uberis and Escherichia coli have become more prominent. In some regions, Klebsiella spp.
and Streptococcus dysgalactiae are emerging as significant mastitis pathogens. Variations in national
legislation, veterinary services, laboratory facilities, and farmers' management practices influence the
distribution and impact of these pathogens [117].

*

@ Africa

R A

@ Europe

B Latin America
I North America
3 Oceania
I [ndia

0 000 10000 wn

Figure 5. World map showing the continent-wise prevalence of Staphylococcus species (S),
Streptococcus species (St), and Escherichia coli (Ec) [118].

In Europe, the prevalence of mastitis varies by country and region. For instance, studies from
the Netherlands and Denmark report lower mastitis prevalence due to stringent animal welfare
regulations and advanced management practices [119-122]. In contrast, regions with less stringent
regulations or more intensive production systems may experience higher rates of mastitis
[115,118,123,124]. The variation in prevalence can be attributed to differences in housing conditions,
milking practices, and climate.

In North America, mastitis prevalence is influenced by factors such as large-scale dairy
operations and the use of automated milking systems. Studies in the United States and Canada
indicate that while prevalence rates can be high, advancements in milking technology and
management practices have helped to mitigate some of the impacts of mastitis [12,125]. However,
variations in prevalence exist between different states and provinces, often reflecting differences in
climate, farm size, and management practices [126].
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Figure 6. World map showing the prevalence estimates of Staphylococcus species in different countries
[118].

In developing countries, the prevalence of mastitis can be significantly higher due to resource
limitations and less advanced management practices (Figures 6-11). For example, in regions like sub-
Saharan Africa and parts of Asia, mastitis is prevalent due to factors such as inadequate housing,
poor nutrition, and limited access to veterinary care [60,127-129]. Studies indicate that mastitis
prevalence in these regions can exceed 50%, reflecting the challenges faced by smallholder farmers
and the need for targeted interventions [130,131].

Figure 7. World map showing the prevalence estimates of Streptococcus species in different countries
[118].

In Australia and New Zealand, mastitis prevalence is influenced by pasture-based systems and
climatic conditions. Research indicates that while pasture-based systems can offer benefits such as
improved cow comfort, they can also present challenges such as increased exposure to environmental
pathogens. As a result, mastitis prevalence can vary depending on local conditions and management
practices [132-135].
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Figure 8. World map showing the prevalence estimates of Escherichia coli in different countries [118].

Figure 9. A map showing prevalence estimates for subclinical mastitis among dairy cattle in Africa
[128].
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Figure 10. Factors influencing the development of mastitis in dairy cows [114].
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Figure 11. Relationship between some major determinants of the mammary gland health status [33].

7. Influencing Factors

Climate plays a crucial role in the prevalence of mastitis. Warm and humid conditions can
promote the growth of pathogens, increasing the risk of mastitis. Conversely, cold and dry climates
may reduce the prevalence of certain pathogens but can introduce other challenges such as frostbite
or winter-related injuries [136-138].

Housing systems significantly impact mastitis prevalence. Systems with inadequate ventilation,
poor bedding, or overcrowding can increase the risk of mastitis. Conversely, well-maintained
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housing with proper ventilation and hygiene practices can help reduce mastitis incidence [60,139-
142].

Effective management practices, including regular milking equipment maintenance, proper
udder hygiene, and timely veterinary interventions, are critical in controlling mastitis. Variations in
management practices can lead to significant differences in mastitis prevalence across regions and
farms [130,143,144].

Genetic factors also influence mastitis susceptibility. Certain breeds or genetic lines may be more
resistant or susceptible to mastitis, and selective breeding programs can help manage this aspect of
mastitis control [130,145-150].

8. Factors Influencing Prevalence

The prevalence of mastitis is influenced by a range of factors, each contributing to the likelihood
of infection in dairy cattle (Figure 10). Understanding these factors is crucial for developing effective
management strategies to control and prevent mastitis. The main factors influencing mastitis
prevalence include management practices, environmental conditions, and genetics.

8.1. Management Practices

Poor hygiene is a significant risk factor for mastitis. Dirty environments, including contaminated
bedding and milking equipment, can harbor pathogens that cause mastitis. Inadequate cleaning
protocols for milking equipment and udder hygiene can increase the incidence of both clinical and
subclinical mastitis [127,130]. Ensuring that milking equipment is properly sanitized and that cows'
udders are clean before milking are essential practices to reduce mastitis risk.

Incorrect milking procedures, such as improper milking machine settings or failure to detect
early signs of mastitis, can contribute to increased mastitis prevalence. Over milking or under-
milking can also damage teat tissues and create an environment conducive to infection [114,127].
Regular maintenance and calibration of milking machines, along with training personnel in proper
milking techniques, are critical for minimizing mastitis risk.

Overcrowding in housing systems can lead to increased transmission of mastitis-causing
pathogens. High stocking densities can result in higher rates of udder contact and increased stress on
animals, which may compromise their immune response and make them more susceptible to
infection [1,5]. Proper housing design that allows for adequate space per cow and facilitates good
ventilation can help reduce mastitis risk.

8.2. Environmental Conditions

Environmental conditions, particularly the quality of bedding, play a crucial role in mastitis
prevalence. Damp, soiled, or inadequately managed bedding can create a favorable environment for
pathogens such as Streptococcus and Staphylococcus species to thrive. Studies have shown that bedding
material that remains wet or soiled can lead to higher rates of mastitis [141,151-154]. Regular
replacement and proper management of bedding materials are essential to maintaining a dry and
clean environment.

Climatic conditions also impact mastitis prevalence. In regions with high humidity or frequent
rainfall, the risk of mastitis can increase due to the higher likelihood of wet and dirty bedding.
Conversely, extreme cold can lead to issues such as frostbite or teat injuries, which can predispose
cows to mastitis [136,155-157]. Effective climate control and environmental management practices
are necessary to mitigate these risks.

The design and maintenance of housing facilities can influence mastitis risk. Poorly designed
facilities that do not allow for proper drainage, ventilation, or hygiene can exacerbate mastitis
problems. Adequate drainage systems to remove waste and prevent the accumulation of moisture
are important for reducing mastitis risk [114,127,158].
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8.3. Genetics

Genetic factors play a role in mastitis susceptibility. Certain breeds or genetic lines of dairy cattle
may be more predisposed to mastitis than others. For example, studies have shown that some dairy
breeds, such as Holsteins, may have a higher prevalence of mastitis compared to others due to
differences in udder anatomy or immune response [33,127,146,147,149,159-161]. Selective breeding
programs can help identify and promote traits that are associated with increased resistance to
mastitis.

Genetic selection for traits associated with mastitis resistance can be an effective strategy for
reducing prevalence in dairy herds (Figure 11). This includes selecting animals with lower
susceptibility to infection and better udder health characteristics. Research has shown that breeding
for improved udder conformation and immune response can lead to reduced mastitis incidence
[33,149,150,162]. Implementing genetic selection programs requires careful consideration of breeding
objectives and monitoring of mastitis incidence over time.

9. Subclinical Mastitis

Subclinical mastitis (SCM) is a prevalent form of mastitis that poses a significant challenge to
dairy farming due to its often-inconspicuous nature. Unlike clinical mastitis (CM), which presents
with obvious symptoms such as swelling, redness, and changes in milk appearance (e.g., clots or a
decrease in milk yield), SCM does not exhibit visible signs. This section elaborates on the
characteristics, impact, and detection of SCM, emphasizing its importance in maintaining udder
health and optimizing dairy production.

9.1. Characteristics of Subclinical Mastitis

Subclinical mastitis (SCM) is defined by an increase in somatic cell count (SCC) in the milk
without any visible clinical signs of infection. The SCC is a measure of the number of white blood
cells present in milk, which typically increase in response to an infection or inflammation within the
mammary gland. In SCM, the SCC can be elevated to levels that indicate an underlying infection,
even though the udder and milk may appear normal [41,163,164].

Research indicates that SCM is responsible for a significant proportion of mastitis cases in dairy
herds. Studies have shown that up to 70% of mastitis cases can be classified as subclinical [19,128,165].
Despite the lack of visible symptoms, SCM can have considerable effects on milk production and
quality. Elevated SCC associated with subclinical mastitis can lead to reduced milk yield and altered
milk composition, which may negatively impact dairy product quality and farm profitability
[43,60,166].

The economic impact of subclinical mastitis is substantial. The increased SCC resulting from
subclinical infections can lead to milk that is less suitable for processing and sale, affecting both the
quality and quantity of milk produced. Additionally, the cost of managing subclinical mastitis
includes not only the potential loss in milk production but also the costs associated with testing and
monitoring SCC levels, as well as any necessary treatments [41,60,80].

10. Detection and Diagnosis

The detection of subclinical mastitis (SCM) requires specific testing methods, as the condition is
not visible through standard visual inspection. Several tests are commonly used to identify elevated
SCC and diagnose SCM.
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Figure 12. Somatic cell composition in healthy versus infected cow udder quarters. In milk from a
healthy udder quarter, macrophages are most prevalent, with smaller proportions of lymphocytes,
neutrophils, and epithelial cells. In contrast, milk from an infected quarter, whether with clinical or
subclinical mastitis, shows a high concentration of neutrophils along with fewer macrophages,
lymphocytes, and epithelial cells [98].

The California Mastitis Test (CMT) is a widely used, rapid, and cost-effective test that measures
the SCC in milk. The test principle involves mixing equal volume of CMT reagent (alkyl aryl
sulphonate) with milk samples and observing the reaction, which forms a gel-like substance if the
SCC is elevated. The CMT reagent interacts with the DNA of the somatic cells in mastitis udder to
form gel. The CMT provides a qualitative measure of SCC and helps in identifying cows with
subclinical mastitis [167-171].

Similar to the CMT, the White Side Test (WST) is used to assess SCC by mixing milk with a
reagent on a white surface. The resulting reaction indicates the level of SCC, with higher levels
suggesting the presence of subclinical mastitis. This test is also useful for initial screening of udder
health [129,170,172,173].

The Draminski Mastitis Detector (DMD) is an electronic device used for detecting mastitis. It
measures electrical conductivity in milk, which increases with elevated SCC. The device provides a
quantitative measure of mastitis and is useful for monitoring udder health on a larger scale
[129,170,174,175].

One of the main challenges with SCM is its asymptomatic nature, which can lead to delayed
detection and treatment. Regular testing is essential for early identification and management of SCM
to prevent progression to CM and to maintain udder health and milk quality [5,26,165].

11. Conclusions

This review highlights the critical importance of cow welfare and udder health as fundamental
components of sustainable dairy farming in Nigeria. The prevalence of subclinical mastitis (SCM)
and its detrimental effects on milk quality and production efficiency underscore the need for
comprehensive management strategies. The application of diagnostic techniques such as the
California Mastitis Test (CMT), White Side Test (WST), and Draminski Mastitis Detector (DMD) is
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essential for early detection and intervention, which can significantly mitigate the economic losses
associated with mastitis.

To enhance cow welfare and udder health, future research should focus on several key areas.
Firstly, there is a pressing need for extensive epidemiological studies to assess the prevalence and
risk factors associated with mastitis across different dairy farming systems in Nigeria. Such studies
would provide valuable data to inform targeted interventions and management practices tailored to
local conditions.

Secondly, research should explore the genetic factors influencing mastitis resistance in
indigenous cattle breeds. Identifying and promoting breeds with inherent resistance to mastitis could
lead to more sustainable dairy production systems. Additionally, integrating modern breeding
techniques with traditional practices may enhance the resilience of local cattle populations.

Furthermore, the development and implementation of educational programs for farmers and
veterinarians are crucial. These programs should focus on best practices in udder health
management, including milking hygiene, nutrition, and housing conditions that promote cow
welfare. Training on the use of diagnostic tools and interpretation of results will empower farmers to
make informed decisions regarding their herd management.

Lastly, interdisciplinary research that combines veterinary science, animal behavior, and
environmental management will be vital in creating holistic approaches to improving cow welfare.
Investigating the impact of housing systems, social interactions among cows, and stress reduction
techniques can lead to innovative solutions that enhance both animal welfare and productivity.

Addressing the challenges of cow welfare and udder health in Nigeria requires a multifaceted
approach that includes robust research, farmer education, and the integration of traditional and
modern practices. By prioritizing these areas, the dairy industry can improve the health and
productivity of dairy cows, ensuring a sustainable future for dairy farming in the region.
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