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ABSTRACT

Subclinical mastitis (SCM) is a common disease in dairy buffaloes worldwide, resulting in
economic losses due to reduced milk production and quality. There is a dearth of information on the
susceptibility to bubaline mastitis and the associated factors at farm and animal levels. This study
determines bubaline mastitis's prevalence and risk factors in buffalo farms in Malaysia. A cross-
sectional study was conducted at 12 buffalo farms across selected states in Peninsular Malaysia,
including Selangor, Kedah and Penang. California Mastitis Test (CMT) was used to identify
infected and non-infected buffaloes, whereas on-farm assessment and cross-sectional survey were
conducted to collect farm and animal-based data. Data analysis was conducted using descriptive
statistics, Chi-square test, and binary logistic
regression. Overall, the prevalences of SCM
at the quarter and animal levels were 29.7%
(95% CI: 6.3%-49.0%) and 40.1% (95% CI:
0.0%—-66.7%), respectively. While the animal-
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level prevalence of SCM was not significantly
different across states, a significant difference
was observed in the quarter-level prevalence
(Selangor; 28.2% [95% CI 9.9-40.1], Kedah;
22.1% [95% CI: 6.3-33.3], Penang; 46.3%
[95% CI: 43.2-49.0]). The prevalence of SCM
bubaline was significantly associated with
mastitis history (p < 0.001) at the animal level,
pre- and post-teat dipping (p =0.041) and the
absence of other dairy animals (p = 0.048) at the
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farm level. The findings reflect a high prevalence of SCM in buffaloes and the factors that can be
considered in developing effective SCM prevention and control measures.

Keywords: Bubaline mastitis, Malaysia, prevalence, risk factors

INTRODUCTION

Buffalo is the second most important dairy animal after cows. Asia has the largest population
of buffaloes and is the leading producer of raw buffalo milk, accounting for 98.8% of
the total production (Food and Agriculture Organization of the United Nations, 2022).
According to the official data from the Department of Veterinary Services (DVS), Malaysia
has 67,959 buffaloes. In Peninsular Malaysia, the buffalo population is estimated at around
50,221, comprising both swamp and Murrah buffaloes (Department of Veterinary Services
Malaysia, 2022). Notably, the population of Murrah buffaloes in Peninsular Malaysia has
consistently shown growth from 2013 to 2022. However, the specific population of Murrah
buffaloes in the western region of Peninsular Malaysia, including Penang and Kedah, are
among the lowest, while the population in Selangor is currently unknown. In Malaysia,
the buffalo industry primarily focuses on meat rather than milk production. This industry
predominantly consists of smallholder operations (Nor & Rosli, 2015). Unfortunately,
smallholder farmers often confront various challenges, including limited herd sizes and
inadequate husbandry practices. These challenges ultimately hinder productivity and market
competitiveness, as Ariff et al. (2015) emphasised.

Mastitis, a condition characterised by mammary gland inflammation, is one of the most
prevalent diseases affecting dairy animals worldwide. It causes severe economic losses due
to reduced milk yield and quality (Costa et al., 2020). The disease is generally categorised
into clinical (CM) and subclinical mastitis (SCM) (Singha et al., 2023). Subclinical
mastitis is a disease that is concerning in dairy animals, especially buffaloes. It leads to
significant economic losses because it is difficult to detect, with no visible changes in the
milk or teat udders (Krishnamoorthy et al., 2021). Managing mastitis and reduced milk
yield accounted for 55% and 16% of the loss, respectively (Malik & Verma, 2017). Ali
et al. (2021) showed that the prevalence of SCM in buffaloes (66%) is higher compared
to cows (53%). It is linked to the high nutrient content in buffalo milk, which promotes
bacterial growth post-infection.

Somatic cell counts (SCC), California mastitis test (CMT) and bulk milk somatic
cell count (BMSCC) are presently the common methods used in screening for SCM and
udder health status at animal and farm levels (Costa et al., 2020; Hussain et al., 2018).
Several studies have used CMT to investigate the prevalence of SCM, with the quarter-
level prevalence ranging from 10% to 46% and widely variable between countries
and regions (Islam et al., 2019; Preethirani et al., 2015; Singha et al., 2023). Given the
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increasing consumption of buffalo milk and its substantial contribution to milk production
in South Asian countries (Ali et al., 2021), it is crucial to understand the prevalence of
SCM and associated risk factors to develop effective prevention and control strategies and
adopt appropriate therapeutic approaches. Studies conducted in other countries such as
Bangladesh, Pakistan, and India have shown that high-yield buffalo, intensively managed,
limited availability of pasture, milking practices, farm management, age, parity number,
lactation stage, quarters position, and morphology of the teat end increases the risk of SCM
in buffalo population (Islam et al., 2019; Salvador et al., 2012; Singha et al., 2023). This
information is crucial in developing effective control and prevention measures against
mastitis at regional and national levels (Ali et al., 2021; Islam et al., 2019).

In Malaysia, the most common breed of buffalo is the Murrah buffalo, with the capacity
to produce an average milk yield of 4.7-5.0 litres per day. This production level remains
significantly below the potential of superior buffaloes at an average of 15-20 litres per day
(Wahid & Rosnina 2016). Consequently, available data suggests that milk production from
buffaloes is yet to meet the demand for milk and dairy products in Malaysia (Mohd Azmi
et al., 2021). While diverse factors ranging from genetics to management practices may
contribute to the low production level among buffaloes in Malaysia, there is data paucity
on the prevalence of SCM and associated factors. Given the evident knowledge gap, it is
vital to identify the farm, animal and quarter-related factors that further heighten the risk
of SCM in water buffalo in Malaysia. In addition, knowledge of the causative agents and
their antimicrobial susceptibility is essential for effective treatment protocols. Therefore,
a cross-sectional study was conducted on water buffalo in west Peninsular Malaysia to
determine both animal and quarter-level prevalence of SCM bubaline and their associated
risk factors.

MATERIALS AND METHODS
Ethics Approval and Consent to Participate

The study was carried out with the approval of the Institutional Animal Care and Use
Committee (IACUC) Universiti Putra Malaysia under the animal utilisation protocol (AUP)
number UPM/IACUC/AUP-R009/2022. Meanwhile, the survey for collecting farm and
animal-based data was approved by the Ethics Committee for Research involving Human
Subjects (JKE) Universiti Putra Malaysia with the reference number JKEUPM-2022-054.

Study Design and Study Area

A total of 12 available dairy buffalo farms from the 56 buffalo farms registered and listed
by the Department of Veterinary Services (DVS), Malaysia (Figure 1) across three selected
states (Selangor, Kedah, and Penang) were recruited for the cross-sectional study from
February 2022 to February 2023. These states were selected because they have buffalo
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farms that are actively producing buffalo milk and are listed under the registered farms in
Malaysia. Additional information on the studied farms is presented in Table 1.

aq
xaKED1
11ENA
of 3
KED4 , = SREh2 Kota Bharu
KER3 ovin
PEN1 Kuala Terengganu
PEN2 <
3 Dingun
Ipoh
Chukal
Sitiawan
Teluk Intan
Kuala Kubu KUantan
. U
SELS Bharu Pahang
Kuala & " T
O emerioh
bing 35 U
g Tanjung ) SEL3
nagi Balai Kual, r
o SEL4
tar S09° WIS Eqmbilan
EL6
i (N Y
Melaka
R
P?:::: Batu Pahat
Dumai
Johor Bahru
o Singapore_=

Figure 1. Map showing the distribution of selected farms in Peninsular Malaysia

Table 1
The information on 12 available dairy buffalo farms in Selangor, Kedah and Penang

Farm District Rainfall Temperature Animal Number of Breeding
(%, mm) (°C) population  workers on system
the farm
SEL1  Hulu Langat 60.7, 27.7 124 5 Semi-intensive
7.2

SEL2  Hulu Langat 60.7, 1.5 28.7 5 1 Semi-intensive
SEL3  Hulu Langat 60.7, 1.5 28.9 40 4 Semi-intensive
SEL4  Sepang 60.7, 1.5 29.0 68 2 Semi-intensive
SELS  Kuala Selangor 75.0,4.2 29.2 63 5 Semi-intensive
SEL6  Hulu Langat 60.7, 1.5 27.7 650 15 Semi-intensive
KEDI Jitra 429,72 28.1 18 2 Semi-intensive
KED2 Jitra 429,72 28.2 9 1 Intensive
KED3 Bandar Baharu 42.9,8.2 26.4 80 3 Semi-intensive
KED4 Langkawi 46.5, 0.0 27.5 49 4 Semi-intensive
PEN1  Seberang Perai 42.9,0.0 26.6 31 2 Semi-intensive
PEN2  Seberang Perai 42.9,0.0 26.6 20 5 Intensive

Note. The information about rainfall and temperature was collected from the official website of the Malaysian
Meteorological Department (MET) by the Ministry of Natural Resources and Environmental Sustainability
(MET, 2022), SEL = Selangor, KED = Kedah, PEN = Penang
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Selection of Animals

The sample size for this study was determined using EpiTools Epidemiological Calculators
(Ausvet). Based on a population size of 534 adult buffaloes in 12 farms across three selected
states and an expected prevalence of 24.2% (Badua et al., 2020), with a 95% confidence
interval (CI) and a precision level of 5% (Thrusfield, 2005), the minimum required sample
size was computed as 185. The sample size was determined based on the population of
534 adult female buffaloes on the farms. The total population of Murrah buffaloes in
the western region of Peninsular Malaysia, including Penang and Kedah, is among the
lowest, while the population in Selangor is currently unknown. Since there were 217 dairy
buffaloes available on the 12 farms from the three states, all of them were selected for the
study. Specifically, 172 dairy buffaloes were selected from Selangor (six farms), 21 from
Kedah (four farms), and 24 from Penang (two farms). During a single visit to each farm,
all lactating buffaloes underwent the CMT test to diagnose SCM before milk sampling.

Animal and Farm Characteristics

Data on individual animals and farm management were obtained through interviews, farm
records, on-farm assessment, and cow assessment. Based on the information gleaned from
previous studies (Costa et al., 2020; Singha et al., 2023), nine animal-based and 18 farm-
based variables were investigated as potential risk factors for SCM bubaline. As shown
in Table 2, the research variables were categorised as described by Demil et al. (2022).

Table 2
Categories of animal-based and farm-based data and assessment methods used in the studied farms

Animal-based data

No. Variables Categories Methods References
1 Udder quarters Left front, right front, left CA Kashyap et al. (2019);
position hind, right hind Singh et al. (2023)
2 Lactation stage Early lactation (<90 days), Interview, FR  Hameed et al. (2012);
mid-lactation (>90-180 days), Srinivasan et al. (2013);
late lactation (>180 days) Swami et al. (2017)
3 Age <6 years, >6-9 years, >9 years Interview, FR Hameed et al. (2012);

Salvador et al. (2012);
Swami et al. (2017)

4 Calving cycle <4 cycles, 4-7 cycles, >7 Interview, FR  Hameed et al. (2012);
cycles Vishwakarma et al.
(2010)
5 Breed Murrah, Nilli-ravi, Interview, CA  Javed et al. (2022);
Crossbreed Sawah Kashyap et al. (2019);
Tiwari et al. (2022)
6 Calving interval <1 year, >1-year Interview Chishty et al. (2007)
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Table 2 (continue)

Animal-based data

No. Variables Categories Methods References
7 History of mastitis Yes, no Interview Badua et al. (2020);
Tiwari et al. (2022)
Milk yield <8L, 8-12L,>12L Interview Jaglan et al. (2022)
9 Milk letdown practice Allowing the calf to suckle, CA Hameed et al. (2012)
oxytocin injection
Farm-based data
No. Variables Categories Methods References
1 Farm size <4 acres, 4-20 acres, >20 Interview Aliul et al. (2020)
acres
2 Paddock size <1000ft?, 1000—100001t>, Interview Badua et al. (2020)
>10000ft*
3 Breeding system Semi-intensive, intensive Interview Singh et al. (2023);

4 Milking method

5 Frequency of milking
Milking place

7 Practices of hand and
teat hygiene before
milking
Towel drying of teats
Pre- and post-teat
dipping

10 Use of antibiotics for
mastitis treatment and
dry therapy

11 Presence of other
dairy animals

12 Type of milking
utensils

13 Frequency of cleaning
milking utensils

14 Frequency of paddock
cleaning

15 Number of milkers

16  Water source on the
farm

Hand milking, machine
milking

Once daily, twice daily

Milking inside the paddock,
milking outside the paddock
or in a milking parlour

Yes, no

Yes, no
Yes, no

Yes, no

Yes, no

Mix (using plastic and
stainless steel) plastic,
stainless steel

Once daily, twice daily

Once daily, twice daily, three
times daily

<3 milkers, >3 milkers

Underground water,
wastewater

Interview, OA

Interview, OA
Interview, OA

Interview, OA

Interview, OA
Interview, OA

Interview

OA

Interview, OA

Interview

Interview

Interview

Interview, OA

Tiwari et al. (2022)

Badua et al. (2020);
Hameed et al. (2012);
Ottalwar et al. (2018)

Singha et al. (2024)

Garcia-Acevedo et al.
(2023)

Badua et al. (2020);
Garcia-Acevedo et al.
(2023);

Malik and Verma (2017)

Aliul et al. (2020)

Badua et al. (2020);
Bhandari et al. (2021)

Badua et al. (2020)

Bomfim et al. (2023)

Bhandari et al. (2021)

Singh et al. (2023)
Zaki et al. (2010)

Note. CA = Cow assessment, FR = Farm records, OA = On-farms assessment
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Detection of SCM-affected Animals

CMT was conducted to detect SCM at an early stage, following the procedures outlined by
Schalm et al., 1971. Briefly, 2 mL of milk sample from clean teats were mixed with 2 mL
of CMT reagent (Kruuse Bovivet CMT liquid, Kruuse, Denmark) on a CMT paddle. The
paddle was gently rotated for 10 seconds, and any colour changes or formation of viscous
gel were promptly observed. The visible reaction disappears after approximately 20 seconds,
particularly for the weak reaction. The CMT results were recorded as follows: negative for no
reaction (indicating uninfected or healthy), trace or 1+ score (indicating weak infection with
SCM), and 2+ and 3+ scores (indicating strong infection with SCM). Buffaloes that tested
negative and showed traces of the CMT were classified as healthy. Conversely, buffaloes that
scored +1, +2, or +3 on the CMT in at least one quarter were classified as SCM.

Statistical Data Analysis

Descriptive analysis was performed to summarise the farm characteristics, prevalence of
SCM, and farm and animal-based data. The association between the position of udder
quarters and the prevalence of SCM bubaline was analysed using the Chi-square test. Logistic
regression models were built to determine the factors associated with the prevalence of SCM
bubaline. Parameter estimates were computed at a 95% confidence interval with crude odds
ratio (COR) and adjusted odds ratio (AOR) at the univariable and multivariable levels,
respectively. Model fit was assessed using the Hosmer-Lemeshow test. All the analyses were
conducted using IBM SPSS Statistics version 27.0 (IBM Corp., USA).

RESULTS
Farm Characteristics and Screened Buffaloes

The study encompassed a range of lactating buffaloes, with a minimum of 2 animals
per farm on the SEL5 farm and a maximum of 97 animals per farm on the SEL6 farm.
The Murrah buffalo breeds constituted 83.9% of the sampled animals. Farms with a few
animals were deliberately included to augment the sample size and gain a comprehensive
understanding of the variations in animal and farm management data. The overall farm
characteristics are presented in Table 3.

Prevalence of SCM Bubaline

The overall animal-level prevalence of SCM bubaline was 40.1% (87/217, 95% Confidence
Interval (CI): 0.0%—66.7%). It included buffaloes with positive CMT results (+1, +2,
and +3) in at least one quarter (Table 4). The mean prevalence of bubaline at the animal
level on farms in Selangor, Kedah, and Penang was 41.3% (71/172, 95% CI: 0.0-53.6),
38.1% (8/21, 95% CI: 0.0-66.7), and 33.3% (8/24, 95% CI: 18.2-46.2), respectively.
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Table 3
Characteristics of the 12 buffalo farms recruited in the study from three states in Peninsular Malaysia

Categories Selangor Kedah Penang Total (%)
(n =172 buffaloes, (n =21 buffaloes,4 (n =24 buffaloes, 2
6 farms) farms) farms)

Farm size (acres)

<4 3 1 1 5(41.7)

4-20 2 1 1 4(33.3)

>20 1 2 0 3(25.0)
Paddock size (ft?)

<1,000 2 2 2 6 (50.0)

1,000-10,000 3 2 0 5(41.7)

>10,000 1 0 0 1(8.3)
Breeding systems

Semi-intensive 6 3 1 10 (83.3)

Intensive 0 1 1 2 (16.7)
Milking method

Hand 4 3 2 9 (75.0)

Machine 2 1 0 3(25.0)
Milking frequency

One time 0 2 0 2 (16.7)

Two times 6 2 2 10 (83.3)
Milking place

Milking inside the 4 3 2 9 (75.0)

paddock

Milking outside the 2 1 0 3(25.0)

paddock
Hand hygiene before milking

No 0 0 0 0(0.0)

Yes 6 4 2 12 (100.0)
Teat hygiene before milking

No 0 0 0 0(0.0)

Yes 6 4 2 12 (100.0)
Pre and post-teat dipping

No 5 3 1 9 (75.0)

Yes 1 1 1 3(25.0)
Towel drying of teats

Yes 0 0 0 0(0.0)

No 6 4 2 12 (100.0)
Type of milking utensils

Mix 6 4 2 12 (100.0)

Plastic 0 0 0 0(0.0)

Stainless steel 0 0 0 0(0.0)
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Table 3 (continue)

Categories Selangor Kedah Penang Total (%)
(n =172 buffaloes, (n =21 buffaloes, 4 (n =24 buffaloes, 2
6 farms) farms) farms)

Utensils cleaning frequency

One time 0 2 0 2 (16.7)

Two times 6 2 10 (83.3)
Antibiotics used to treat mastitis

No 3 3 8 (66.7)

Yes 3 1 0 4(33.3)
Antibiotics used for dry therapy

No 5 3 1 9 (75.0)

Yes 1 1 1 3(25.0)
Cleaning farm frequency

One time 1 3 0 4(33.3)

Two times 5 1 0 6 (50.0)

Three times 0 0 2 (16.7)
Presence of other dairy animals

No 3 3 6 (50.0)

Yes 3 1 2 6 (50.0)
Number of milkers on the farm

<3 2 4 1 7 (58.3)

>3 4 0 1 5(41.7)
Water source in the farm

Underground water 5 4 2 11 (91.7)

(pipe)

Wastewater (lake) 1 0 0 1(8.3)

Table 4

The animal-level and quarter-level prevalence of SCM bubaline in selected states in Peninsular Malaysia

Prevalence Selangor Kedah Penang Total

Animal-level Number examined 172 21 24 217
Number of 71 8 8 87
positive CMT
Prevalence (%) 41.3 38.1 333 40.1
95% confidence 0.0-53.6 0.0-66.7 18.2-46.2 0.0-66.7
interval (%)

Quarter-level Number examined 650 77 95 822
Number of 183 17 44 244
positive CMT
Prevalence (%) 28.2 22.1 46.3 29.7
95% confidence 9.9-40.1 6.3-33.3 43.2-49.0 6.3-49.0

interval (%)
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Meanwhile, the quarter-level prevalence of SCM bubaline was 29.7% (244/822, 95% CI:
6.3%—49.0%), including quarters with positive CMT results (trace, +1, +2, and +3). A
total of 46 quarters that were blind were excluded from the examined quarters. The mean
quarter-level prevalence of SCM bubaline on farms in Selangor, Kedah, and Penang was
28.2% (183/650, 95% CI: 9.9-40.1), 22.1% (17/77, 95% CI: 6.3-33.3), and 46.3% (44/95,
95% CI: 43.2-49.0), respectively. In addition, the CMT scores of SCM bubaline at the
quarter level on farms in Selangor, Kedah, and Penang were presented in Table 5.

Table 5
The CMT scores of SCM bubaline at quarter level in selected states in Peninsular Malaysia

State Number CMT score (n) (proportion positive [%])

examined Negative Trace +1 +2 +3
Selangor 650 470 (72.3) 45 (6.9) 79 (12.2) 44 (6.8) 12 (1.8)
Kedah 77 60 (77.9) 6 (7.8) 11 (14.3) 0(0) 0(0)
Penang 95 51(53.7) 27 (28.4) 10 (10.5) 3(3.2) 4(4.2)
Total 822 581 (70.7) 78 (9.5) 100 (12.2) 47 (5.7) 16 (1.9)

Risk Factors of SCM Bubaline

Udder Quarter Position Level

Table 6 shows results regarding the relationship between the investigated factors and the
quarter-level prevalence of SCM. No significant association was detected between quarter
position and the prevalence of SCM bubaline.

Table 6
Relationship analysis between the prevalence of SCM bubaline with udder quarters position

Quarters Sample (r) Positive SCM (n) (proportion positive (%) Chi-square
X2 df p-value

Quarters position

LF 206 63 (30.6)

RF 208 62 (29.8)

0.795 3 0.851

LH 210 65 (31.0)

RH 198 54 (27.3)

Note. LF= left front, RF=right front, LH= left hind, RH= right hind

Animal Level

The association between the animal-based factors and the prevalence of SCM bubaline
are presented in Table 7. In the univariable model, significant factors at the p-value of
0.10 include mastitis history (p <0.001) and the daily milk yield (p = 0.009) at the animal
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level. Buffaloes without a mastitis history were less likely (OR: 0.64, 95% CI: 0.002-
0.019) to have SCM compared to those with a mastitis history. Buffaloes that produced
more than 121 of milk were more likely (OR: 1.91, 95% CI: 1.01-3.64) relative to those
producing less than 12L. However, only mastitis history was significantly associated with
the prevalence of SCM (p <0.001) at the multivariable level. Buffaloes without a mastitis
history were less likely (OR: 0.005, 95% CI: 0.001-0.017) to have SCM than buffaloes
with a mastitis history.

Table 7
Univariable and multivariable binary logistic regression analysis between animal-level factors and
prevalence of SCM bubaline in selected states in Peninsular Malaysia

Categories Sample Positive Univariable level Multivariable level

() SCM(®™ QR  95%Cl p-value OR  95%Cl p-value
(sample (proportion

frequency  positive

(7D (7D
Lactation stage p=0.659
Early 105 (48.4) 42 (40.0) Ref
Mid 80(36.9) 30(37.5) 0.900 0.495-1.636 0.730
Late 32(14.7)  15(46.9) 1324 0.597-2.935 0.490
Age p=0.158

<6 years 103 (47.5) 36(35.0) Ref

6-9 years 95(43.8) 40(42.1) 1354 0.762-2.404 0.302

>9 years 19 (8.7) 11(57.9) 2.559 0.945-6.933 0.065
Mastitis history

No 137 (63.1) 12 (8.8) 0.006 0.002-0.019 <0.001 0.005 0.001-0.017 <0.001
Yes 80 (36.9)  75(93.8) Ref Ref
The volume of milk produced p=0.009 p=0.527
<8L 61 (28.1) 21(34.4) Ref Ref
8-12L 48 (22.1) 12 (25.0) 0.635 0.274-1.471 0.289 1.812 0.467-7.025
>12L 108 (49.8)  54(50.0) 1.905 1.011-3.645 0.052 0.889 0.250-3.162

Milk letdown practices
Allow calf 192 (88.5) 74 (38.5) Ref
to suckle

Oxytocin 25 (11.5)  13(52.0) 1.727 0.748-3.988 0.200
injection

Farm Level

Table 8 depicts the relationship between the farm-level factors and the prevalence of SCM
bubaline. At the univariable level, the prevalence of SCM was significantly associated
(p<0.1) with paddock size (p=0.001), breeding system (p=0.045), milking method

Pertanika J. Trop. Agric. Sci. 48 (4): 1071 - 1091 (2025) 1081



Nor’Amira Mohd Amin, Norhariani Mohd Nor, Md Zuki Abu Bakar, Mohammed Babatunde Sadiq, Sharina Omar and Rozaihan Mansor

Joa Joa (9°6%) LS SII SO
1+0°0 0L8°0-T100°0 £€€0°0 £00°0 YL 0—TYT 0 17440 (#'62) 0¢ 01 ON
Surddip ye93-1s0d pue aag
#00°0 699°0 (1ov) L8 L1T SOX
Joa 000 0 ON
Sunj[Iu 910§9q UI3AY eI,
#00°0 6990 (1ov) L8 L1T SOX
Jod (0°0) 0 ON
Jupn{[Iu 210J9q dUISAY pueH
yoopped
100°0> 799'%-0TS'1 799°'C (6'19) s¢ 901 oY) opISINO SUDY[TA
yoopped
Joa (8'87) t¢ I11 oy apisut SuDy[IN
dderd SunyA
6660 - 0000 100°0> 799°%-0TS'1 799°'C (6'19) s¢ 901 QuIYdeN
Jd RN (8'87) ¢ I pueH
poyjow SunfIAl
6660 - 0000 S¥0°0 £€96°0—L¥0°0 [aral] (cene Sl QAISUU
Jd RN (I'ey) s8 (414 QAISUSUI-TWIS
WIISAS SUIpIdIg
881°0 9S¥°€-200°0 8L0°0 100°0 1T6'S—8¢S°1 L10°¢ (9°¢9) T$ L6 0000°T<
6970 96ST-0€1°0 LLS O 6690 [LST-1€S0 891°1 (6'0¢) LT S 000°0T—000°T
Joa Joa (LLo 8l S9 000°T>
0Ty 0=d 100°0=d (29) az1s yoopped
anpea-d 1D %56 . (0} anfea-d 1D %S6 ki (0] ([%] 2an1sod uonaodoad)
[opou dJBLIBADNIAI [opouw d)BLIBAIU) (u) INDS 2An1S0g (u) oydweg $911039)8)
DISADID] ADINSUIUD

u1 $2]018 Pajd2]as u1 2uPgNg JWHS Jo 2ouapaa.d a1y pupv $.1010Df [2A2]-ULIDf UIIMIDq SISAIPUD UOISSDAZ4 D1]S130] AUDUIQ D]GDIIDALIJNUL PUD D]GDIIDALUY)
8 9IqBL

Pertanika J. Trop. Agric. Sci. 48 (4): 1071 - 1091 (2025)

1082



Prevalence and Risk Factors of Bubaline Mastitis in Malaysia

I€1°0 6STYI-0IL0 I181°¢ L10°0 o181l 081°C (Tsy)oL S¢Sl ST €<
BER| BER| (r'LO) L1 29 SION[IW €>
SIN[IW JO JdquInN
RER| BER| (8'50) L1 99 SO
810°0 $S8°0€—01L0 I181°¢ S00°0 CILY9I€1 16¥'C (#'9v) oL IS1 ON
s[ewrue AI1ep JI9Y30 JO DUISAIJ
BER BER (9°6v) LS SII SOA
6660 - 000°0 €000 VL 0-TYT 0 Yo (#'62) 0¢ 201 ON
Adeaayy A1p 10§ pasn sdypoiquuy
LT10 8LS1-920°0 1020 800°0 PSOv—€ET 1 9€T'C (8'9%) $9 6¢€1 SaA
BER REN| (T80 T 8L ON
SI)SEUI JBAI) 0) PISN SINOIqHUY
BER 000 0 [091s sso[urelg
B - 00)0 0 onseld
#00°0 699°0 (rov) L8 L1T XIN
3d4) sprsudyn SunyIA
BER 000 0 EE)
#00°0 - 699°0 (rov) L8 L1T ON
[9A10} & 3uIsn J€3) SUIAIp pue Furued[)
anpea-d D %S6 A0 anpea-d 1D %S6 A0 (%] aanisod uonaodoxd)

[9pouw deLIBARNIA

[opou dJBLIBATU()

(u4) INDS dA11s04

(u) dpdwreg

S3LI033)e)

(onunuod) § dqe],

1083

Pertanika J. Trop. Agric. Sci. 48 (4): 1071 - 1091 (2025)



Nor’Amira Mohd Amin, Norhariani Mohd Nor, Md Zuki Abu Bakar, Mohammed Babatunde Sadiq, Sharina Omar and Rozaihan Mansor

(p<0.001), milking place (»<0.001), pre-and post-teat dipping (p=0.003), antibiotics used
to treat mastitis (p=0.008) and for dry therapy (p=0.003), and the presence of other dairy
animals (p=0.005). The final factors associated with SCM prevalence at the multivariable
level (p<0.05) were (pre- and post-teat dipping (p=0.041) and the presence of other dairy
animals (p=0.048). Farms that kept only buffaloes were more likely to have SCM (OR:
3.18, 95%CI: 0.71-30.85) compared to farms with other dairy animals.

DISCUSSION

Mastitis in dairy animals can cause huge economic losses and pose serious public health
concerns (Chakraborty et al., 2019). This study is the first attempt to investigate SCM
bubaline's prevalence and risk factors in Peninsular Malaysia's selected states. The
prevalence of SCM at the animal level and quarter level was 40.1% and 29.7%, respectively.
No previous studies have been conducted on SCM bubaline in Peninsular Malaysia.
Therefore, the only comparable research available is a recent study on bovine mastitis
conducted in dairy farms across Selangor, Perak, Pahang, Negeri Sembilan, and Johor,
which reported a higher prevalence of SCM in bovine populations at 67.6%, which is
higher than the prevalence found in the current study on bubaline populations from various
states (Ali et al., 2020). The use of different detection methods (bacterial culture vs CMT)
and study locations might contribute to these discrepancies. Nevertheless, two previous
studies conducted in Egypt on both buffaloes and cows reported a prevalence of SCM in
buffaloes (44.3% and 44%), which was comparable to that in cows (49.9% and 52.1%)
(Ahmed et al., 2018; Algammal et al., 2020). This finding suggests that both buffaloes and
cows are equally susceptible to SCM. It is important to note that the prevalence of SCM in
buffaloes can have significant economic implications, as it can lead to increased somatic cell
counts, decreased milk production, and a significant decline in milk quality, leading to low
demand. These implications are similar to those of bovine mastitis (Pizauro et al., 2014).

Numerous reports on the prevalence of SCM in buffaloes have been conducted in
different countries. The prevalences reported in this study were higher compared to reports
in Brazil (8.35%) (Pizauro et al., 2014), the Philippines (24.22%) (Badua et al., 2020),
Bangladesh (27.9%) (Singha et al., 2023), and China (29.44%) (Zhang et al., 2023),
but comparable to reports in India (41.51%) (Ottalwar et al., 2018), and Egypt (44.3%)
(Ahmed et al., 2018). Additionally, our findings were lower compared to studies conducted
in India (68.33%) (Kashyap et al., 2019), Nepal (70%) (Tiwari et al., 2022), and Pakistan
(75.31%) (Javed et al., 2022). The variation in the prevalence of mastitis can be attributed
to geographic location, climate, animal-level risk factors such as breed, lactation stage,
age, parity, quarters, and teat shape, as well as farm-level risk factors such as breeding
system, husbandry practices, and farm hygiene (Salvador et al., 2012; Tiwari et al., 2022).
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The association between the prevalence of SCM bubaline and the position of the quarter
was not significant in the present study. Some studies found that the left quarters had a higher
prevalence of SCM than the right quarters (Hoque et al., 2022; Kaur et al., 2015; Singha
et al., 2023). On the contrary, other studies conducted in Pakistan and Nepal reported that
the left front quarter had a higher prevalence of SCM than the right hind quarter, left hind
quarter, and right front quarter. The association between quarter position and SCM depends
on the position of the farmers during milking, which may increase exposure to pathogens
and pressure on the teats (Bhandari et al., 2021; Chishty et al., 2007). The position of the
farmers during milking was related to the sequencing of teat milking. Milking the right
quarter after the left quarter leaves the teat canal open, allowing pathogens to enter the
mammary glands and lead to SCM (Singha et al., 2023). In addition, hindquarters are more
susceptible to SCM due to their increased exposure to contamination from urine, faeces, and
the tail (Kashyap et al., 2019; Kisku & Samad, 2013). As Kashyap et al. (2019) mentioned,
the hindquarters are larger and more pendulous than the front quarters, increasing the risk
of contamination from the milking area or barn floor. The lack of a significant association
in our study is not fully understood. However, the similarity in the milking practices may
annul the relative risk of greater exposure to SCM between left and right quarters and hind
and front quarters.

In this study, the prevalence of SCM bubaline was higher in buffaloes with a history
of mastitis compared to those without the history. This finding is consistent with previous
studies conducted in Nepal (Bhandari et al., 2021; Tiwari et al., 2022) and the Philippines
(Badua et al., 2020). Bhandari et al. (2021) suggested that buffaloes with a history of
mastitis linked to a high prevalence of SCM due to the overuse or misuse of antibiotics in
the treatment of previous mastitis cases, selection pressure, and poor farm hygiene (Ali
et al., 2014). Incomplete or ineffective mastitis treatment in buffaloes may also lead to
inflammation and damage to the mammary tissue, allowing residual bacteria to persist
(Cheng & Han, 2020). It indicates that previous episodes of mastitis may contribute to
persistent or recurrent infections, resulting in a higher prevalence of SCM in buffaloes
with a history of mastitis.

This study also found significant differences in the prevalence of SCM in farms that
practice teat dipping and those not practising the procedure. This finding may stem from
several factors, such as the type of disinfectant used, the technique of application, and
overall farm hygiene practices (Sharif & Ahmad, 2007; Singha et al., 2023). Improper teat
dipping practices, including the use of ineffective disinfectants or inadequate application
of the disinfectant, as well as the timing of teat dipping (preferably within 30 seconds after
milking), could be the possible causes for the high prevalence of SCM in farms that do not
practice teat dipping (Nickerson et al., 2019).
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The prevalence of SCM bubaline was significantly higher in farms that kept only
buffaloes compared to other dairy animals, such as cows and goats. This result is consistent
with the report from the Philippines (Badua et al., 2020), which focused on the association
between the presence of other animals on the farm and the prevalence of methicillin-
resistant S. aureus (MRSA) in bubaline mastitis. On the other hand, the increased risk of
SCM in farms that solely keep only one species may be due to factors like limited farm
size, poor hygiene practices, and the role of milkers interacting with animals, which
increase exposure to environmental and contagious pathogens (Abebe et al., 2023;
Gantner et al., 2023; Pletinckx et al., 2011). Diversified livestock farms tend to have more
comprehensive biosecurity measures. These measures effectively prevent the transmission
of diseases between species (Msimang et al., 2022; Pozo et al., 2024; Renault et al., 2021).
Biosecurity measures include separate fencing, control of animal movement, segregated
equipment usage, proper manure management, isolation of sick animals, regular veterinary
involvement, vaccination protocols, and rigorous testing of bulk tank milk. However,
the relationship between the presence of other dairy animals and the prevalence of SCM
bubaline requires further investigation.

Despite the strengths of this study in bridging the research gap towards identifying
control and prevention measures for SCM bubaline, the research limitations are well-
acknowledged. Samples were collected from farms located in three states in Peninsular
Malaysia. Hence, the findings may not be generalisable to all buffalo farms in the country.
Regarding the investigated factors, information on the biosecurity measures or specific
teat dipping procedures implemented by the farms was not collected, including the timing
and type of disinfection used. As a result, further investigation is required to elucidate
the relationship between teat dipping, biosecurity measures, and the prevalence of SCM
bubaline.

CONCLUSION

The current study found a high prevalence of SCM bubaline, associated with a history
of mastitis at the individual animal level, pre- and post-teat dipping, and the absence of
other dairy animals at the farm level. These findings provide valuable information for
developing effective prevention and control measures against SCM, particularly in buffaloes
in Peninsular Malaysia. Additionally, educating farmers on good farm management and
proper milking practices could assist in reducing the occurrence of SCM in the farms.

ACKNOWLEDGEMENTS

This work was supported by a Transdisciplinary Research Grant Scheme TRGS/1/2020/
UPM/01/4/2 from the Department of Higher Education, Ministry of Higher Education.

1086 Pertanika J. Trop. Agric. Sci. 48 (4): 1071 - 1091 (2025)



Prevalence and Risk Factors of Bubaline Mastitis in Malaysia

The authors also extend appreciation to the Department of Veterinary (DVS), Malaysia,
for the farm information and facilities support during the research.

REFERENCES

Abebe, R., Markos, A., Abera, M., & Mekbib, B. (2023). Incidence rate, risk factors, and bacterial causes
of clinical mastitis on dairy farms in Hawassa City, southern Ethiopia. Scientific Reports, 13(1), 10945.
https://doi.org/10.1038/s41598-023-37328-1

Ahmed, H. F., Straubinger, R. K., Hegazy, Y. M., & Ibrahim, S. (2018). Subclinical mastitis in dairy cattle
and buffaloes among smallholders in Egypt: Prevalence and evidence of virulence of Escherichia coli
causative agent. Malaysian Society of Parasitology and Tropical Biomedicine, 35(2), 321-329.

Algammal, A. M., Enany, M. E., El-Tarabili, R. M., Ghobashy, M. O., & Helmy, Y. A. (2020). Prevalence,
antimicrobial resistance profiles, virulence, and enterotoxins-determinant genes of MRSA isolated from
subclinical bovine mastitis in Egypt. Pathogens, 9(5), 362. https://doi.org/10.3390/pathogens9050362

Ali, B., Zunita, Z., Jesse, F. F., Ramanoon, S. Z., & Mohd-Azmi, M. L. (2020). Prevalence and antimicrobial
resistance profiles of bacterial isolates associated with intramammary infections in Malaysian dairy
herds. Research Square. https://doi.org/10.21203/rs.2.22292/v1

Ali, T., Kamran, R., Raziq, A., Wazir, 1., Ullah, R., Shah, P., Ali, M. 1., Han, B., & Liu, G. (2021). Prevalence
of mastitis pathogens and antimicrobial susceptibility of isolates from cattle and buffaloes in Northwest
Pakistan. Frontiers in Veterinary Science, 8, 746755. https://doi.org/10.3389/fvets.2021.746755

Ali, T., Rahman, A., Qureshi, M. S., Hussain, M. T., Khan, M. S., Uddin, S., Igbal, M., & Han, B. (2014).
Effect of management practices and animal age on incidence of mastitis in Nili Ravi buffaloes. Tropical
Animal Health and Production, 46, 1279-1285. https://doi.org/10.1007/s11250-014-0641-2

Aliul, H., Kumar, P. A., Mahmood, R. M., Mizanur, R., & Selim, A. M. (2020). Investigation of prevalence
and risk factors of subclinical mastitis of dairy buffaloes at Bhola district of Bangladesh. Asian Journal
of Medical and Biological Research, 6(4), 697-704. https://doi.org/10.3329/ajmbr.v6i4.51236

Ariff, O. M., Sharifah, N. Y., & Hafidz, A. W. (2015). Status of beef industry of Malaysia. Malaysian Journal
of Animal Science, 18(2), 1-21.

Badua, A. T., Boonyayatra, S., Awaiwanont, N., Gaban, P. B. V., & Mingala, C. N. (2020). Methicillin-resistant
Staphylococcus aureus (MRSA) associated with mastitis among water buffaloes in the Philippines. Heliyon,
6(12), €05799. https://doi.org/10.1016/j.heliyon.2020.e05799

Bhandari, S., Subedi, D., Tiwari, B. B., Shrestha, P., Shah, S., & Al-Mustapha, A. 1. (2021). Prevalence and risk
factors for multidrug-resistant Escherichia coli isolated from subclinical mastitis in the western Chitwan
region of Nepal. Journal of Dairy Science, 104(12), 12765-12772. https://doi.org/10.3168/jds.2020-19480

Bomfim, V. V. B. da S., Baliciro, A. C., Costa, A. C. M. de S. F. da, Romeiro, E. T., Franco, E. de S., Neves,
M. L. M. W., Marinho, G. L. de O. C., & Farias M. P. O. (2023). Risk factors associated with bovine
mastitis. Revista Ibero-Americana De Humanidades, Ciéncias E Educagdo, 9(3), 1452—1459. https://doi.
org/10.51891/rease.v9i3.8958

Pertanika J. Trop. Agric. Sci. 48 (4): 1071 - 1091 (2025) 1087



Nor’Amira Mohd Amin, Norhariani Mohd Nor, Md Zuki Abu Bakar, Mohammed Babatunde Sadiq, Sharina Omar and Rozaihan Mansor

Chakraborty, S., Dhama, K., Tiwari, R., Yatoo, M. 1., Khurana, S. K., Khandia, R., Munjal, A., Munuswamy,
P., Kumar, M. A., Singh, R., Gupta, V. K., & Chaicumpa, W. (2019). Technological interventions and
advances in the diagnosis of intramammary infections in animals with emphasis on bovine population: A
review. Veterinary Quarterly, 39(1), 76-94. https://doi.org/10.1080/01652176.2019.1642546

Cheng, W. N., & Han, S. G. (2020). Bovine mastitis: Risk factors, therapeutic strategies, and alternative
treatments: A review. Asian-Australasian Journal of Animal Sciences, 33(11), 1699-1713. https://doi.
org/10.5713/ajas.20.0156

Chishty, M. A., Arshad, M., Avais, M., & ljaz, M. (2007). Cross-sectional epidemiological studies on mastitis
in cattle and buffaloes of tehsil Gojra Pakistan. Buffalo Bulletin, 26(2), 50-55.

Costa, A., Neglia, G., Campanile, G., & De Marchi, M. (2020). Milk somatic cell count and its relationship
with milk yield and quality traits in Italian water buffaloes. Journal of Dairy Science, 103(6), 5485-5494.
https://doi.org/10.3168/jds.2019-18009

Demil, E., Teshome, L., Kerie, Y., Habtamu, A., Kumilachew, W., Andualem, T., & Mekonnen, S. A. (2022).
Prevalence of subclinical mastitis, associated risk factors, and antimicrobial susceptibility of the pathogens
isolated from milk samples of dairy cows in Northwest Ethiopia. Preventive Veterinary Medicine, 205,
105680. https://doi.org/10.1016/j.prevetmed.2022.105680

Department of Veterinary Services Malaysia. (2022). Livestock statistics 2022/2023. https://www.dvs.gov.
my/index.php/pages/view/4564

Food and Agriculture Organization of the United Nations. (n.d.). FAOSTAT: Crops and livestock products.
https://www.fao.org/faostat/en/#data/QCL

Gantner, V., Jozef, 1., Gantner, R., Steiner, Z., & Zmai¢, L. (2023). Estimation of prevalence, effect and cost
of mastitis on Simmental dairy farms of different sizes. Economics of Agriculture, 70(4), 1123-1139.
https://:10.59267/ekoPolj23041123G

Garcia-Acevedo, J. F., Tobon, J. D., Grisales, C. F., Gémez, C., Ferndndez-Silva, J. A., & Ramirez-Vasquez,
N. F. (2023). Prevalence and risk factors of mastitis among dairy buffaloes from the departments of
Antioquia and Cérdoba, Colombia. Journal of Buffalo Science, 12, 117-133. https://doi.org/10.6000/1927-
520X.2023.12.14

Hameed, S., Arshad, M., Ashraf, M., Avais, M., & Shahid, M. A. (2012). Cross-sectional epidemiological
studies on mastitis in cattle and buffaloes of Tehsil Burewala, Pakistan. The Journal of Animal and Plant
Sciences, 22(3 Supplement), 371-376.

Hoque, M. N., Talukder, A. K., Saha, O., Hasan, M. M., Sultana, M., Rahman, A. A., & Das, Z. C. (2022).
Antibiogram and virulence profiling reveals multidrug resistant Staphylococcus aureus as the predominant
actiology of subclinical mastitis in riverine buffaloes. Veterinary Medicine and Science, 8(6), 2631-2645.
https://doi.org/10.1002/vms3.942

Hussain, A., Ahmad, M., Mushtaq, M. H., Chaudhry, M., Khan, M. S., Reichel, M., Hussain, T., Khan, A.,
Nisar, M., & Khan, 1. A. (2018). Prevalence of overall and teatwise mastitis and effect of herd size
in dairy buffaloes. Pakistan Journal of Zoology, 50(3), 1107-1112. https://doi.org/10.17582/journal.
pjz/2018.50.3.1107.1112

1088 Pertanika J. Trop. Agric. Sci. 48 (4): 1071 - 1091 (2025)



Prevalence and Risk Factors of Bubaline Mastitis in Malaysia

Islam, J., Rume, F. 1., Liza, L. J., Chaudhary, P. K., & Anower, A. K. M. M. (2019). Assessment of subclinical
mastitis in milch animals by different field diagnostic tests in Barishal district of Bangladesh. Asian-
Australasian Journal of Bioscience and Biotechnology, 4(1), 24-33.

Jaglan, K., Sukhija, N., George, L., Alex, R., & Verma, A. (2022). Impact of non-genetic factors on clinical
mastitis incidence in Murrah buffaloes. Research Square. https://doi.org/10.21203/rs.3.1rs-1967312/v1

Javed, S., McClure, J., Syed, M. A., Obasuyi, O., Ali, S., Tabassum, S., Ejaz, M., & Zhang, K. (2022).
Epidemiology and molecular characterization of Staphylococcus aureus causing bovine mastitis in water
buffaloes from the Hazara division of Khyber Pakhtunkhwa, Pakistan. PLOS One, 17(5), €¢0268152.
https://doi.org/10.1371/journal.pone.0268152

Kashyap, D. K., Giri, D. K., & Dewangan, G. (2019). Prevalence of subclinical mastitis (SCM) in she buffaloes
at Surajpur district of Chhattishgarh, India. Buffalo Bulletin, 38(2), 373-381.

Kaur, M., Verma, R., Bansal, B. K., Mukhopadhyay, C. S., & Arora, J. S. (2015). Status of sub-clinical mastitis
and associated risk factors in Indian water buffalo in Doaba region of Punjab, India. Indian Journal of
Dairy Science, 68(5), 483-487.

Kisku, J. J., & Samad, M. A. (2013). Prevalence of sub-clinical mastitis in lactating buffaloesdetected by
comparative evaluation of indirect tests and bacteriological methods with antibiotic sensitivity profiles
in Bangladesh. Buffalo Bulletin, 32(4), 293-306. https://doi.org/10.14456/ku-bufbu.2013.41

Krishnamoorthy, P., Goudar, A. L., Suresh, K. P., & Roy, P. (2021). Global and countrywide prevalence of
subclinical and clinical mastitis in dairy cattle and buffaloes by systematic review and meta-analysis.
Research in Veterinary Science, 136, 561-586. https://doi.org/10.1016/j.rvsc.2021.04.021

Malaysian Meteorological Department. (2022). Weather and climate. https://data.gov.my/dashboard/weather-
and-climate

Malik, M. H., & Verma, H. K. (2017). Prevalence, economic impact, and risk factors associated with mastitis
in dairy animals of Punjab. Indian Journal of Animal Sciences, 8§7(12), 1452-1456.

Mohd Azmi, A. F., Abu Hassim, H., Mohd Nor, N., Ahmad, H., Meng, G. Y., Abdullah, P., Abu Bakar, M. Z.,
& Zamri-Saad, M. (2021). Comparative growth and economic performances between indigenous swamp
and Murrah crossbred buffaloes in Malaysia. Animals, 11(4), 957. https://doi.org/10.3390/ani11040957

Msimang, V., Rostal, M., Cordel, C., Machalaba, C., Tempia, S., Bagge, W., Burt, F., Karesh, W., Pawgska, J.,
& Thompson, P. (2022). Factors affecting the use of biosecurity measures for the protection of ruminant
livestock and farm workers against infectious diseases in central South Africa. Transboundary and
Emerging Diseases, 69, 1899 - e1912. https://doi.org/10.1111/tbed.14525

Nickerson, S. C., Kautz, F. M., Ely, L. O., & Ryman, V. E. (2019). Germicidal efficacy testing of Forticept Udder
Wash (pre-dip) and Forticept Udder Forte (post-dip) in reducing the new intramammary infection rate and
SCC under natural exposure to mastitis pathogens, with additional in vitro testing of germicidal activity.
University of Georgia. https://animaldairy.uga.edu/content/dam/caes-subsite/animal-dairy-science/
documents/departmental-reports/2019-departmental-reports/Germicidal efficacy testing of Forticept.pdf

Nor, N.A. A. M., & Rosali, M. H. (2015). The development and future direction of Malaysia’s livestock industry.
Food and Fertilizer Technology Centre Agricultural Policy Articles, 8. https://ap.fftc.org.tw/article/960

Pertanika J. Trop. Agric. Sci. 48 (4): 1071 - 1091 (2025) 1089



Nor’Amira Mohd Amin, Norhariani Mohd Nor, Md Zuki Abu Bakar, Mohammed Babatunde Sadiq, Sharina Omar and Rozaihan Mansor

Ottalwar, T., Roy, M., Roy, S., & Ottalwar, N. (2018). Prevalence of subclinical mastitis in buffaloes (Bubalus
bubalis) in Chhattisgarh, India. International Journal of Academic Scientific Research, 8(1), 9-16.

Pizauro, L. J. L., Silva, D. G., Santana, A. M., Clemente, V., Lara, G. H. B, Listoni, F. J. P., Vaz, A. C. N.,
Vidal-Martins, A. M. C., Ribeiro, M. G., & Fagliari, J. J. (2014). Prevalence and etiology of buffalo
mastitis and milk somatic cell count in dry and rainy seasons in a buffalo herd from Analandia, Sao
Paulo State, Brazil. Arquivo Brasileiro de Medicina Veterindaria e Zootecnia, 66(6), 1703-1710. https://
doi.org/10.1590/1678-4162-7414

Pletinckx, L. J., Verhegghe, M., Dewulf, J., Cromb¢, F., De Bleecker, Y., Rasschaert, G., Goddeeris, B. M.,
& De Man, 1. (2011). Screening of poultry-pig farms for methicillin-resistant Staphylococcus aureus:
Sampling methodology and within herd prevalence in broiler flocks and pigs. Infection, Genetics and
Evolution, 11(8), 2133-2137. https://doi.org/10.1016/j.meegid.2011.07.008

Pozo, P, Isla, J., Asiain, A., Navarro, D., & Gortdzar, C. (2024). Contribution of herd management, biosecurity,
and environmental factors to the risk of bovine tuberculosis in a historically low prevalence region. Animal,
18(3), 101105. https://doi.org/10.1016/j.animal.2024.101105

Preethirani, P. L., Isloor, S., Sundareshan, S., Nuthanalakshmi, V., Deepthikiran, K., Sinha, A. Y., Rathnamma,
D., Prabhu, K. N., Sharada, R., Mukkur, T. K., & Hegde, N. R. (2015). Isolation, biochemical and molecular
identification, and in vitro antimicrobial resistance patterns of bacteria isolated from bubaline subclinical
mastitis in South India. PLOS One, 10(11), e0142717. https://doi.org/10.1371/journal.pone.0142717

Renault, V., Humblet, M. F., Pham, P. N., & Saegerman, C. (2021). Biosecurity at cattle farms:
Strengths, weaknesses, opportunities and threats. Pathogens, 10(10), 1315. https://doi.org/10.3390/
pathogens10101315

Salvador, R. T., Beltran, J. M. C., Abes, N. S., Gutierrez, C. A., & Mingala, C. N. (2012). Prevalence and risk
factors of subclinical mastitis as determined by the California Mastitis Test in water buffaloes (Bubalus
bubalis) in Nueva Ecija, Philippines. Journal of Dairy Science, 95(3), 1363-1366. https://doi.org/10.3168/
jds.2011-4503

Schalm, O. W., Carroll, E. J., & Jain, N. C. (1971). Bovine mastitis. Lea & Febiger.

Sharif, A., & Ahmad, T. (2007). Prevalence of severity of mastitis in buffaloes in district Faisalabad, Pakistan.
Journal of Agriculture and Social Science, 3(4), 34-36.

Singha, S., Koop, G., Ceciliani, F., Derks, M., Hoque, M. A., Hossain, M. K., Howlader, M. M. R., Rahman,
M. M., Khatun, M., Boqvist, S., & Persson, Y. (2023). The prevalence and risk factors of subclinical
mastitis in water buffalo (Bubalus bubalis) in Bangladesh. Research in Veterinary Science, 158, 17-25.
https://doi.org/10.1016/j.rvsc.2023.03.004

Singha, S., Koop, G., Rahman, M. M., Ceciliani, F., Addis, M. F., Howlader, M. M. R., Hossain, M. K., Piccinini,
R., Locatelli, C., Persson, Y., & Bronzo, V. (2024). Pathogen group-specific risk factors for intramammary
infection in water buffalo. PLOS One, 19(4), €0299929. https://doi.org/10.1371/journal.pone.0299929

Srinivasan, P., Jagadeswaran, D., Manoharan, R., Giri, T., Balasubramaniam, G. A., & Balachandran, P. (2013).
Prevalence and etiology of subclinical mastitis among buffaloes (Bubalus bubalus) in Namakkal, India.
Pakistan Journal of Biological Sciences, 16(23), 1776-1780. https://doi.org/10.3923/pjbs.2013.1776.1780

1090 Pertanika J. Trop. Agric. Sci. 48 (4): 1071 - 1091 (2025)



Prevalence and Risk Factors of Bubaline Mastitis in Malaysia

Swami, S. V., Patil, R. A., & Gadekar, S. D. (2017). Studies on prevalence of subclinical mastitis in dairy
animals. Journal of Entomology and Zoology Studies, 5(4), 1297-1300.

Thrusfield, M. V. (2005). Veterinary epidemiology (3rd ed.). Blackwell Science Limited.

Tiwari, B. B., Subedi, D., Bhandari, S., Shrestha, P., Pathak, C. R., Chandran, D., Pandey, G., Mohankumar,
P., & Dhama, K. (2022). Prevalence and risk factors of staphylococcal subclinical mastitis in dairy
animals of Chitwan, Nepal. Journal of Pure and Applied Microbiology, 16(2), 1392-1403. https://doi.
org/10.22207/JPAM.16.2.67

Vishwakarma, P., Sushovan Roy, S. R., Manju Roy, M. R., & Shakya, S. (2010). Occurrence of sub clinical
mastitis in buffaloes of Chhattisgarh. Indian Journal of Veterinary Medicine, 30(2), 94-96.

Wahid, H., & Rosnina, Y. (2016). Management of dairy animals: Buffalo: Asia. In Encylopedia of dairy sciences
(pp- 836-844). Academic Press. https://doi.org/10.1016/B978-0-08-100596-5.21231-6

Zaki, M. M., El-Zorba, H. Y., & Kaoud, H. A. (2010). Environmental organisms as risk factors in the occurrence
of' mastitis of dairy buffaloes with suggested methods of control: A field study. Journal Global Veterinaria,
5,97-105.

Zhang, D., Lu, X., Feng, X., Shang, X., Liu, Q., Zhang, N., & Yang, H. (2023). Molecular characteristics of
Staphylococcus aureus strains isolated from subclinical mastitis of water buffaloes in Guangdong Province,
China. Frontiers in Veterinary Science, 10, 1-8. https://doi.org/10.3389/fvets.2023.1177302

Pertanika J. Trop. Agric. Sci. 48 (4): 1071 - 1091 (2025) 1091



