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Abstract

This review focuses on udder health and subclinical mastitis, which are crucial elements
impacting the productivity and sustainability of the dairy industry globally, particularly
in the low-and-middle income countries (LMICs). The dairy sector plays a vital role in
economic growth and food security. Despite this importance, data on cow welfare and
udder health remain limited in many regions of the world. This review paper aims to
address this gap through a comprehensive, multi-dimensional approach with a focus on
Nigeria, but with implications for similar geographies. We focused on the detection of
subclinical mastitis (SCM) in lactating cows through the application of three commonly
used diagnostic techniques: the California Mastitis Test (CMT), White Side Test (WST),
and Draminski Mastitis Detector (DMD). These methods facilitate the identification of
early, asymptomatic stages of mastitis — crucial for mitigating its adverse effects on
udder health, milk quality, and production efficiency. While this review outlines their
operational principles and relevance, a rigorous comparative analysis of their diagnostic
accuracy, feasibility, and cost-effectiveness in Nigerian dairy systems is beyond the
current scope. However, this aspect will be addressed in our ongoing research project
involving field-based data collection and performance evaluation of these tools across
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selected herds. The review also explored udder health from both histopathological and
microbiological perspectives. While published studies provide limited region-specific
data, the histopathological analysis in general literature focuses on identifying
microscopic lesions and tissue alterations, whereas the microbiological component
outlines methods used for detecting mastitis-causing bacterial pathogens. Notably,
there remains a gap in detailed pathogen-specific data from Nigeria. Our ongoing
research seeks to address this by characterizing the bacterial isolates from slaughtered
native breeds and correlating them with histological changes observed in corresponding
udder quarters — an approach that, if successful, may represent the first of its kind in
the region. This review should provide valuable insights into the current knowledge of
udder health in cows, primarily in Nigeria, but with implications for other territories with
similar dairy industry. It should highlight prevalent issues, identify key risk factors,
diagnostic methods, and suggests areas for improvement. By informing management
practices, this review aims to enhance cow welfare and udder health, thereby
contributing to the overall productivity and sustainability of the dairy industry. The
suggestions are expected to benefit farmers, veterinarians, policymakers, and
researchers by providing evidence-based recommendations for better management
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and preventive strategies.
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Introduction

Background

The welfare and health of cows are critical to the
productivity and sustainability of the dairy industry
(Arnott et al., 2017; EFSA, 2023). 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 (Ventura et
al., 2021). Inadequate welfare can lead to stress and
disease, ultimately affecting milk production and
quality (Abeni & Bertoni, 2009; EFSA, 2023). Udder
health, particularly the incidence of mastitis, is a
significant concern, as it directly influences the
quality and quantity of milk produced (Neculai-
Valeanu & Ariton, 2022).

Global importance of the dairy sector and knowledge
gaps

Globally, the dairy sector is an integral part of the
agricultural economy, providing essential income for
farmers and nutritious products for consumers
(Brown et al., 2022; Shamsuddoha et al., 2023). The
sector contributes significantly to food security and
rural development, with dairy products being a
crucial source of protein and other nutrients (FAO,
2013). Despite its importance, there has been limited
research on the welfare and health of dairy cows in
Nigeria. Most studies focus on production metrics
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rather than the conditions affecting cow welfare and
udder health (Gongalves et al., 2018; Zachut et al.,
2020; Themistokleous et al., 2023).

Subclinical mastitis: a hidden burden

Subclinical mastitis (SCM) — a non-symptomatic
inflammation of the mammary gland — is among the
most widespread and economically damaging
conditions affecting dairy cows globally, impacting
20-50% of cows within a given herd (Forsback et al.,
2009; Morales-Ubaldo et al, 2023). The typical
pathogens isolated from mastitis and SCM include but
are not limited to Streptococci organisms, S. aureus,
coagulase-positive Staphylococci, coagulase-negative
Staphylococci, and E. coli (Botrel et al., 2010; Hedge
et al., 2013). SCM can significantly reduce milk yield
and alter milk composition (Pakrashi et al., 2023).

Nigerian context and breeds in focus

In Nigeria, dairy cows, including the Sokoto Gudali
and White Fulani breeds (Plate I), are primarily raised
on farms and in households (Shittu et al., 2008; Shittu
et al., 2012). These settings offer varying levels of
resources and management practices, which can
impact cow welfare and udder health in different
ways.

Economically significant breeds, such as the Sokoto
Gudali and White Fulani, along with Red Bororo and
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Plate I: (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 more slender build, long curved horns, and a white or light

greyrcgat_,_gften with dark spots. Both breeds are valued for milk and meat progluo_:tion in Nigeria
by ] P R i 3

b)

Plate II: 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

a)
Plate lll: Photographs showcasing crossbreeds of Sokoto Gudali cattle: (a) Guernsey-Sokoto Gudali, a hybrid exhibiting
the Guernsey's distinctive colouring 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
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other less common breeds (Plates I, Il, and Ill), are
frequently used in dairy production. While these
breeds are well-adapted to the local climate (Rege &
Tawah, 1999; Adeyeye et al., 2020; Nosike et al.,
2020), 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.
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.

Rationale and objectives of the review

Despite its insidious nature and economic burden,
SCM remains underreported and poorly understood
in many low- and middle-income countries (LMICs),
including Nigeria. This review aims to evaluate the
impact of subclinical mastitis (SCM) on cow welfare
and milk productivity in low- and middle-income
countries (LMICs), with a particular focus on Nigeria’s
dairy industry. It seeks to synthesize existing
knowledge on diagnostic methods, risk factors, and
the interplay between animal welfare and udder
health across various management systems and
cattle breeds. By critically examining both
microbiological and histopathological aspects of
udder health, the review highlights key challenges
and opportunities for early detection and effective
control of SCM. The overarching goal is to inform
regionally relevant, evidence-based interventions
that can guide farmers, veterinarians, and
policymakers in improving animal health, milk quality,
and dairy sustainability. Addressing this knowledge
gap is especially vital in Nigeria, where rapid
urbanization and growing demand for animal-source
foods place increasing pressure on traditional and
emerging dairy systems.

Udder Health
Impact on milk production and quality
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Udder health is a pivotal factor in maintaining high
standards of milk production and quality (Neculai-
Valeanu & Ariton, 2022; Zapata-Salas et al., 2022;
Boker et al., 2023). Mastitis, particularly in its
subclinical form, poses a significant challenge to dairy
operations by negatively affecting both milk yield and
milk composition (Azooz et al., 2020; Abed et al.,
2021; Goncalves et al., 2023). Understanding these
impacts is crucial for effective management and
improvement of dairy farm profitability and product
quality.

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 (Ezzat
Alnakip et al., 2014; Blum et al., 2020). Research has
demonstrated that cows with SCM can experience up
to a 20% reduction in milk yield compared to healthy
cows (Goncalves et al., 2023). The milk losses ranged
from 0.07 to 1.4 Kg/quarter milking according to the
pathogen causing SCM (Goncalves et al., 2018). The
inflammation affects the milk-secreting cells, leading
to a lower volume of milk produced per milking (Ezzat
Alnakip et al., 2014). 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 (Plummer & Plummer,
2012).

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 (Olde Riekerink et al., 2007; Sharma
et al., 2011; Rainard et al., 2018; Sumon et al., 2020;
van den Crommenacker-Konings et al, 2021;
Taponen et al., 2022; Williamson et al., 2022; Fadillah
et al., 2023). High SCC can affect milk quality and
processing characteristics, leading to potential
rejection by dairy processors or lower prices for milk
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(Nightingale et al., 2008; Le Maréchal et al., 2011,
Dejyong et al., 2022; Carmo et al., 2024).

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 (Le
Maréchal et al., 2011; Malek dos Reis et al., 2013;
Gongalves et al., 2020; Harjanti & Sambodho, 2020;
Youssif et al., 2020; Bentayeb et al., 2023; Bochniarz
et al., 2023). 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 with
altered protein composition, affects the functional
properties of milk in dairy products (Batavani et al.,
2007; Le Maréchal et al., 2011; Martins et al., 2020;
Saleem et al., 2021; Bochniarz et al., 2023).
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
(Le Maréchal et al., 2011; Antanaitis et al, 2021;
Portnoy & Barbano, 2021; Bochniarz et al., 2023).
Altered milk composition can result in defects in
texture, flavor, and overall quality of cheese
(Maristela et al., 2015; Bobbo et al., 2017; Olives et
al., 2020; Bezerra et al., 2021; Ivanova et al., 2021;
Moradi et al., 2021). The consistency and quality of
these products are influenced by the composition of
the milk, and SCM can lead to inferior products that
may hot meet consumer or processor expectations
(Le Maréchal et al, 2011; Youssif et al., 2020;
Bentayeb et al., 2023).

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 (FAO,
2014; Silva-Villacorta et al., 2016). 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
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culling animals with persistent issues. These
additional costs further impact the economic viability
of dairy farms (Sinha et al., 2014; Aghamohammadi
et al.,, 2018; Moru et al., 2018; Azooz et al., 2020;
Richardet et al., 2023).

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 (Busanello et al., 2017,
Dejyong et al., 2022). Specifically, the costs can be
apportioned into the following:

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 (Senturk, 2014;
Aghamohammadi et al., 2018; Wilm et al., 2021; de
Jong et al., 2024).

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 (Bar et al., 2008; Rollin et al.,
2015; van Soest et al., 2016; Bonestroo et al., 2023;
de Jong et al., 2023; Leite et al., 2023).

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 (Blowey & Edmondson, 2010;
Aghamohammadi et al, 2018; Bonestroo et al,
2023).

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
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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 (Moru et al., 2018; Martins et al., 2020).
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 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
(Janzen, 1970; Geary et al., 2011; Guimardes et al.,
2017; Sachi et al., 2019; Azooz et al., 2020; He et al,,
2020; Singh et al., 2021; Kebede & Tilahun, 2023).

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 (Bascom & Young, 1998; Seegers et al.,
1998; Seegers et al., 2003; Olechnowicz & Jaskowski,
2011; Pinedo et al., 2014; Rilanto et al., 2020;
Cockram, 2021; Yanga & Jaja, 2022; Kulkarni et al.,
2023).

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 (Seegers et al., 2003;
Dubuc et al., 2011; De Vliegher et al., 2012; FAO,
2014; Carvalho et al., 2019; Haxhiaj et al., 2022;
Miyata et al., 2024).

Economic Estimates and Industry Impact

Estimates of the economic impact of mastitis suggest
that it costs dairy producers billions of dollars
annually (Guimaraes et al., 2017; Rasmussen et al.,
2024). 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 (Morales-Ubaldo et al., 2023; Nakada et al.,
2023).

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
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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.

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.

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 (Cheng & Han, 2020; Mainau
et al., 2022). 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 (Cheng & Han, 2020; Mainau et al.,
2022).

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
(Cheng & Han, 2020; Morales-Ubaldo et al., 2023).

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 practices, and high milk
production demands. Chronic stress can have
detrimental effects on overall health and behavior,
including reduced social interactions and abnormal
behaviors (Mainau et al., 2022; Ataallahi et al., 2023;
Jurkovich et al., 2024).
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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 (Siivonen et al., 2011; de Boyer
des Roches et al., 2017; Dittrich et al., 2019; Mainau
et al., 2022).

Quality of life and ethical considerations

Chronic or severe mastitis can significantly diminish a
cow's quality of life. Prolonged pain, discomfort, 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 (von Keyserlingk
& Weary, 2017; Temple & Manteca, 2020; Ventura et
al., 2021; Hernandez et al., 2022).

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 (De Vliegher et al., 2012; Cheng & Han,
2020; Zigo et al., 2021).

Prevalence of Mastitis

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.

Global prevalence

Mastitis is a prevalent disease among dairy cattle
worldwide. Research indicates a wide variation in its
occurrence (Figures 1to 5), with estimates suggesting
that the global prevalence of subclinical mastitis
(SCM) is around 42%, while clinical mastitis (CM)

181

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
(McLennan, 2018; Cheng & Han, 2020; EFSA, 2023).
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

affects about 15% of dairy cows (Krishnamoorthy et
al., 2021a; Celik Gurbulak & Akgay, 2024). These high
rates highlight the ongoing difficulties dairy farmers
encounter in controlling and preventing the disease.

Regional variations

In many Western countries, mastitis control programs
have been implemented for decades, leading to a
decline in cases of Streptococcus agalactiae and
Staphylococcus aureus mastitis, while Streptococcus
uberis and Escherichia coli have become more
prominent. In some regions, Klebsiella spp. and
Streptococcus dysgalactioe 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 (Zadoks &
Fitzpatrick, 2009).

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
(Miltenburg et al., 1996; Norberg et al., 2004;
Sampimon et al., 2009; Borne et al, 2010). In
contrast, regions with less stringent regulations or
more intensive production systems may experience
higher rates of mastitis (Valde et al., 2004; Hiitio et al.,
2017; Krishnamoorthy et al., 2021a; Krishnamoorthy
et al., 2021b). The variation in prevalence can be
attributed to differences in housing conditions,
milking practices, and climate.
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Figure 1: World map showing prevalence estimates for Subclinical (S) and Clinical (C) mastitis in dairy
cattle and buffaloes (Krishnamoorthy et al., 2021a).
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Figure 2: World map showing the continent-wise prevalence of Staphylococcus species (S),
Streptococcus species (St), and Escherichia coli (Ec) (Krishnamoorthy et al., 2021b).
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Figure 3: World map showing the prevalence estimates of Staphylococcus species in different countries

(Krishnamoorthy et al., 2021b).
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Figure 4: World map showing the prevalence estimates of Streptococcus species in different countries

(Krishnamoorthy et al., 2021b).

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
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to mitigate some of the impacts of mastitis (Jacobs &
Siegford, 2012; Barkema et al., 2015). However,
variations in prevalence exist between different
states and provinces, often reflecting differences in
climate, farm size, and management practices (Olde
Riekerink et al., 2008).
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Figure 5: World map showing the prevalence estimates of Escherichia coli in different countries (Krishnamoorthy

etal.,, 2021b)
In developing countries, the prevalence of
mastitis, particularly subclinical mastitis
(SCM), is often significantly higher than in
high-income settings due to structural and
systemic limitations (Figure 6). These
include poor access to veterinary services,
suboptimal housing, hygiene, and feeding
conditions, and a general lack of awareness
or training in early disease detection and
prevention strategies (Mungube et al,
2005; FAO, 2014; Abebe et al, 2016;
Khasapane et al., 2023; Iraguha, 2024).
For example, in sub-Saharan Africa, several
studies have reported SCM prevalence
rates ranging from 40% to over 60%,
especially among smallholder and pastoral
herds where hand-milking, poor udder
hygiene, and inadequate sanitation are
common (Karimuribo et al., 2008; Shittu et
al., 2012; Blignaut et al., 2018).
In Nigeria, mastitis prevalence mirrors
these high levels, with multiple reports
indicating SCM rates well above 50% in
smallholder dairy systems (Shittu et al.,
2012; Adamu et al.,, 2020; Yunusa et al.,
2025).
Comparatively, countries like Ethiopia and Kenya also
face similar challenges, but targeted interventions
such as farmer training on clean milking practices and
use of CMT for routine screening have demonstrated

Roghens Prevalonce of
Buschnios Massts %)
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Figure 6: A map showing prevalence estimates for subclinical mastitis
among dairy cattle in Africa (Khasapane et al., 2023).

measurable reductions in mastitis burden (Birhanu et
al., 2017; Zeryehun & Abera, 2017; Mbindyo et al.,
2020). In South Asia, particularly India and Pakistan,
dairy production is likewise dominated by
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smallholder systems. However, more structured
extension services, national disease control
programs, and widespread adoption of low-cost
diagnostics have contributed to better management
of udder health (Ghafar et al., 2020; Bari et al., 2022).
Additionally, genetic differences in dairy breeds,
coupled with region-specific environmental stressors
(e.g., heat, drought, and parasite burden), also
influence susceptibility to mastitis across LMICs
(Detilleux, 2009; Das et al., 2016; Cheng & Han, 2020).
In most cases, local breeds such as Nigeria’s Sokoto
Gudali and White Fulani, or Ethiopia’s Boran cattle,
may exhibit greater disease resilience but lower
productivity compared to high-yielding exotic breeds
that are more mastitis-prone under local
management conditions.

By contextualizing Nigeria’s situation within this
broader LMIC framework, it becomes evident that
while the challenges are shared, solutions must be
tailored. Lessons from successful regional strategies —
such as mobile veterinary outreach in Uganda or
community-level milk quality control in Bangladesh —
can be adapted to Nigeria’s dairy landscape. Hence,
this review emphasizes the necessity for regionally
informed and socioeconomically appropriate
approaches to mastitis control and cow welfare
improvement across LMICs. 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
pose challenges, including increased exposure to
environmental pathogens. As a result, mastitis
prevalence can vary depending on local conditions
and management practices (McDougall, 1999; Plozza
et al., 2011; Chung et al., 2021; Moscovici Joubran et
al., 2021).

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 (Morse et al., 1988; Vitali et
al., 2016; Jamali et al., 2018).

Housing systems significantly impact mastitis
prevalence. Systems with inadequate ventilation,
poor bedding, or overcrowding can increase the risk
of mastitis. Conversely, well-maintained housing with
proper ventilation and hygiene practices can help
reduce mastitis incidence (Hogan & Smith, 2012; FAO,
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2014; Witkowska & Poniewaz, 2022; Freu et al., 2023;
Megaj et al., 2023).

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 (LeBlanc et al., 2006; Shittu et al., 2012; Farag
et al., 2023).

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 (Shook & Schutz, 1994; Rupp & Boichard,
2003; Berry et al., 2011; Shittu et al., 2012; Weigel &
Shook, 2018; Brajnik & Ogorevc, 2023; Narayana et
al., 2023).

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 7). 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.

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
(Shittu et al., 2012; Abebe et al., 2016). 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. Overmilking or under-milking can also
damage teat tissues and create an environment
conducive to infection (Abebe et al., 2016; Zigo et al.,
2021). 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
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higher rates of udder contact and increased stress on
animals, which may compromise their immune
response and make them more susceptible to
infection (Arnott et al., 2017; Neculai-Valeanu &
Ariton, 2022). Proper housing design that allows for
adequate space per cow and facilitates good
ventilation can help reduce mastitis risk.

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 (Favero et al., 2015; Patel et al., 2019; Alanis
et al., 2021; Freu et al., 2023; Nogara et al., 2023).

Regular replacement and proper management of
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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
(Morse et al., 1988; Biffa et al., 2005; Jingar et al.,
2014; Assatbayeva et al., 2022). 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 (Abebe et al., 2016; Leso et
al., 2020; Zigo et al., 2021).

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 (Harmon, 1994; Rupp &
Boichard, 2003; Berry et al., 2011; Sender et al.,
2013; Abebe et al., 2016; Rainard et al., 2018;
Zemanova et al., 2022; Brajnik & Ogorevc, 2023).
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 8).
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 (Rainard et al, 2018; Brajnik &
Ogorevc, 2023; Gutiérrez-Reinoso et al., 2023;
Narayana et al., 2023). Implementing genetic
selection programs requires careful
consideration of breeding objectives and
monitoring of mastitis incidence over time.
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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.

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

Healthy quarter
« 200,000 SCC/mL

Subciinical Mastitis
> 200,000 SCC/mL

. Macrcphages

may appear normal (Sumon et al., 2020; Dejyong et
al., 2022; Williamson et al., 2022).

Research indicates that SCM is responsible for a
significant proportion of mastitis cases in dairy herds
(Figure 9). Studies have shown that up to 70% of
mastitis cases can be classified as subclinical (Shittu et
al., 2012; Khasapane et al., 2023; Tommasoni et al.,
2023). 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 (Malek dos Reis
et al.,, 2013; FAO, 2014, Fernandes et al., 2021).

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 (Geary et al.,
2011; FAO, 2014; Dejyong et al.,
2022).

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.

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

. Newsropivis

. Lymphoc)tes ) ;
aryl sulphonate) with milk samples
'gl,:d'j" and observing the reaction, which
Cols forms a gel-like substance if the SCC is

Figure 9: Somatic cell composition in healthy versus infected cow udder elevated. The CMT reagent interacts
quarters. In milk from a healthy udder quarter, macrophages are most with the DNA of the somatic cells in
prevalent, with smaller proportions of lymphocytes, neutrophils, and mastitis udder to form gel. The CMT
epithelial cells. In contrast, milk from an infected quarter, whether with  provides a qualitative measure of SCC
clinical or subclinical mastitis, shows a high concentration of neutrophils and helps in identifying cows with
along with fewer macrophages, lymphocytes, and epithelial cells (Haxhiaj subclinical mastitis (Rice, 1981;

etal., 2022).

Chakraborty et al., 2019; Menzies,
2021; Huang & Kusaba, 2022; Rust et
al., 2023).
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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 (Badiuzzaman et al., 2015;
Iraguha et al., 2017; Chakraborty et al., 2019; Tanni et
al., 2021).

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 (Sheldrake & Hoare, 1981;
Iraguha et al, 2017, Chakraborty et al, 2019;
Draminski, 2024).

One of the main challenges with subclinical mastitis
(SCM) is its asymptomatic nature, which often delays
detection and intervention. Timely and regular testing
is therefore essential to identify SCM early, manage it
effectively, and prevent its progression to clinical
mastitis (CM), thereby preserving udder health and
ensuring milk quality (Abed et al, 2021; Neculai-
Valeanu & Ariton, 2022; Tommasoni et al., 2023). While
numerous global studies have documented SCM
prevalence and risk factors, region-specific data,
particularly from Nigeria, remain limited. To address
this gap, we have included Table 1 from Adamu et al.
(2020), which synthesizes existing findings from within
the country. This inclusion provides valuable local
context to complement the global prevalence data
previously referenced (Krishnamoorthy et al., 20213;
Krishnamoorthy et al., 2021b), thereby enriching the
comparative framework of this review.

Conclusion
This review underscores the pivotal role of cow welfare
and udder health — especially the control of subclinical
mastitis (SCM) — in ensuring the sustainability and
productivity of Nigeria’s dairy industry. The
asymptomatic nature of SCM and its negative effects on
milk quality and yield necessitate early detection and
continuous monitoring using affordable and cow-side
diagnostic tools such as the California Mastitis Test
(CMT), White Side Test (WST), and Draminski Mastitis
Detector (DMD).

Future research
epidemiological

large-scale
regional

should prioritize
investigations that map
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variations in SCM prevalence, assess risk factors across
diverse production systems, and identify herd-level
management challenges. In addition, exploring the
genetic resistance of indigenous breeds to mastitis can
contribute to more resilient, locally adapted dairy
systems.

To translate evidence into practice, the following policy
recommendations are proposed:

National mastitis control programs should be
developed and integrated into broader animal
health initiatives under the Federal Ministry of
Livestock Development, focusing on training,
surveillance, and control.

Incentivized farmer education programs, delivered
through state  Agricultural Development
Programmes (ADPs) or veterinary extension
services, should promote best practices in hygiene,
milking protocols, housing, and nutrition.
Subsidies for affordable diagnostic kits like CMT
and DMD should be implemented to encourage
widespread SCM screening at the farm and
household levels.

Promotion of welfare-friendly housing systems,
especially for peri-urban and semi-intensive
systems, should be supported through extension
messaging and pilot demonstration farms.
Strengthening veterinary-livestock market-
slaughterhouse linkages to integrate welfare
assessment, antimicrobial stewardship, and early
detection of mastitis at critical points along the
value chain.

Furthermore, interdisciplinary collaborations that
incorporate veterinary medicine, animal behavior,
environmental science, and socioeconomics are
needed to develop holistic, evidence-based strategies
that enhance cow welfare and udder health. A national
policy framework that embeds animal welfare and
udder health as strategic pillars of dairy development
will not only improve productivity but also safeguard
public health and rural livelihoods.
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Table 1: Prevalence of mastitis in livestock across the states and zones in Nigeria (adopted from Adamu et al., 2020)

Zone Location Number Prevalence Method Livestock Reference
examined (%) type
North-West Kaduna 147 19.7 PEM, CMT  Cattle (Makolo et al., 2019)
Kaduna 360 26.9 CMT Cattle (Umaru et al., 2017)
Kaduna 386 60.1 CMT Goat (Udoh et al., 2019)
Kaduna 147 8.1 CM/PCR Cattle (Makolo et al., 2020)
Kaduna 300 29.7 CMT Cattle (Mbuk et al., 2016)
Kaduna 42 31 CMT Cattle Umoh et al., 1990)
Kaduna 390 7.17 LAT Cattle Akange et al., 2013)
Kaduna, Kano, 900 10.2 PEM Goat (Ameh et al., 1993)
Kastina
Sokoto 88 10.23 PEM Cattle, Sheep, (Umaru et al., 2009)
Goat
Sokoto 300 85.33 CMT Cattle (Shittu et al., 2012)
Sokoto 100 52 CcM Cattle (Junaidu et al., 2011)
Zamfara 263 21.6 RFCT Goat (Tanimomo et al.,
2012)
North-East Bauchi 122 47.5 PEM, CMT  Goat (Danmallam &
Pimenov, 2019)
Bauchi 348 28.1 PEM, CMT Sheep, Goat (Danmallam et al.,
2018)
Borno 300 17 PEM Goat (Ameh & Tari, 2000)
Borno 81 70.3 PEM Goat (Egwu et al., 1999)
Borno 5000 2.1 PEM Cattle (Ameh et al., 1999)
Borno 206 50 PEM Goat (Egwu et al., 1994)
North-Central Plateau 51 63.7 PEM Cattle (Ebojei et al., 2010)
Plateau 85 30.5 CMT Cattle (Suleiman et al.,
2012)
Plateau 16 43.7 PEM, CM Cattle (Anueyiagu & Isiyaku,
2015)
Plateau 65 36.9 PEM, CMT Goat (Danmallam et al.,
2018)
South-East Enugu 58 67.24 CMT Goat (Ugochukwu et al.,
2017)
Imo 8615 9.7 PEM Cattle, Sheep, (Okoli et al., 2006a)
Goat
Imo 327000 3.3 PEM Cattle, Sheep, (Okoli et al., 2006b)
Goat
South-South Edo 63 30.2 PEM, CMT Goat (Danmallam et al.,
2018)
South-West Oyo 411 26 CMT Cattle (Olufemi et al., 2018)
Ogun, Lagos 641224 0.22 CCF Cattle (Cadmus &

Adesokan, 2009)

PEM = Physical Examination Method; CMT = California Mastitis Test; PCR = Polymerase Chain Reaction; LAT = Latex
Agglutination Test; RFCT = Rapid Field Catalase Test.
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