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WATER BUFFALO MILK CHAIN IN BANGLADESH 

S SINGHA 

ABSTRACT 

The present study aimed to assess udder health by estimating the prevalence of 

subclinical mastitis (SCM) and identifying intramammary infection (IMI) causing 

pathogens. Furthermore, milk quality was evaluated by measuring bulk milk somatic cell 

count (BMSCC) on buffalo farms and total bacterial count (TBC), total non-aureus 

staphylococci count (TNAS), total Staphylococcus (S.) aureus count (TSA), total 

Enterobacteriaceae count (TEC), and the presence of zoonotic pathogens along the water 

buffalo milk chain in Bangladesh. A total of 248 water buffalo farms from nine buffalo 

concentration districts, comprising 51 free-range, 106 semi-free-range, 33 households, 

54 semi-intensive, and four intensive buffalo farms, were visited to collect individual 

quarter milk to diagnose SCM using CMT; BMSCC was also measured on-farms. One 

hundred twenty-two farm bulk milk samples, 109 middlemen milk samples, 111 milk 

collection centers, and 35 milk product samples were collected and assessed for TBC, 

TNAS, TSA, and TEC. A subset of these samples, comprising farm bulk milk (n = 34), 

the middleman (n = 37), the milk collection center (n = 37), and milk products from shops 

(n = 35), were analyzed using real-time PCR to estimate the prevalence of seven 

important zoonotic pathogens: S. aureus, Escherichia (E.) coli, Shiga toxin-producing E. 

coli O157:H7, Campylobacter (C.) jejuni, Listeria (L.) monocytogenes, Salmonella (S.) 

enterica, and Yersinia (Y.) enterocolitica. Quarter, buffalo, farm level, and milk value 

chain-related data was collected using questionnaires and observations. The overall SCM 

prevalence was high at the quarter level (27.9 %) and the buffalo level (51.5 %). Non-

aureus staphylococci were the predominant IMI-associated bacterial species. The 

proportion of non-aureus staphylococci or Mammaliicoccus sciuri (NASM), S. aureus, 

and other bacterial species identified in the buffalo quarter samples varied between 

buffalo farms. An intensive buffalo-rearing system, teats on the left, funnel-shaped teats, 

udder asymmetry, single milker, and a lack of quarantine facility were all associated with 

poor buffalo udder health. The geometric mean of BMSCC was 217,000 cells per mL of 

milk, which was low on average, but some farms could improve substantially. Farm-

hygiene-related risk factors for IMI were poor milking hygiene and cleanliness of the 

hind quarters. The likelihood of IMI from any pathogen and NASM were higher in 

buffalo herds with poor milking hygiene. Poor cleanliness of the hind quarters increased 
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the chances of IMI caused by any pathogen, NASM, and S. aureus. Farm management-

related risk factors for IMI were the milking frequency and buffalo source. Farms with 

buffalo purchased from another herd were associated with IMI from any pathogen. Udder 

symmetry and body condition score (BCS) were risk factors related to buffalo breeding 

and nutrition. Asymmetrical udders were associated with IMI caused by any bacteria and 

with IMI caused by S. aureus. Poor BCS showed higher odds of IMI from any pathogen 

and by NASM. Progressively increasing TBC, TNAS, and TEC levels were observed 

along the milk value chain (P < 0.05). High TBC was associated with the winter season, 

cleaning the milk containers using pond water, a mix of buffalo and cow milk, and a poor 

cleanliness score for the milk containers. Farms located in coastal areas were associated 

with high levels of TNAS. Zoonotic pathogens' prevalence increased over the water 

buffalo milk value chain. Three classical enterotoxin-encoded genes for E. coli O157:H7 

were tested, eae, stx1, and stx2, of which the stx2 genotype was the most prevalent in 

milk products (74 %). L. monocytogenes and Y. enterocolitica were more prevalent in 

the farm bulk milk (65-79 %) than in the later milk value chain nodes. The prevalence of 

S. enterica was low (0 - 2.9 %) in all the milk chain nodes, and all the samples were 

negative for C. jejuni. Using plastic containers and dirty clothes to clean milk containers 

were the risk factors associated with contamination by zoonotic pathogens in the buffalo 

milk value chain.  

There was a high prevalence of animal and quarter level SCM, but the overall mean 

BMSCC was satisfactory. A higher prevalence of SCM and BMSCC was observed in 

intensive farms than in free-range or semi-intensive farms. Non-aureus staphylococci 

were the most prevalent-IMI-causing pathogen. Poor milking hygiene and cleanliness of 

hind quarters were associated with a higher prevalence of NASM. Overall, the prevalence 

of most zoonotic pathogens in milk and milk products was very high. Our findings 

indicate that improving udder health and hygiene practices during milk handling could 

help ensure the safety and quality of buffalo milk and milk products consumed in 

Bangladesh. 
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CHAPTER 1  

GENERAL INTRODUCTION 

Livestock is an integral component of Bangladesh’s agro-based farming system and is 

the primary protein, draught power, and manure-based organic fertilizer source (Uddin 

et al., 2011). It also serves as a principal source of employment. The livestock sector 

contributes 20 % of the employment for the entire population and provides partial 

employment for another 50 % (DLS, 2022). It is estimated that in 2021-2022, livestock 

made up 1.9 % of the Gross Domestic Product (GDP), and the GDP growth rate was 3.1 

%, higher than in any year since 2007-2008. The Upazila veterinary hospitals (UVH), a 

part of the government livestock services, collect buffalo population data at the sub-

district level in Bangladesh. Data collection on the number of farms is managed through 

a census by the UVH every year. The current dairy production in Bangladesh is 

dominated by 24.7 million head of cattle and 1.5 million head of buffalo (DLS, 2022). 

The annual milk output has grown from 0.72 million metric tons in 2006 - 07 to 13.1 

million metric tons in 2021 - 22, ensuring milk availability of 200 mL per person per day, 

failing to meet the requirement of 250 mL (DLS, 2021). Milk demand is increasing faster 

than supply, and production is still insufficient. 

In recent years, urbanization, education growth, a drop in poverty, and a rise in 

purchasing power have indeed changed people's food preferences, causing them to 

demand more animal-derived food products such as milk, meat, butter, cheese, ice cream, 

and locally made traditional sweets, which are processed from milk (Uddin et al., 2011; 

Nahar et al., 2022). Therefore, the Bangladesh government has enforced a priority on 

dairy development in recent years by launching large projects like the "Livestock and 

Dairy Development Project" (Worldbank, 2022) with 500 million USD in financial 

support from the World Bank for the development of livestock value chain and food 

safety; providing the free distribution of vaccines from the Bangladesh Livestock 

Research institute since 1998; offering cash incentives to the farmers; and exempting 

pasteurized milk from value added tax to encourage dairy farmers and meet the needs of 

the current milk deficit (Uddin et al., 2011; Hamid et al., 2016b). 

Water buffalo (Bubalus bubalis) is the second-highest contributor to global milk 

production and is South Asia's primary milk-producing dairy species (Minervino et al., 

2020). Water buffalo are known for their better ruminal fermentation and nitrogen 
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utilization capacity than dairy cows, resulting in higher efficiency in their ability to digest 

low-quality feed, convert it into high-quality meat and milk, and resist many diseases 

(Jabari et al., 2014; Deb et al., 2016; Samad, 2020). Water buffalo contributes 

significantly to the total national milk production in neighboring Asian countries, e.g., 

India (56 %), Pakistan (61 %), and Nepal (65 %), whereas water buffalo contribute only 

3 - 4 % of the total milk production in Bangladesh (Hamid et al., 2016a; Hamid et al., 

2016b). Although water buffalo are an important livestock species in Bangladesh, they 

have never been prioritized or used to improve milk and meat production potential. 

However, water buffalo are essential to the national economy (Hamid et al., 2016a). 

Therefore, there is a substantial potential for an increase in water buffalo farming in 

Bangladesh. Large coastal areas and numerous existing and developing islands could 

provide feed resources. This species could be exploited by improving buffalo husbandry 

to meet an additional source of milk to close the existing demand and supply gap (Samad, 

2020). 

Water buffalo are sporadically distributed across the country, mainly in the free-range 

based buffalo-rearing system in the saline coastal area or household subsistence in river 

basin areas of Bangladesh. A few intensive buffalo farms are managed under government 

or private initiatives, mainly used for breeding (Faruque et al., 1990; Hamid et al., 2016a; 

Samad, 2020). The buffalo population in Bangladesh is primarily the indigenous riverine 

type, except for a few swamp-type buffalo in the eastern part of the country. However, 

some high-yield crossbreeds of Murrah, Nili-Ravi, Surti, and Jafarabadi are also farmed 

in the area surrounding the Indian border (Hamid et al., 2016a; Hamid et al., 2016b). 

Buffalo are primarily reared for milk and meat production and partially to overcome 

draught issues. Bangladesh's coastal and semi-coastal districts, surrounded by the 

Meghna-Ganga and the Jamuna-Brahmaputra river floodplains, are the critical areas of 

buffalo concentration, where 40 % of the buffalo population in Bangladesh is kept. This 

is due to the availability of fallow pasture land and green forages (Faruque et al., 1990; 

Hamid et al., 2016b). The daily milk production per buffalo (2.0 - 3.5 Liters) is higher 

than the milk yield from indigenous cattle, and the milk has a high-fat percentage, 

ranging from 6.8 - 13.2 % (Faruque et al., 1990; Hamid et al., 2016b; Habib et al., 2017). 

Therefore, this milk has a higher nutritional potential, can be sold at a better price, and 

contributes to minimizing the current milk deficit in the country. Buffalo milk production 

and sale are carried out directly by producers, vendors, and commercial milk processors 
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(Hamid et al., 2016a). However, mastitis is considered a significant economic concern in 

water buffalo, especially in developing countries where the animals are farmed in 

conditions that sometimes do not meet the basic hygiene requirements. 

Mastitis is an inflammation of the mammary gland that causes detrimental effects on the 

quality and quantity of milk in dairy animals, especially cows, buffalo, and goats 

(Hussein et al., 2020; Krishnamoorthy et al., 2021a; Bari et al., 2022), resulting 

significant economic losses, increasing antibiotic use, and impairing animal welfare 

(Sinha et al., 2014; Ahmed et al., 2018; Badua et al., 2020). Buffalo mastitis is notably 

caused by a bacterial intra-mammary infection (IMI) (Moroni et al., 2006; Badua et al., 

2020), leading to pathological changes in milk, the udder, and/or the animal. The changes 

can be clinical or subclinical. Clinical mastitis (CM) in water buffalo can be diagnosed 

through visible changes in the milk or the udder. When it cannot be determined through 

manual palpation or visual examination, it is defined as subclinical mastitis (SCM) 

(Baloch et al., 2016; Javed et al., 2022). Subclinical mastitis is three times more prevalent 

than CM in buffalo and is responsible for milk quality deterioration and processability 

(Ali et al., 2014; Pasquini et al., 2018; Moradi et al., 2021). Subclinical mastitis in water 

buffalo can be diagnosed by directly measuring the milk somatic cell count (SCC) using 

a somatic cell counter (Jhambh et al., 2017; Kaur et al., 2018). In contrast, the California 

mastitis test (CMT) is a qualitative test that measures the SCC indirectly; it is mainly 

used to detect SCM in individual animals or quarters (Baloch et al., 2018; Islam et al., 

2019).  

Bacteriological culture is a reliable test for determining IMI for CM and SCM in dairy 

animals (Constable et al., 2016; Smistad et al., 2022). Still, it is not a routine practice in 

Bangladesh due to the lack of availability of technical facilities, the lack of awareness of 

farmers, and the inadequate numbers of field practitioners (Hamid et al., 2016b). IMI 

identification in water buffalo is critically important, particularly for SCM, as the clinical 

signs remain unnoticed, and affected animals may act as reservoirs for other healthy 

animals in the herd (Ali et al., 2014; Pizauro et al., 2019). Water buffalo are known to be 

less susceptible to mastitis compared to dairy cows because of anatomical differences in 

the mammary gland. For example, water buffalo have a long narrow teat canal and a 

thicker epithelium and keratin layer, which may prevent easy invasion of 

microorganisms. The high milk fat is also hypothesized to overlay and protect the 

epithelial layer of the teat lining (Thomas et al., 2004).  
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Data on the prevalence of SCM in water buffalo in Bangladesh is not robust. A few 

previous studies have demonstrated a varied prevalence of 11 - 28 % in the Bhola district 

in Bangladesh (Islam et al., 2019; Biswas et al., 2020; Aliul et al., 2021). However, the 

actual prevalence is probably much higher and more variable in the larger buffalo 

population because of the diversification of buffalo-rearing systems, buffalo 

management, and farm-related factors, which could result in a wide variability of IMI-

causing pathogen exposure. Previous studies identifying the risk factors of SCM in water 

buffalo are limited in Bangladesh, if not absent. A previous study showed that SCM 

prevalence was higher in buffalo < 5 years of age and in early lactations (1st - 2nd parity) 

(Biswas et al., 2020). However, no further information is available, for example, 

reporting the association of quarter level factors (e.g., teat shape or teat lesions), animal 

level factors (e.g., milk yield, previous history of CM and pregnancy status), and farm 

level factors (e.g., type of buffalo-rearing system, type of hand milking, pre-milking 

stimulation, and milkers' and udder hygiene). Therefore, a nationwide cross-sectional 

study could help estimate the prevalence of SCM, identify IMI-causing pathogens, and 

determine associated risk factors to identify and implement the most optimal preventive 

measures. 

It is known in dairy cows that milk includes minimal organisms inside the mammary gland 

unless the animal has a systemic illness or IMI (Rainard and Riollet, 2006; Addis et al., 

2016). Still, milk may be contaminated by bacteria, including Staphylococcus, 

Streptococcus, Bacillus, Micrococcus, Corynebacterium, and occasionally coliforms when 

excretes via the teat canal and touches the teat skin (White et al., 1989; Svennesen et al., 

2019). Milk may also be contaminated when the animal suffers from a systemic infection, 

from the udder as a result of IMI, or through contamination from the environment during 

the collection and storage of milk (De Buyser et al., 2001; Verraes et al., 2015; De Silva 

et al., 2016). Most buffalo farmers are rural small-holder farmers who usually keep the 

animals in a traditional crop-livestock integrated system with little technical 

understanding of buffalo production or milk hygiene (Hamid et al., 2016b; Habib et al., 

2017). There is also a lack of government support and training facilities to upgrade their 

knowledge (Habib et al., 2017). Therefore, milk can also be contaminated by various 

types of microorganisms mainly because of inadequate technical knowledge related to 

water buffalo husbandry, for example, poor udder health and unhygienic handling of raw 
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milk during transportation and processing along the water buffalo milk production chain 

in Bangladesh (Hamid et al., 2016b; Samad, 2020). 

Bulk milk somatic cell count is a marketability threshold for milk quality in many 

developed countries (Troendle et al., 2017). Milk somatic cells in dairy animals mainly 

include neutrophils, lymphocytes, macrophages, and some epithelial cells from the 

epithelium lining of the alveoli and ducts (Alhussien and Dang, 2018). Levels of somatic 

cells in milk usually increase in water buffalo with the onset of inflammation in the 

mammary gland, mainly in response to an IMI (Moroni et al., 2006). Previous studies on 

BMSCC in Bangladesh are scarce due to a lack of awareness of its use and the lack of 

somatic cell counters. In international standards for drinkable milk, a BMSCC below 

200,000 cells per mL indicates healthy milk in dairy cows (Barkema et al., 2013; Norman 

et al., 2013), with many European countries considering 400,000 cells per mL acceptable. 

The acceptable BMSCC limit in Canada was reported to be 500,000 cells per mL 

(Barkema et al., 1998; Sargeant et al., 1998). In other countries, like the USA, the 

standard legal limit for SCC in milk was reported to be 750,000 cells per mL (Norman 

et al., 2019), but the limit varies between states. However, there is no acknowledged 

threshold for BMSCC in water buffalo yet. 

In previous studies, milk quality in dairy cows and small ruminants has been assessed 

through different bacterial count parameters, e.g., total bacterial count (TBC), total NAS 

count (TNAS), and total Enterobacteriaceae count (TEC) (Ndahetuye et al., 2020a; 

Berhanu et al., 2021; Khaldi et al., 2022). Total bacterial count in dairy cows involves 

quantifying bacteria in milk from different contamination sources, such as milking 

equipment, milk handlers, and environmental niches (Verraes et al., 2015; Berhanu et al., 

2021). The legal limit for TBC of consumable raw milk suggested in the European Union 

is less than 1 × 105 CFU for cow milk and 1.5 × 106 CFU per mL in milk from other 

species (European Commission, No 853/2004). On the other hand, manufacturing cheese 

from non-cow raw milk should meet a TBC count lower than 5 × 105 CFU per mL 

(Pasquini et al., 2018). According to the New South Wales food authority standards, the 

legal limit for TEC count should be 102 to < 104, and the E. coli should be 3 to 102 CFU per 

mL. 

Consequently, identifying factors associated with elevated bacterial counts is necessary to 

identify measures to maintain the hygienic quality of the milk and milk products. The milk 

value chain in Bangladesh is non-structured, with the essential infrastructure for 
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production input being insufficient for the transportation and processing of milk and 

lacking proper milk hygiene practices (Uddin et al., 2011; Nahar et al., 2022). Microbial 

contamination of the raw milk may vary depending on the education status and attitude 

of the milk handlers and milk hygiene during milk handling from production on the farm 

to further processing (Islam et al., 2018; Berhanu et al., 2021). Additionally, the 

traditionally (raw) fermented yogurt prepared from raw milk with no pasteurization is 

Bangladesh's most popular buffalo milk product. It can be a source of human pathogenic 

organisms (Khaton et al., 2014; Habib et al., 2021). A previous study on dairy cows 

showed that milkers' hands, udder, teat cups, utensils, and water used during milking and 

cleaning the containers were potential sources for the contamination of raw milk (Hamiroune 

et al., 2016). Long storage times and improper storage temperatures could also result in 

bacterial multiplication and increase consumer health risks (Tiwari et al., 2015). Better 

animal health, improved milking hygiene, proper cleaning of the milk containers, 

maintaining a cold chain during transportation, and pasteurization of milk before further 

processing could therefore be necessary to reduce the bacterial contamination from pre-

harvesting (milk excretion) to post-harvesting (collection, storage, processing, and 

distribution) of buffalo milk and milk products. To the authors' knowledge, no previous 

studies have reported on bacterial contamination and associated risks along the milk value 

chain in raw buffalo milk and dairy products in Bangladesh. Therefore, assessment of udder 

health and milk quality and identification of the control measures are needed to improve 

buffalo milk production in Bangladesh.  

1.1 General objectives 

The present Ph.D. project, therefore, aims to fulfill the following objectives: 

i) Conduct a systematic review and meta-analysis on the prevalence, etiology, and risk 

factors for SCM in water buffalo, 

ii) Estimate the prevalence of SCM, identify risk factors associated with SCM and farm 

level risk factors related to BMSCC in water buffalo in Bangladesh, 

iii) Estimate the prevalence and identify risk factors associated with IMI-causing 

pathogens in water buffalo in Bangladesh, 

iv) Explore the water buffalo milk chain and identify factors affecting BMSCC and 

bacterial counts by measuring TBC, TNAS, TSA, and TEC in Bangladesh, and 

v) Estimate the prevalence of zoonotic pathogens in the milk and milk products 

along Bangladesh's water buffalo milk value chain. 
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CHAPTER 2  

REVIEW OF THE LITERATURE 

Water buffalo are important to the agricultural economies of South Asian countries with 

low and middle incomes as they serve as primary sources of milk, meat, and meat 

products. They are the second most significant dairy species after cows. Importantly, in 

India, Pakistan, and Nepal in southeast Asia, water buffalo are the principal contributor 

of milk and meat. Despite sharing the same geographic location and topographical 

environment, Bangladesh trails its neighbors in buffalo production. Moreover, 

Bangladesh is at risk of not having enough feed sources to produce dairy due to ongoing 

global climate change. In these circumstances, buffalo may serve as a potential animal in 

terms of its adaptability to harsh conditions with limited feed resources, disease 

resistance, and better quality milk and meat production. The purpose of this chapter is to 

review the pertinent research and describe the features of the buffalo population, the 

pathophysiology of the mammary gland, buffalo milk quality, and buffalo milk 

microbiota. The final aim of this chapter is to find out the knowledge gaps and 

demonstrate the relevance of conducting the present study. 

2.1 Water buffalo are an important livestock species 

Water buffalo (Bubalus bubalis) are members of the family "Bovidae" and the sub-family 

of "Bovinae". Water buffalo are believed to have received their name because they prefer 

riverine habitats. Two types of water buffalo exist: the swamp type and the river type, 

both known to be descended from a wild Asian water buffalo (Bubalus arnee) (Presicce 

et al., 2017). River-type buffalo were probably domesticated around 6,300 years ago in 

northwestern India. From there, they traveled west, passing through Egypt, Anatolia, and 

southwestern Asia before arriving in the Balkans and the Italian peninsula (Morgan et 

al., 2007). The genetic makeup and external appearance of water buffalo of the river type 

differ from those of the swamp type. The chromosomal count of river-type buffalo is 

higher than that of swamp-type buffalo (50 vs. 48). In contrast to swamp-type buffalo, 

which prefer to mud-wallow, river-type buffalo prefer to wallow in fresh water. Their 

horn anatomy demonstrates the primary anatomical difference. Swamp-type buffalo has 

larger horns oriented laterally or horizontally, and the horns of river-type water buffalo 

are shorter and firmly curled in all directions (Fig. 2.1). China has the highest total swamp 

buffalo population, and India with the most river-type buffalo. China contains 63 % 
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swamp-type buffalo, and India 69 % river-type (Zhang et al., 2020). There are 123 known 

buffalo breeds, 90 in Asia alone, many of which are local, and 15 breeds have been 

recorded as transboundary (Mason, 1951). The Nili-Ravi, Kundi, Murrah, Jafarabadi, 

and Mediterranean breeds are the most known among the river-type buffalo (Khan, 2002; 

Minervino et al., 2020). All European buffalo are believed to be of the same breed, known 

as the Mediterranean: in Italy, the Mediterranean type was specially developed and is 

known as the Mediterranean Italian breed; in Turkey, there is the Anatolian breed; in 

Egypt, the Egyptian breed; in Iraq, the Khuzestani or Iraqi breed; in Azerbaijan, the Azeri 

or Caucasian breed; and in Iran, there are the Azeri and Khuzestani breeds. China has 

recognized 18 known breeds/strains of swamp buffalo, while Indonesia has identified 

around seven breeds/strains (Triwulanningsih and Praharani, 2006; Yang and Zhang, 

2006; Hamid et al., 2016a). In Bangladesh the buffalo population comprises of 

indigenous non-descriptive river-type buffalo, and the cross breeds of indigenous non-

descriptive breeds either with migrated river-type buffalo from India or swamp-type 

buffalo migrated from Myanmar (Hamid et al., 2016a). 

 

Fig. 2.1 Differences in horn structure between swamp-type and river-type buffalo 

Photo source: UHB team and Canava graphic design platform. 

 

Murrah Jaffarabadi Mediterranean 
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2.2 Water buffalo population in the world and Bangladesh 

An estimated 208 million water buffalo are found in 77 nations across five continents 

(Minervino et al., 2020). The evolution of the global water buffalo herd is shown in Fig. 

2.2 using data from 1968 to 2018; over these 50 years, the population of buffalo herds 

has increased by 97.9 % worldwide. The global buffalo population has increased by about 

40 % from 1968 to 2018. 

Fig. 2.2 Trends in the global buffalo population during 1968-2018 

(A) The global buffalo population over the previous 50 years (1968–2018); (B) The 

global buffalo population over the previous 50 years (1968-2018), displayed by 

continent. The count for Asia is shown on the right red axis. The left axis depicts Europe, 

Africa, and America (Minervino et al., 2020). 

About 197 million buffalo heads of water buffalo are found in Asia (97 %). South Asia 

accounts for 71 % of the global buffalo population in Asia. It should be emphasized that 

the buffalo population in Asia is steadily growing, but Europe's population declined until 

1998 (Minervino et al., 2021). Due to the water buffalo breed development, and 

expansion of the cheese industry, only Italy has consistently increased its buffalo 

population. In contrast, in Eastern European countries where buffalo were used as draft 

animals for land work or carriages and had low milk yields, they were probably replaced 

by high-yielding cows and mechanization (Minervino et al., 2020). Therefore, water 

buffalo can be considered an economically important livestock species in South Asian 

countries and Italy. 

Bangladesh only has 1.5 million buffalo (DLS, 2021), with roughly 40 % concentrated 

in the coastal areas. There are also a few buffalo pockets, including the coastal region, 

the Sylhet haor region, the sugar cane belt of Jamalpur, and the Kanihari buffalo pocket 
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in Trishal upazila of Mymensingh district of Bangladesh, which has been used 

exclusively for milk production (Sohel et al., 2015). In Fig 2.3, the district-level buffalo 

population in Bangladesh is shown.  

 

Fig. 2.3 District-level buffalo heads in Bangladesh. Data source: LDDP (2019) 

Buffalo in Bangladesh can primarily be split into two categories (i) indigenous non-

descriptive river-type buffalo located in the country's coastal regions and marshlands, 

and (ii) migratory buffalo from India and Myanmar found in the sugarcane belt and Cox’s 

Bazar district, respectively (Saadullah, 2012). The migratory buffalo from India are 

primarily of the river type, and those from Myanmar are of the swamp type. However, 

some crossbred between the two species can be seen in the coastal area. In 1960, a small 
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number of Nili-Ravi buffalo were brought into Bangladesh from Pakistan to provide local 

farmers with breeding bulls. After that, in 1990, the Department of Livestock Services 

(DLS) brought in one hundred pregnant heifers of the Nili-Ravi breed from Pakistan. 

These buffalo were raised in the Bagherhat district on a newly formed government farm 

specializing in buffalo breeding. However, at present, the genetic merit level of the 

subsequent progeny of these purebreds has been reduced due to indiscriminate 

inbreeding. In addition to this, artificial insemination has been carried out in 39 Upazila 

(sub-districts) throughout 13 districts in Bangladesh between indigenous buffalo and 

Italian Mediterranean semen since the year 2010. These crossbreed water buffalo are now 

sporadically distributed throughout the country. They are concentrated in the 

Brahammaputra-Jamuna floodplain and the Meghna-Ganga floodplain (Faruque and 

Hossain, 2007). Around the Indian border, some crossbreeds of the non-descriptive breed 

with Murrah, Nili-Ravi, Surti, and Jafarabadi are also known (Faruque et al., 1990; 

Borghese, 2005). In general, indigenous non-descriptive varieties of water buffalo are 

the only recognized native breed in Bangladesh (Faruque et al., 1990). 

2.3 Global features of the buffalo milk production 

Buffalo milk production reached 128 million tons in 2018, accounting for 15 % of global 

total milk production (Minervino et al., 2020). It's interesting to note that between 2011 

and 2018, buffalo milk production has grown by 32 %. About 98 percent of the world's 

buffalo milk is produced in only ten nations (India, Pakistan, China, Egypt, Nepal, Italy, 

Myanmar, Iran, Colombia, and Brazil) (Minervino et al., 2020). South Asian SAARC 

countries produce 93 % of the world's buffalo milk, with India and Pakistan contributing 

68 % and 24 %, respectively (Hamid et al., 2016a). The buffalo is the most important 

milk-producing animal in India and Pakistan, with a much higher population than cows 

(Minervino et al., 2020). Due to a lack of data on buffalo milk production, the amount of 

milk produced globally is probably underestimated. Currently, 50 of the 77 nations with 

buffalo populations do not report any information on buffalo milk production; these 50 

countries account for 7.5 million buffalo, approximately 6 % of all known buffalo 

populations worldwide (FAOSTAT, 2019). Among the buffalo-producing countries, 

only Italy has so far built a buffalo milk traceability system that collects real-time data 

on buffalo milk production at the national level (Cappelli et al., 2021). 
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In Bangladesh, buffalo are farmed in household subsistence and extensive farming in 

saline coastal regions as a draft animal and partially for milk and meat production (Hamid 

et al., 2016a). Buffalo milk production in Bangladesh is 0.04 million tonnes, which shares 

only a negligible amount of total national milk (4 %) compared to neighboring countries. 

The average annual buffalo milk production is 407 liters per animal, lower than the 

neighboring countries. A comparative milk production scenario from SAARC countries 

is given in Table 2.1. 

Table 2.1 Buffalo milk production (million tons) in the world and SAARC 

countries (Hamid et al., 2016a; Minervino et al., 2020) 

Region / Country Buffalo population 

(million heads) (%) 

Milk production 

(million tons) (%) 

Annual milk 

production 

(L/animal) 

World 208.1 (100) 95.8 (100) - 

Asia 201.4 (97) 93.0 (97) - 

SAARC countries 160.1 (77) 89.3 (93) - 

India 114.2 (55) 65.1 (68.0) 1,407 

Pakistan 38.8 (19) 23.0 (24.0) 1,909 

Nepal 5.3 (0.03) 1.1 (0.01) 842 

Bangladesh 1.5 (0.007) 0.04 (0.004) 407 

Sri Lanka 0.3 (0.001) 0.05 (0.0005) 648 

Bhutan 0.0005 (0.000002) 0.00008 - 

2.4 Buffalo production system in Bangladesh 

2.4.1 Buffalo-rearing systems 

Buffalo are raised across Bangladesh, with concentrations in coastal salty, plain, marshy, 

and hilly areas, depending on feed availability. Buffalo are raised under four production 

systems based on land area and type: free-range or extensive, household subsistence, 

semi-intensive, and intensive (Fig. 2.4). In the lower coastal area, buffalo are reared using 

the free-range rearing system locally known as "bathan". Bathan system comprises 

offshore islands, mudflats, and newer accretions. Coastal regions feature extensive 

vegetation for grazing, and farmers utilize buffalo for milk and meat. The herd size 

ranges from 50 to 600 animals and is raised on natural grazing with little or no 

supplemental feed (Deb et al., 2016; Habib et al., 2017). The animals rely only on grazing 

on fallow land in remote islands, and buffalo are also moved to various islands depending 

on green roughage availability. Household buffalo are raised in stalls with 6-7 hours of 

grazing in the backyard or on public property with little or no additional feed 
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supplementation. Herd size averages 1-3, with a maximum of 10. Semi-intensive herd 

size averages 4-15 animals, and buffalo are shifted from bathans close to the households, 

mainly in coastal or semi-costal locations in rice harvesting season. In intensive rearing, 

buffalo herd sizes range from 20 - 200 animals are always kept in the shed and bathed 

and fed. In winter, buffalo are bathed twice a day and three times in summer (Hamid et 

al., 2016a; Rahman et al., 2019a). 

 

Fig. 2.4 Five different buffalo-rearing systems in Bangladesh 

Photo source: UHB team. 

2.4.2 Buffalo diseases 

Hemorrhagic septicemia, calf pneumonia, helminthiasis, enteritis, and mastitis are the 

primary infectious diseases in water buffalo in Bangladesh (Islam et al., 2016a). Islam et 

al. (2016a) found that 64 % of buffalo had gastrointestinal parasites. Some other 

infectious diseases are bubaline herpesvirus (Caruso et al., 2016) and various zoonotic 

diseases, such as cryptosporidiosis, leptospirosis, giardiasis, salmonellosis, and 

tuberculosis (De Barros et al., 2020; Minervino et al., 2021). Prolonged acyclicity, 

postpartum anestrus, and losing embryos or fetuses are the few most known reproductive 

issues in water buffalo (El-Wishy, 2007; Qayyum et al., 2018). Buffalo is also affected 

by several metabolic diseases, e.g., ketosis and hypocalcemia, mainly during the early 
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post-partum period (Krishna et al., 2014). However, prior global research indicates that 

mastitis is one of water buffalo's most important infectious diseases (Ahmad, 2001; Abd-

Elrahman, 2013; Pizauro et al., 2014). 

2.5 Mastitis in water buffalo 

Mastitis is an inflammation of the mammary gland, mainly resulting from the penetration 

of pathogens into the gland. Clinical mastitis is defined as inflammation with visible 

symptoms like changes in milk, local symptoms of the udder, and systemic symptoms 

(Fig. 2.5). Subclinical mastitis is defined as inflammation without visible symptoms and 

can only be identified by measuring inflammatory indicators in the milk. (Fig. 2.6). 

Currently, SCM in water buffalo are diagnosed either by direct measurement of the 

somatic cells by the somatic cell count (SCC) or indirect assessment by multiple 

screening tests, for example, the California mastitis test (CMT) or Electrical conductivity 

test (Dhakal et al., 2008; Hussain et al., 2018; Aldujaily et al., 2019). Diagnosis of SCM 

can be performed at the quarter level by testing individual quarter milk samples or at the 

animal level by testing the composite milk samples taken from four quarters of an animal 

(Table 2.2). Research on mastitis in water buffalo has mainly focused on assessing the 

prevalence of CM or SCM, identifying IMI-causing pathogens, and determining 

underlying risk factors (Moroni et al., 2006; Sharma and Sindhu, 2007; Salvador et al., 

2012). Particularly IMI-causing pathogens were studied for antimicrobial resistance and 

biofilm-forming ability during episodes of SCM in water buffalo (Hoque et al., 2022; 

Selim et al., 2022; Urer et al., 2023). Recently, changes in lipidome or peptidomics 

profiles have been described in water buffalo, which could explore possibilities to 

identify the biomarkers of IMI in water buffalo (Addis et al., 2022; Ceciliani et al., 2022). 

Importance has also been given to developing a somatic cell count threshold in water 

buffalo (Dhakal, 2006). Also, previous studies attempted to explore the relationship of 

somatic cell count measurement with different influencing factors, such as IMI (Moroni 

et al., 2006; Zhang et al., 2022), effects of diseases other than mastitis, epidermal growth 

factor, and genetic influences (Sahoo et al., 2010; Kazak et al., 2022; Shaban et al., 2022). 

Several other studies aimed to evaluate mastitis treatment and prevention strategies by 

implementing dry cow therapy (Guccione et al., 2020), improving milking hygiene 

(Sahin et al., 2016; Sannino et al., 2018), or enhancing immunity through additional 

dietary supplementation, e.g., Selenium, vitamin E and Zinc, antioxidants, probiotics, 
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and herbal or medicinal plants (Shailja and Singh, 2002; Chandra et al., 2016; Yigit et 

al., 2018). Overall, scientists worldwide tried various creative approaches to enhance 

udder health, but mastitis remained an immense challenge in water buffalo which needs 

more research. 

Table 2.2 Grading of subclinical mastitis using California mastitis test concerning 

somatic cell count and electrical conductivity test of quarter milk sample 

Type of 

test 

Scores Definition Somatic cell 

count 

EC 

California 

mastitis 

test 

Score-1 No thickening (Healthy) < 200,000 cells 

per mL 

< 3.7 

mS/cm 

Score-2 Slight thickening 

(Suspicious) 

≥ 200,000 cells 

per mL 

≥ 3.7 

mS/cm 

Score-3 Distinct thickening (SCM) 

Score-4 Immediate thickening with 

slight gel formation (SCM) 

Score-5 Strong gel formation and 

the surface of the milk 

mixture elevates (SCM) 

 

 

Fig. 2.5 Diagnosis of subclinical mastitis by performing California mastitis test on 

healthy individual quarter milk samples in water buffalo 
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Fig. 2.6 Grading of clinical mastitis based on the presentation of the clinical signs 

2.6 Prevalence of subclinical mastitis in water buffalo 

In previous studies, SCM was mainly diagnosed directly using somatic cell count (SCC) 

and indirectly by CMT or surf field mastitis test (SFMT). The prevalence estimation 

was primarily based on only a few buffalo farms, and most cases were diagnosed using 

a test whose definition was uncertain. Given this, the assessment may have 

underestimated or overestimated the actual prevalence of SCM in water buffalo. A 

general summary of the prevalence of SCM in four South Asian countries is given in 

Table 2.3. 
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Mild (Grade-I) Changes in milk 
Milk

Discoloration, clots, flakes or pus

Moderate (Grade-II) Changes in milk and udder

Milk

Discoloration, clots, flakes or pus

Udder

Swelling, hot, pain, read

Severe (Grade-III)
Changes in milk and udder as 

well as system

Milk

Discoloration, clots, flakes or pus

Udder

Swelling, hot, pain, red

Systemic

Fever, anorexia, recumbancy, death
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Table 2.3 Overview of the Prevalence of subclinical mastitis in South Asian 

Countries 

Different diagnostic tests were used to detect subclinical mastitis: a = CMT; b= SCC; 

c= EC; d= SFMT; NA was noted when no data was given. 

 

2.7 Risk factors of subclinical mastitis in water buffalo 

Previous studies reported various farm, animal, and quarter-specific variables that 

increased the prevalence of SCM in water buffalo. Risk factors associated with SCM in 

water buffalo are briefly discussed below. 

2.7.1 Breed 

Previous studies showed (Hussain et al., 2013; Islam et al., 2019; Aliul et al., 2021) that 

the prevalence of SCM was comparatively higher in Murrah or Nili-Ravi than in 

indigenous non-descriptive buffalo breeds. Compared to the Murrah buffalo, the Nili-

Ravi buffalo demonstrated a greater prevalence of SCM (Kaur et al., 2018). However, 

the biological reasons for protecting against SCM in buffalo breeds are unknown. It's 

known that indigenous cows are more immune to infections than crossbred cows, so that 

they might have a decreased incidence of SCM. Regarding cows, local breeds are adapted 

Country References 

The 

number 

of buffalo 

tested 

Number 

of herds 

Animal 

level 

prevalence 

(%) 

Quarter 

level 

prevalence 

(%) 

Threshold 

Bangladesh 
Biswas et al. (2020)a 70 2 20.0 NA Not Defined 

Islam et al. (2019)a 40 1 33.0 NA Not Defined 

India 

Kaur et al. (2018)b 81 1 28.6 10.6 
> 400,000 cells per 

mL 

Jhambh et al. (2017)a, b 217 1 31.8 17.1 

Pos scores 2 to 5, 

and SCC 

> 50,000 cells per 

mL 

Pakistan 

Baloch et al. (2016) a 210 NA 54.3 39.3 Pos scores 2 to 5 

Ali et al. (2014) a 390  41.8 21.1 Pos scores 2 to 5 

Hussain et al. (2013) a 592 10 NA 15.2 Pos scores 2 to 5 

Hameed et al. (2012) d 382 NA 36.4 16.0 Pos Slime/gel form 

Nepal 

Tiwari et al. (2022) a 50 NA 70.0 NA Pos scores 2 to 5 

Dhakal and Nagahata 

(2018)a, b, c 
355 NA NA 15.0 

Pos scores 1 to 3,  

SCC > 200,000 cells 

per mL,  

EC < 3.7 mS/cm 
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to the environment and often produce less milk than crossbred cows, which may help 

explain why crossbred cows are more susceptible to SCM than local varieties. 

2.7.2 Age, parity, and lactation stage 

Younger buffalo (≤ 3 years) had a higher likelihood of having SCM than older buffalo 

(> 3 years) (Salvador et al., 2012). In dairy cows, it was shown that older cows (> 3 years) 

in the later lactation stage (> 6 months of days in milk) had a higher risk of SCM (Olde 

Riekerink et al., 2007). The gradual degeneration of the body's immune system with age 

and anatomical alterations in the udder and the teats play a role in mastitis development 

proportional to the animal age (Petrovski et al., 2009). Buffalo, with 7th parity or higher, 

exhibited a substantial influence of parity on the prevalence (40 %) of SCM (Baloch et 

al., 2018). Staphylococcus spp. is one of the most common causes of SCM in water 

buffalo (Sharma and Sindhu, 2007; Kumar et al., 2008; Joshi et al., 2013). In most cases, 

staphylococci are responsible for chronic infections; a small percentage of these cases 

will never be treated (Smith et al., 2005). As a result, older animals are likely to 

accumulate more IMI than younger animals, which may lead to a higher prevalence of 

SCM (Bari et al., 2022). In the early lactation stage, the prevalence of SCM is 

significantly higher than in late lactation in water buffalo (Salvador et al., 2012). Because 

in the early stages of lactation, animals may frequently experience more stress due to 

parturition and postpartum events such as colostrum production, resulting in a high SCM 

prevalence (Bari et al., 2022). 

2.7.3 Udder and teat conformation 

Water buffalo have a distinct morphological difference in udder and teat shapes. The 

udder may be a bowl, globular, or pendulous shaped, whereas the teat may be cylindrical, 

conical, or funnel-shaped (Kaur et al., 2018). There is a correlation between the udder 

and teat conformation and a higher prevalence of SCM. Prasad et al. (2010) showed that 

Murrah buffalo with longer, wider teats placed closer to the floor had a higher prevalence 

of SCM. In terms of the shape of the teat-end, SCM was observed more commonly in the 

round (14 %) teat-ends as opposed to pointed (9 %) teat-ends (Kaur et al., 2018). When 

protecting against IMI, the teat is the first line of protection. Therefore, the morphometric 

characteristics of the udder and the teats (Fig. 2.7) are among the potential risk factors 

that may predispose the animal to IMI (Okano et al., 2015). The udder and teat shape 
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may influence milking techniques, particularly hand milking. It was evidenced that cows 

and buffalo that are easy to milk have a lower risk for CM. The high prevalence of CM 

in hard milkers may be caused by the increased pressure applied during the milking 

process, which might cause injury to the mammary tissue (Hameed et al., 2012).  

 

Fig. 2.7 Morphological differences in teat and udder shapes observed in water 

buffalo in Bangladesh 

Photo source: UHB team 

2.7.4 Season 

The climatic conditions of a region may influence the SCM prevalence in water buffalo 

(Dhakal et al., 2007). In Nepal, buffalo CM cases peaked in summer (37 %), followed 

by autumn (32 %) and spring (February-April) (8 %) (Dhakal et al., 2007). In Punjab, 

India, a higher incidence of CM cases (35 %) was observed in monsoons than in other 

seasons (Bhutia et al., 2019). From early July to September in Punjab, India, monsoon 

weather remains hot and humid (above 80 % humidity). With frequent rain, floors in the 

dairy shed get muddy. These conditions may increase the proliferation of IMI-causing 

bacteria, such as E. coli, in the environment, exposing dairy buffalo to them (Sharma et 

al., 2012; Purohit et al., 2014; Gao et al., 2017). In dairy buffalo, heat and dietary stress 

in response to the season may also influence immunity and predispose an IMI resulting 

in a high prevalence of SCM (Keviletsu and Yadav, 2010). 
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2.7.5 Housing and herd size 

A previous study found that backyard-housed Nili-Ravi buffalo had a higher CM 

prevalence than those in free-range areas. Clinical mastitis was most elevated in animals 

kept on bricks, followed by those on cement. Earthen-floored animals had the lowest 

prevalence (Hameed et al., 2012). Mastitis is common in animals confined on brick and 

cement floors, possibly due to repeated lying and standing on the hard surface, which 

may cause teat injury. Poor hygienic and managemental conditions may be accounted for 

a high prevalence of mastitis (Ali et al., 2011). A prior study found that large herds (40 

%) had the highest SCM prevalence, followed by medium-sized (32 %) and small (28 

%) herds. The management of a large herd, if not mechanized, is more laborious and 

challenging than that of a small or medium herd and may predispose to a high SCM 

prevalence (Ali et al., 2014). 

2.7.6 Milking management 

The buffalo farms use either machine or hand milking practices. However, hand milking 

is typical in South Asian countries like Bangladesh, India, Pakistan, and Nepal (Ali et 

al., 2014; Singha et al., 2023). For the hand milking method, a complete hand or folded 

thumb is often used, for example, either the stripping or knuckling technique is applied 

(Fig. 2.8). Buffalo that were milked using the complete hand milking had a lower 

prevalence when compared to buffalo that were milked using a folded thumb. It is 

possible that the trauma caused by folding one thumb while milking buffalo could be 

responsible for the high prevalence of CM, as previously seen in cows and water buffalo 

(Hameed et al., 2012). Another possible contributor to teat injury is the pre-milking teat 

stimulation procedures. Calf sucking, concentrate supplementation, and oxytocin are all 

preferred methods to boost milk ejection in water buffalo. The prevalence of SCM was 

substantially greater when calve suckling was used for stimulation than when concentrate 

was given before milking (Bilal et al., 2004; Hameed et al., 2012). During hand milking, 

it is standard practice to drag the calf away from the teat while still suckling, which can 

cause teat injury and predispose the calf to IMI. 
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Fig. 2.8 Different types of hand milking systems used in water buffalo in 

Bangladesh 

2.7.7 Hygiene, sanitation, and biosecurity 

SCM prevalence in water buffalo is greatly affected by herd hygiene. The largest 

prevalence of SCM (47%) was found on farms with poor hygienic practices. SCM was 

found on 31% and 22% of farms with reasonable and good hygiene, respectively (Ali et 

al., 2014). Farms with poor drainage systems had a higher prevalence of CM than farms 

with better drainage systems. Dung removal frequency correlates with CM in buffalo 

(Hameed et al., 2012). Lack of proper hygiene and sanitation allows for the spread of 

bacteria, which may increase cases of mastitis. Some potential biosecurity precautions 

against SCM include routinely removing manure from the sheds, limiting interaction 

with other animals, installing footbaths at the entry, and providing access to handwashing 

facilities before handling the animals (Bari et al., 2022). 

Generally, risk factors associated with SCM in water buffalo are frequently reported 

based on univariable analysis. However, only limited studies (Salvador et al., 2013) are 

known to estimate the strength of the association of the herd or animal level risk factors 

on SCM in water buffalo. Therefore, further investigation is necessary to assess the risk 

factors and help identify effective control measures to reduce SCM in water buffalo. 

2.8  Intramammary infection causing pathogens in water buffalo 

Intramammary infections can be found in CM and SCM, mainly in response to bacterial 

invasion, although many other pathogens are known to be linked to IMI (Keane, 2019). 

Based on the transmission mode, IMI-causing pathogens are classified into i) contagious 
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pathogens and ii) environmental pathogens. Contagious mastitis pathogens spread from 

animal to animal (via the milking machine or the milker), whereas environmental mastitis 

pathogens spread from the environment (Cobirka et al., 2020). Previous studies reported 

that water buffalo IMIs are caused mainly by Staphylococcus spp., Streptococcus spp., 

and different Gram-negative bacteria at the genus level and S. aureus, Strep. agalactiae, 

S. epidermidis, and E. coli at the species level (Moroni et al., 2006; Joshi et al., 2013; Ali 

et al., 2014). In contrast to S. aureus and Strep. uberis, where persistent infections with 

relatively low bacterial counts are more common, E. coli infections tend to last only a 

few days and produce a high bacterial count. E. coli infections are more likely to induce 

severe clinical symptoms than S. aureus infections in dairy cows (Schukken et al., 2011). 

After the bacterial invasion, the host immune response can be affected following disease 

progression (Keane, 2019). Therefore, identifying IMI-causing pathogen species and 

transmission routes is vital for effective mastitis treatment and preventive strategies. 

2.9  Identification of mastitis pathogens 

The National mastitis council (NMC) guidelines provide the instruction to perform a 

bacteriological culture to identify IMI-causing pathogens from the milk samples (Adkins 

et al., 2017c). In earlier investigations, IMI-causing microorganisms in quarter milk 

samples from healthy or SCM-affected water buffalo have generally been detected using 

bacteriological culture alone or in combination with biochemical or molecular assays 

utilizing PCR (Preethirani et al., 2015; Jhambh et al., 2017). In recent years, Matrix-

assisted laser desorption/ionization mass spectrometry (MALDI-TOF MS) has become 

the standard approach for the fast, accurate identification of cultivated bacterial species 

(Borriello et al., 2012; Nonnemann et al., 2019). However, there are several pros and 

cons associated with each of these techniques. PCR-based diagnosis of IMI pathogens 

cannot differentiate between live and dead bacteria. On the other hand, culture-based 

methods make the species-level determination using bacterial culture difficult and time-

consuming. Live IMI-causing bacterial species can be determined with better accuracy, 

followed by a combination of bacterial culture and MALDI-TOF MS (Ngassam 

Tchamba et al., 2019; Nonnemann et al., 2019). 
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2.10  Treatment strategy 

No guidelines on treating SCM or CM in water buffalo are available. NMC (2022) 

guideline suggests antibiotic treatment of cows with CM should wait until the 

bacteriological culture results are available to ascertain the type of organisms responsible 

for CM. Whether the samples are analyzed on-farm or sent to a lab, the culture results 

will be forwarded within 24 hours, and antibiotics will be selected accordingly. 

Antibiotics will not be given to cows afflicted with Gram-negative bacteria. Still, they 

will be given other medications, such as oxytocin to improve milk let-down, intravenous 

or oral fluids, and non-steroidal anti-inflammatory drugs (Landin et al., 2011). Antibiotic 

treatment for a confirmed Gram-positive bacterial infection will be selected following 

antibiotic susceptibility test results. For the first 24 hours, while waiting for the 

bacteriological culturing, except for cases of severe CM needing prompt treatment, the 

cows will only receive supportive medication, such as oral or systemic fluid and anti-

inflammatory drugs (Adkins et al., 2017c). Udder Health Bangladesh has recently 

developed a guideline for treating acute and chronic forms of CM in dairy cows in 

developing countries (Paul et al., 2019). The UHB guidelines specify the suggestions for 

delayed antimicrobial therapy, the cases needing immediate therapy, and where 

antimicrobial therapy may remain ineffective. 

2.11  Antimicrobial susceptibility of intramammary infection-causing pathogens in water 

buffalo 

Antibiotics are the principal therapies for CM in dairy cows and water buffalo. Several 

research in Bangladesh and neighboring countries have looked at the state of antibiotic 

susceptibility against bacteria that cause mastitis in water buffalo. A recent study in 

Bangladesh (Hoque et al., 2022) aimed to use antibiogram and virulence gene profiling 

to characterize S. aureus in SCM milk samples from riverine buffalo in Bangladesh. 

Antibiogram testing showed that 96 % of the S. aureus isolates were multidrug-resistant. 

Another 29 and 16 isolates had methicillin-resistant and panton-valentine leucocidin 

genes, respectively. Another study in Turkey recently reported that 14 % of NAS isolates 

showed multidrug resistance (Gurler et al., 2022). Therefore, addressing the issue of the 

dissemination of antimicrobial resistance is critically important to protect water buffalo 

health and public health safety. 
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2.12  Prevention and control of mastitis 

So far, no guidelines for mastitis prevention and control strategies in water buffalo have 

been established. Therefore, the recognized strategies for dairy cows could be adapted or 

adjusted to develop precise guidelines for water buffalo. The National Mastitis Council 

(NMC, 2022) has advised 10-point mastitis control strategies for dairy cows, which 

recommends setting an udder health goal by targeting periodic SCC and monitoring 

improvement (Fig. 2.9). However, all these points may not be applicable in the situation 

where awareness about SCC is largely lacking, or laboratory facilities could be barely 

reachable by the buffalo farmers at the remote area. 

 

Fig. 2.9 Recommended 10-point mastitis control program by the national mastitis 

council. 

2.13  Buffalo milk value chain in Bangladesh 

In Bangladesh, there is a growing interest in buffalo milk production because of the 

popularity of buffalo milk products. Due to cheaper management and feeding expenses, 

traditional buffalo-rearing in a mixed-crop livestock system is growing in Bangladesh 

(Deb et al., 2016; Hamid et al., 2016b). However, 1.5 million water buffalo in Bangladesh 



 
26 

produce barely 4 % of the country's milk (Hamid et al., 2016a). The milk production is 

reasonably low, ranging from 1-3 L per animal per day (Samad, 2020). Farmers sell their 

milk directly to neighborhood markets, collecting centers, or sweet shops or indirectly 

through middlemen in this informal milk value chain. Mainly milk from different areas 

is collected at milk collection centers or sweet shops. The fixed middleman collects the 

milk from the remote farms on a yearly contract basis, which is transported without any 

cooling facility. Island milk is collected from several bathans in each killa (several 

bathans make a killa), and the middleman mixes all the milk from the entire island. Then, 

water vehicles (usually boats) convey mixed milk from many islands to the main island 

and sell it to the adjacent market, collection center, sweet shop, or even other middlemen. 

Milk pasteurization facilities are unavailable, and producers use raw or boiled milk to 

process the milk product, depending on traditional preferences in different locations in 

the country. Consumers buy milk or products, e.g., curd, milk drink, and sweets made 

from blended milk. Buffalo milk products, notably raw milk curd, and blended drinks, 

are more popular in southern Bangladesh. In the milk collection centers, the milk fat 

percentage is determined, and the middlemen are paid depending on the fat % and total 

volume of milk. Since bathan-based farming is generally done in rural places, long 

transport times are needed to reach collecting centers or neighboring markets for selling. 

Thus, milk quality may be compromised by long transportation without any cooling 

facility and can easily be contaminated with bacteria during the handling of the milk. 

According to the authors' knowledge, milk quality, for example, bacterial contamination 

between production and consumption along the buffalo milk chain, has not been studied. 

2.14  Quality of buffalo milk 

Buffalo milk may play an important role in contributing to the human diet, especially in 

low- and middle-income nations. Buffalo milk has a higher nutritional value than cow 

milk in almost all categories. Moreover, milk products, e.g., mozzarella cheese, ghee, 

and other items, are specialties of buffalo milk (Abd El-Salam and El-Shibiny, 2011). 

Many previous research worldwide tried to assess the quality of water buffalo milk in 

terms of nutrient composition or public health safety perspective, as discussed below. 
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2.14.1  Nutritional composition 

Buffalo milk is enriched with high fat, lactose, protein, casein, and ash. The most critical 

part of buffalo milk is milk fat, which can vary between 6 to 9 g per 100 g. Lactose is the 

second most crucial part of buffalo milk, ranging from 3 to 5 g per 100 g. The amount of 

protein reported in buffalo milk ranged from 3 to 5 g per 100 g. Based on these numbers, 

buffalo milk is more enriched than cow milk (Table 2.4) (El-Salam et al., 2011; 

Medhammar et al., 2012). Compared to cow milk, buffalo fat globules are larger but less 

stable. Saturated fatty acid levels in buffalo milk fat are slightly higher than in cows, and 

the distribution of triglycerides and their physical properties are also somewhat different. 

Buffalo milk casein micelles are larger, more mineral-rich, and more susceptible to alkali 

disruption at higher pH values than cows (El-Salam et al., 2011). Due to its high-fat 

content (on average, 8.3 %), buffalo milk could produce fat-enriched dairy products, e.g., 

butter and ghee (Mehta, 2009). The proteins in buffalo milk (β-lactoglobulin and casein) 

were less allergenic than those in cow milk. Cow milk can significantly increase protein-

specific immunoglobulin E sensitization and lymphocyte proliferation index and, 

consequently, cause allergies in consumers, as pointed out by (Kapila et al., 2013). 

Table 2.4 Proximate nutrient composition of milk from different dairy species 

Species Energy kJ 

(kcal) 

Moisture 

(%) 

Total 

protein (g) 

Total fat 

(g) 

Lactose 

(g) 

Ash (g) 

Buffaloa 412 83.2 4.0 7.4 4.4 0.8 

Cowa 263 88.1 3.2 3.3 5.1 0.7 

Goatb - - 3.4 3.8 4.1 0.8 

Sheepb - - 6.2 7.9 4.9 0.9 

Yaka 417 82.6 5.2 6.8 4.8 0.8 

Dromedary camela 234 89.0 3.1 3.2 4.3 0.8 

Bactrian camela 319 84.8 3.9 5.0 4.2 0.9 

Llamaa 326 84.8 4.1 4.2 6.3 0.7 

a Medhammar E, Wijesinha-Bettoni R, Stadlmayr B, Nilsson E, Charrondiere UR, Burlingame B 2012: 

Composition of milk from minor dairy animals and buffalo breeds: a biodiversity perspective. Journal of 

the Science of Food and Agriculture 92 445-474. http://dx.doi.org/10.1002/jsfa.4690. 

b Wendorff W, Haenlein GF 2017: Sheep milk–composition and nutrition: Handbook of milk of non‐

bovine mammals. 

2.14.2 Udder health and hygienic quality of buffalo milk 

Bulk milk somatic cell count (BMSCC) and bacterial counts of milk, for example, total 

bacteria count (TBC), staphylococci count, and Enterobacteriaceae count (TEC), allows 

for the evaluation of udder health status and hygienic quality of buffalo milk (Costa et 
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al., 2020). The following section provides information regarding the various indicators 

of hygienic quality assessment and the presence of zoonotic pathogens in buffalo milk. 

2.14.2.1 Bulk milk somatic cell count 

The SCC is an intriguing and valuable marker of buffalo udder health (Costa et al., 2020). 

Since IMI is the primary factor in determining the SCC, this parameter is an excellent 

surrogate for assessing the prevalence of IMI, regardless of whether CM or SCM is 

present. Values of SCC can also be easily collected either from bulk milk or as a herd 

average of individual cow measurements obtained from dairy herd improvement 

programs (Dufour et al., 2011). The report on BMSCC in Bangladesh is scarce due to 

unawareness of its use and the unavailability of somatic cell counters. In international 

standards in dairy cows, the range of BMSCC below 200,000 cells per mL of milk is 

indicated as a safety margin (Barkema et al., 2013; Norman et al., 2013), where many 

countries in Europe consider the acceptable value of 400,000 cells per mL and in Canada 

the exceeding limit was reported to be 500,000 cells per mL (Sargeant et al., 1998; 

Barkema et al., 2013) in drinkable milk. In other countries like the USA, the standard 

legal limit for SCC in milk is 750,000 cells per mL (Norman et al., 2019), which varies 

between states. Naturally, there is a slight increase of BMSCC at early and late lactation, 

so the average of BMSCC at three lactation stages gives a reasonable value for BMSCC. 

Although it is impossible to use BMSCC estimates to calculate the exact number of 

affected cows in a herd, this approximates the number of affected quarters at the herd 

level (Constable et al., 2016). Quarter milk with an SCC of over 100,000 cells per mL is 

deemed mastitis in Murrah buffalo, recently proposed by the National Dairy Research 

Institute (NDRI) of India (Personal Communication: Prof. Abdul Samad, 2020). There 

are currently no international thresholds for the acceptable level of BMSCC in water 

buffalo. An overview of the SCC threshold of buffalo milk used in different studies is 

displayed in Table 2.5. 
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Table 2.5 Bulk milk somatic cell count threshold used as an indicator of milk 

quality in water buffalo in different countries of the world 

Country Level The 

threshold 

used (cells 

per mL of 

milk) 

Measurement 

method 

Study 

period 

Number 

of 

farms 

Reference 

Italy Farm 175,000 CombiFoss FT+ 36 months 1 
Pasquini et al. 

(2018) 

Philippines Buffalo 200,000 Fossomatic 

Minor 

6 months 1 
Salvador et al. 

(2013) 

China Quarter 200,000 CombiFoss FT+ 

FOSS 

Analytical 

11 months 1 Zhang et al. 

(2022) 

India Quarter 200,000 Nucleocounter - 2 
Preethirani et 

al. (2015) 

Italy Quarter 200,000 Fossomatic 

apparatus 

2 months 14 Catozzi et al. 

(2017) 

Italy Quarter 200,000 Bentley 

Somacount 150 

14 months 2 Moroni et al. 

(2006) 

Nepal Quarter 200,000 Microscopic - 3 
Dhakal (2006) 

Nepal Quarter 200,000 Microscopic 36 months - Dhakal and 

Nagahata 

(2018) 

Egypt Quarter 250,000 PortaSCC® 

Quick Test 

- 1 
Abd Al-Galil 

and Khalil 

(2016) 

India Quarter 300,000 Microscopic 12 months - Srinivasan et 

al. (2013) 

India Quarter 400,000 SomaScope 

Smart 

- - 
Kaur et al. 

(2018) 

Italy Quarter 400,000 MilkoScan 

FT6000 

60 months 121 Costa et al. 

(2020) 

Brazil Quarter 400,000 SomaCount 300 - 4 
Medeiros et 

al. (2011) 

2.14.2.2 Aerobic bacteria count 

Total bacterial count, total staphylococcal count, total Enterobacteriaceae count, and total 

coliform count are a few of the bacteriological criteria that can be used to assess milk 

quality. It is standard practice to employ TBC as markers to evaluate the overall 

cleanliness of the production facility. Regulation (EC) No 853/2004 establishes the limit 

values for TBC as follows: 100,000 CFU per mL for raw cow milk, 1,500,000 CFU per 

mL for raw milk from other species, and 500,000 CFU per mL for raw milk from species 
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other than cows used to manufacture cheese products without heat treatments. A study 

in Brazil reported that the microbiological parameters in buffalo bulk milk, including the 

TBC and thermotolerant coliforms, were 9.0 × 104 CFU per mL and 1.6 × 102 MPN per 

mL, respectively. Another Italian study reported that raw milk environmental 

contaminating microorganisms were between 6.5 and 23.4 × 101 CFU per mL of buffalo 

milk over three years. This study showed that the milk was clean due to adequate hygiene 

when milking and handling raw milk (Pasquini et al., 2018). However, warm 

temperatures in summer may favor rapid bacterial proliferation and can readily raise 

milk's microbe concentration. 

2.14.2.3 Zoonotic bacteria in buffalo milk and milk products 

Pathogenic organisms spread from animal to human through animal-derived food are 

known as food-borne zoonotic pathogens (Tassew et al., 2010; Assefa and Bihon, 2018). 

Some bacteria that cause foodborne illness are particularly relevant regarding disease 

frequency and/or severity. Toxins produced by many bacteria (both Gram-positive and 

Gram-negative) cause food poisoning, with symptoms ranging from gastrointestinal 

ailments to paralysis and death. Gram-negative bacteria have reportedly responsible for 

around 69 % of bacterial food-borne illness cases (Le Loir et al., 2003; Kebede et al., 

2014). Few previous studies attempted to identify zoonotic pathogens from buffalo milk. 

Previous studies identified the presence of Listeria monocytogenes, Pseudomonas spp., 

and Coxiella burnetii in buffalo milk and milk products (Khademi et al., 2019; Lauer 

Cruz and de Souza da Motta, 2019; Terzi Gulel et al., 2020). In Turkey, buffalo bulk 

milk and cheese had 4 % Listeria monocytogenes and 70 - 90 % penicillin, oxacillin, and 

erythromycin resistance (Gulel et al., 2020). A study in Romania identified that all the 

dairy product samples from buffalo milk were contaminated with high coliform, yeast, 

and mold contamination but Salmonella-free (Stetca et al., 2015). A retrospective study 

in Brazilian states identified a high seroprevalence of Brucella spp. (36 %) and 

Mycobacterium tuberculosis (41 %) from buffalo milk during 2012-2019. This indicates 

that transmitting zoonotic pathogens through water buffalo milk may also threaten 

buffalo farm personnel and milk consumers (Schwarz et al., 2021). Consequently, 

various zoonotic pathogens were identified in buffalo milk in different countries. Despite 

many published studies, little is known about zoonotic infections in the buffalo milk 

chain in low- and middle-income countries like Bangladesh. 
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2.15  Risk factors of bulk milk somatic cell count in buffalo milk 

Breed, age, parity, lactation stage, season, food, udder illnesses like mastitis, and genetic 

polymorphism of milk proteins are just some factors that might affect the SCC of buffalo 

milk (El-Salam et al., 2011). A previous study highlighted that BMSCC increased in 

water buffalo milk in winter compared to summer (Pasquini et al., 2018). However, many 

herd-level risk factors in dairy cows are known to be associated with BMSCC. Wearing 

gloves during milking, post-milking teat dipping, milking sick cows at last, yearly 

inspection of the milking equipment, and adopting techniques to keep cows standing after 

milking were all associated with lower BMSCC. A free stall system, sand bedding, 

cleaning the calving area after each calving, monitoring dry-cow udders for mastitis, 

blanket dry-cow therapy, parenteral selenium supplementation, udder health care, and 

regular use of the CMT were related to lower SCC (Dufour et al., 2011). However, 

although they have not been studied, milking technique, housing circumstances, drying-

off strategies, disease prevalence, and breed effects on dairy buffalo farms may be linked 

to BMSCC. To our knowledge, there are no studies on buffalo milk BMSCC in 

Bangladesh. 

2.16  Risk factors of bacterial contamination along the milk chain 

Risk factors of bacterial contamination in water buffalo milk could vary by the type of 

bacteria involved. The TBC in milk indicates overall hygiene standards during milk 

production, and thus it may not be possible to pinpoint individual contamination points 

with the different types of bacteria involved (Chambers, 2002). At inadequate 

refrigeration temperatures, psychotropic bacteria can grow and multiplicate. 

Psychotrophs are commonly found in untreated water, soil, and plants. They enter the 

milk through contamination of milking equipment or the exterior of the udder and teats 

(Murphy, 1997). Udders and equipment that have not been adequately cleaned and 

sterilized may also be the primary sources of thermoduric bacterial contamination in milk 

(Murphy, 1997). Cow manure, bedding, soil, and contaminated water contain coliforms 

from their intestinal tracts and may contaminate raw milk through udder and teat surfaces 

and contaminated milking equipment (Elmoslemany et al., 2009). 
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2.16.1 Contamination from udder infection 

Pathogenic bacteria responsible for mastitis can also spread from cows to humans 

through direct contact during the handling of the animal or through indirect routes like 

milk and meat, through zoonotic bacterial transmission (Enger and Middleton, 2021). 

Disease dynamics in the reservoir host (e.g., cow affected by SCM for a chronic period), 

pathogen exposure through unhygienic bedding, parturition, flushing of keratin lining or 

teat canal injury, and within-human factors that affect susceptibility to infections, for 

example, improper dressing, open wounds, and/or proximity to animals determine the 

probability of zoonotic pathogens spillover (Alexander et al., 2018). The most known 

infectious organisms that have led to spillover and persistent IMI are S. aureus and Strep. 

agalactiae, with occasional Strep. uberis, Mycoplasma spp., and Corynebacterium 

(Schröder et al., 2012; Käppeli et al., 2019). Molecular characterization has indicated 

that MRSA lineages are also dynamically shared between farm animals and humans 

within and between farm facilities through direct contact or the environment (Locatelli 

et al., 2017). 

2.17  Opportunities for buffalo production in Bangladesh 

Buffalo farming in Bangladesh is currently facing several challenges, such as limited 

knowledge of buffalo udder health, insufficient feed sources, lack of primary buffalo 

management education, poor milk production, inadequate milking hygiene, hygienic 

handling of milk from farm to the processing of milk products, lack of monitoring milk 

quality, and insufficient milk marketing opportunities. The milk production of dairy 

buffalo can be increased through a planned breeding program. Using imported buffalo 

bull semen to inseminate semi-intensive farm-raised buffalo can increase the genetic 

potentials of local low-milk-yielding buffalo varieties in Bangladesh. A best-to-best 

progeny improvement program can be achieved by exchanging the elite Bangladeshi 

buffalo bull or artificial insemination. In the intensive and semi-intensive system, buffalo 

farmers have access to feed resources and have high milk production potential. However, 

there is a knowledge gap in buffalo nutrition which can probably be mitigated through 

training the farmers with the scientific knowledge on buffalo nutrition requirements. 

Udder and milkers’ hygiene can be enhanced through hands-on training for buffalo 

farmers. In addition, udder health advice and preventive approaches based on the routine 

diagnosis of SCM and BMSCC testing need to be established and disseminated to 
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veterinarians to provide technical support to the buffalo farmers. The price of buffalo 

milk is regulated based on fat percentages and total milk volume. Buffalo milk quality 

monitoring, for example, routine BMSCC and TBC, can be incorporated into a reward 

and penalty system to promote farms with better hygiene and milk quality. Buffalo 

farmers must be encouraged and regularly trained in scientific buffalo management and 

hygienic milk handling. Finally, a real-time updated buffalo farm and population 

database, along with a milk traceability system, can be implemented to provide a 

complete picture of the buffalo supply chain in Bangladesh. This traceability system can 

monitor milk production and quality improvement across the supply chain. 

2.18  Conclusion 

This review discussed the water buffalo population and milk production to highlight the 

potential of water buffalo as an economically valuable livestock species in Bangladesh. 

Water buffalo SCM prevalence, associated risk factors, IMI-causing bacteria, and 

antimicrobial resistance were delicately reviewed. In addition, the zoonotic pathogens 

found in buffalo milk chains and the associated risk factors were closely reviewed. The 

prevalence of SCM in water buffalo nationally is one of the knowledge gaps. Other 

knowledge gaps include detecting IMI-causing bacteria species and zoonotic pathogens 

along the water buffalo milk chain (Fig. 2.10). The following knowledge gaps were the 

primary focus of this study in light of the possible improvement of the water buffalo milk 

chain in Bangladesh. 

 

Fig. 2.10 Graphical illustration of the research gaps to improve udder health and 

milk quality in water buffalo in Bangladesh  
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CHAPTER 3  

GENERAL MATERIALS AND METHODS 

3.1 Description of the study site 

Bangladesh's coastal and semi-coastal areas have the largest densities of water buffalo 

population due to the availability of fallow pastureland and green forages (Faruque et al., 

1990; Hamid et al., 2016a). From there, water buffalo farms and individual lactating 

water buffalo belonging to nine concentrated buffalo districts were included in the study 

to represent the buffalo population in Bangladesh effectively (Fig. 3.1). The buffalo 

farms included in this study belonged to five different rearing systems: free-range, semi-

free-range, household, semi-intensive, and intensive. Free-range buffalo depend on 

grazing on fallow land in coastal or semi-coastal islands with the supplementation of 

straw or, at times, small amounts of concentrates. In free-range systems, buffalo are 

moved from one island to another based on the availability of green roughage. In the 

semi-free-range system, buffalo are transferred to the inlands during the dry season 

(October to March) due to feed scarcity on the islands and stay there for 3-6 months, 

depending on roughage availability. The household rearing system allows 5-7 hours of 

grazing, combining a supply of a minimal amount of straw, grass, and concentrates. In 

river-basin areas, the semi-intensive system allows buffalo to stay in sheds at night, graze 

in nearby pasturelands, and return daily. In an intensive system, buffalo are tied in sheds, 

stall-fed, and never allowed to graze (Hamid et al., 2016a; Hamid et al., 2016b). 
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Fig. 3.1 Location of nine buffalo-concentrated districts in Bangladesh where 

buffalo farms were enrolled in the present study 

A. shows the district-level buffalo heads in Bangladesh (Data source: LDDP (2019)). B. 

The orange indicates the location of the study's nine districts recruited for sampling 

(Rajshahi, Jamalpur, Mymensingh, Maulvibazar, Dhaka, Lakshmipur, Bhola, Noakhali, 

and Chattogram). 

3.2 Selection of the farms 

Buffalo-concentrated locations were identified based on data given by the researchers 

with the best knowledge about the buffalo population in Bangladesh. Based on their 

information, one buffalo-concentrated sub-district was selected from each district for 

sampling. Given that no sampling frame was available, lists of buffalo farms were 

collected from the buffalo farmers' database of the upazila veterinary hospital (UVH) 

located at each sub-district level or Palli Karma-Sahayak Foundation (PKSF), a non-

governmental organization supporting the buffalo farmers. A total of 200 farms to be 

sampled was estimated according to an expected 50 % prevalence with 5 % absolute 
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precision, assuming an intraclass correlation coefficient of 0.25 for buffalo within farms. 

The listed buffalo farmers were contacted to get information on the number of lactating 

buffalo and the farm location. Additionally, four intensive farms were recruited for 

sampling because of the limited number of intensive buffalo farms in Bangladesh. Two 

of the four intensive farms were government-owned, and two more were private buffalo 

farms. A total of 248 water buffalo farms from free-range (n = 51), semi-free-range (n = 

106), household (n = 33), semi-intensive (n = 54), and intensive (n = 4) buffalo farms 

were recruited for sampling, as presented in Table 3.1. Sampling was performed on 1 to 

5 lactating buffalo on each farm. All the animals were sampled when a farm had ≤ 5 

lactating buffalo, and five were randomly sampled when a farm had ≥ 5 lactating buffalo. 

However, because of non-cooperative animals, only one lactating buffalo could be 

sampled on nine farms (five semi-free-range, three households, and one semi-intensive 

farm). Because of the small number of intensive farms, all the lactating buffalo from 

these four farms were sampled. Milk sampling and possible potential risk factor data 

recording were conducted between February 2020 and April 2021.  

Table 3.1 Distribution of 880 buffalo sampled from 248 buffalo farms over five 

different buffalo-rearing systems in nine buffalo-concentrated districts in 

Bangladesh 

District 
Total buffalo  

population 

Number of 

buffalo 

sampled 

Number of farms from other buffalo-rearing 

systems 

Free-

range 

Semi-

free-

range 

Household 
Semi-

intensive 
Intensive 

Noakhali 50,680 182 9 113 20 40 - 

Jamalpur 11,955 145 17 84 9 35 - 

Chattogram 44,494 135 85 38 12 - - 

Rajshahi 18,550 118 - - 2 116 - 

Moulvibazar 55,363 105 - 103 - 2 - 

Bhola 52,190 100 48 13 30 7 2 

Laxmipur 29,971 52 - - - - 52 

Mymensingh 3,087 28 5 15 4 4 - 

Dhaka 1,621 15 - - - - 15 

Overall 267,911 880 164 366 77 204 69 

3.3 Animals and ethical issues 

The study was approved and performed in line with the guidelines of the SAU research 

system (SAU/Ethical Committee/AUP/21/06) of Sylhet Agricultural University, 

Bangladesh. The buffalo farmers signed a written informed consent before participating 

in this study. 
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3.4 Detection of subclinical mastitis using the California mastitis test and bulk milk 

somatic cell count  

The SCM status of each buffalo quarter was measured and classified on a scale from 1 

to 5 using CMT, as described by Baloch et al. (2016). California mastitis test can 

indirectly assess the presence of SCM where score 1 indicates a negative result (no gel 

formation, no indicative color change), score 2 indicates traceable (possible 

inflammation), score 3 or above indicates a strong positive result where 5 has the most 

gel formation and deep blue/violet color change (Barnum and Newbould, 1961). Then 

CMT was performed on each of the functional quarters of the buffalo before milking was 

started. A quarter was considered positive for SCM when the CMT score was ≥ 2 with 

no visible signs of CM (any changes in milk or swelling, and/or redness, or painfulness 

of the mammary gland). A buffalo was considered SCM-positive when one or more of 

its four functional quarters had SCM. Bulk milk SCC was measured in thoroughly mixed 

morning bulk milk containing milk from all the lactating buffalo at each farm using a 

DeLaval somatic cell counter (DCC) (DeLaval Group, Stockholm, Sweden) (Adkins et 

al., 2017a). Analyses were performed according to the manufacturer's instructions. A 

small amount of milk (around 60 μL) was loaded into the cassette and inserted into the 

DCC. The DCC cassette stained the somatic cells in milk with a DNA-specific 

fluorescent reagent. The results were then displayed immediately on the screen. The DCC 

showed the BMSCC results as cells perµL of milk and were multiplied by 1000 to 

estimate the cells per mL of milk. The measurement was done immediately at the farm 

following the collection of the farm bulk milk samples. 

3.5 Sample collection, preservation, and transportation 

After CMT, one healthy quarter (CMT score 1) milk sample was collected per animal, 

while all SCM positive quarter (CMT score 2 to 5) milk samples were collected 

separately per animal. After milking all the buffalo at each farm, the bulk milk was 

thoroughly mixed for 5 minutes, and samples were collected from the top of the bulk 

tank using a clean, sanitized dipper. 25-30 mL of the farm bulk milk sample was collected 

aseptically in a sterile 50 mL screw-capped falcon tube. Two representative aliquots from 

the same farm bulk milk were collected, of which one aliquot was used to perform the 

BMSCC analysis, and another was preserved aseptically for bacteriological culture. A 

10 mL bulk milk samples were collected aseptically from the middlemen nodes after 1 
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hour from the collection of bulk milk samples on the farms. Another 10 mL of mixed 

bulk milk samples were collected at the milk collection centers one hour after the milk 

delivery by the middlemen. Approximately 30-35 g of milk products (yogurt, cheese, and 

buttermilk) were collected aseptically from each milk product shop in a 50 mL sterile 

screw-cap bottle. Samples taken from the middlemen, milk collection centers, and milk 

product shops were not linked with the source buffalo farm. All collected samples were 

transferred to an ice box immediately. Upon collection of all samples each day, the 

samples were frozen and temporarily stored in a deep freezer (-10 ºC to -15 ºC) available 

close to the field visit area. Samples were transferred within seven days to the Udder 

Health Bangladesh (UHB) bacteriological laboratory of Chattogram Veterinary and 

Animal Sciences University (CVASU) and stored at -20 ºC. Then the samples were 

undertaken for bacteriological culture after 24 hours. 

3.6 Epidemiological data collection 

Two structured questionnaires containing both open- or close-ended questions were 

developed in English for data collection; one provided potential information about water 

buffalo SCM, and the other included possible information about the water buffalo milk 

chain in Bangladesh. This questionnaire on water buffalo SCM comprised two 

subsections; section A included quarter and animal-related information, and section B 

included water buffalo farm-related information (questionnaires can be found in 

subsections 12.1 and 12.2 under chapter 12 Appendices). This milk chain questionnaire 

was divided into four subsections to describe the buffalo milk chain and determine factors 

associated with farm BMSCC and bacteria from the buffalo milk chain nodes. Section A 

captured data at the farm level and included 45 questions. Sections B and C contained 20 

questions and collected information from the middlemen and collection centers. Section 

D included eight questions to gather information on milk products, such as the nature of 

milk, storage time, and the type of containers used (questionnaires found in subsection 

12.3, 12.4, 12.5, and 12.6 under Chapter 12 Appendices). Written informed consent was 

obtained from the buffalo farmers before administering the questionnaire. The 

middleman and milk product shop owners also gave written or oral informed consent. 

The participation of the farmers, middlemen, and milk product shop owners was 

voluntary. Data were collected in face-to-face interviews with the farmers (farm owner 
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or acting manager) and through on-farm observations. All interviews were conducted in 

Bengali, but the questionnaire was recorded in English. 

3.7 Isolation and identification of bacteria 

Milk samples were subjected to bacteriological culture following the NMC 2017 

guidelines (Adkins et al., 2017b), with some modifications noted below (Singha et al., 

2021a). Quarter milk samples were inoculated (10µL) on a 5 % bovine blood agar base 

(BBA). At least three morphologically similar colonies on BBA were defined as positive 

growth. Gram-positive and Gram-negative bacteria were differentiated based on growth 

characteristics, followed by inoculation of selective agar media: Mannitol Salt agar 

(MSA), MacConkey agar (MAC), and Eosin Methylene Blue (EMB) agar. White, 

yellow, or golden colonies on BBA, a positive catalase test, yellow or pink color 

formation on MSA, and a negative coagulase test were considered NAS. Alternatively, 

white, yellow, or golden colonies with hemolysis on BBA, a positive catalase test, strong 

yellow color formation on MSA, and a positive coagulase test were considered S. aureus. 

E. coli was identified based on opaque colonies with fecal odor on BBA, a pink color 

formation on MAC, and a greenish metallic sheen on EMB agar. Isolates were preserved 

at -80 °C using Brain Heart Infusion Broth and 50 % buffered glycerol for future use. All 

the bacterial culture media and reagents were manufactured by Oxoid, Oxoid Ltd, 

Basingstoke, United Kingdom. 

3.7.1 Matrix-Assisted Laser Desorption/Ionization Time of Flight (MALDI-DOF) 

Frozen bacterial isolates were shipped to the Mastitis Laboratory, Department of 

Veterinary and Animal Sciences (DIVAS), Università degli Studi di Milano (UNIMI) 

for confirmation of the bacterial species, using MALDI-TOF MS. For MALDI 

identification, frozen bacterial isolates were inoculated (10 µL) on BBA and incubated 

for 24 hours. One or two colonies were deposited on the target plate using a toothpick 

overlaid with 1 µL of α-cyano-4-hydroxycinnamic acid matrix solution (Bruker 

Daltonics, GmbH, Bremen, Germany) and were dried. The spectra were acquired with a 

microFlex™ mass spectrometer (Bruker Daltonics, GmbH). The results were interpreted 

against the MBT Compass® 4.1 database (Addis et al., 2022). Log scores of ≥ 2.0 were 

the thresholds used for species confirmation of S. aureus, while log scores of ≥ 1.7 were 

used to confirm the species identification of remaining bacteria (Cameron et al., 2017). 
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3.8 Determination of antimicrobial susceptibility using penicillinase test 

A subset of Staphylococci was tested for β-lactamase production using the cloverleaf 

method described by Mee'aad et al. (2018). The strains S. aureus ATCC 29213 and S. 

aureus ATCC 25923 were used for quality control. 

3.9 Quantification of bacteria 

Bulk milk samples from farms, middlemen, milk collection centers, and milk products 

underwent bacteriological quantification following the NMC protocol (Adkins et al., 

2017b). The total bacteria count, Staphylococcal count, and Enterobacteriaceae count 

were performed on a Plate Count Agar (PCA), Baird Parker Agar with egg yolk tellurite 

(BPA), and Violet Red Bile Glucose Agar (VRBG), respectively. All agar used was 

manufactured by Oxoid, Basingstoke, UK. 

3.9.1 Total bacteria count, Staphylococci count, and Enterobacteriaceae count 

To perform bacteria count, 1 mL of the milk samples was mixed with 9 mL of diluent 

(sterile 0.9 % NaCl). Samples were serially diluted 10-fold up to 10-7. To estimate the 

total number of aerobic bacteria in the samples, the pour plate technique was carried out 

following ISO:4833-1 (2013). From each 10-fold dilution prepared, 1 mL of the sample 

was mixed with 15 - 20 mL of molten PCA in a sterile petri dish and incubated 

aerobically at 30 ºC for 72 hours. Staphylococci count was determined using the surface 

plate technique, following Viçosa et al. (2010). 0.1 mL of the serially diluted sample was 

taken from each tube after vertexing and plated on the surface onto a solidified sterile 

BPA plate. The plate was incubated at 37 ºC for 48 hours, and then S. aureus and non-

aureus staphylococci were enumerated. To confirm S. aureus colonies, five colonies 

were randomly chosen and tested for a positive coagulase test. Determination of 

Enterobacteriaceae was performed using the pour plate technique following 5th ed. 

NMKL-144 (Nordic Committee on food analysis) standards. A 1 mL vortexed sample 

was mixed with 10 - 15 mL of VRBG. Then, a second overlay of 5 - 10 mL of VRBG 

was added after solidification. Culture plates were incubated at 37 ºC for 48 hours. A 

further oxidase test was conducted on five randomly selected colonies to differentiate 

Enterobacteriaceae from non-Enterobacteriaceae. Bacteria enumerations were done 

considering the countable dilution containing < 300 colonies. 
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3.10  Genomic DNA extraction and purification 

DNA extraction was performed in the Microbial genetics and bioinformatics laboratory 

under the Department of Microbiology, University of Dhaka, Bangladesh. DNA 

extraction was performed using Maxwell® 16 Cell DNA Purification Kit (Promega, UK) 

with the Maxwell® 16 Instrument platform (Promega, UK). One mL of milk sample was 

centrifuged at 16,000 rcf for 10 minutes (Oikonomou et al., 2014). Then the supernatant 

was discarded, and the remaining pellet was used for DNA extraction according to the 

manufacturer's instructions. The DNA samples were eluted in 100 μL elution buffer 

(Promega, UK) and were stored at -20 ºC until further possessing. DNA concentration 

and purity were analyzed using NanoDrop 2000 Spectrophotometer (Thermo Fisher 

Scientific, Waltham, Massachusetts, USA) at a wavelength of 260nm and A260/A280, 

respectively. DNA samples were appropriate for downstream those yielded DNA 

concentration (≥ 9 ng/ µL) and 260/280 absorbance ratios (≤ 1.6 to ≤ 2). The DNA 

samples were delivered with dry ice to the Molecular Pathology Laboratory, Department 

of Veterinary and Animal Sciences, Università degli Studi di Milano. 

3.11  Real-time PCR 

Real-time (RT) PCR was performed in 15 L reaction volume using the CFX 96 System 

(Bio-Rad Laboratories, USA). Each reaction contained 7.5 µL of 2x Mix EVA Green 

(SsoFast EvaGreen® Supermix, Bio-Rad Laboratories, USA) and primers specific for 

target genes (Table 3.2). The PCR reaction was carried out using the same thermal profile 

for all the targets (2 min at 50 ºC, 3 min at 95 ºC, and 39 cycles of 10s at 95 ºC and 30s 

at 60 ºC). To assess melting curves, PCR products were incubated at 55 ºC for the 60s 

then the temperature was increased to 95 ºC at 0.5 ºC increments for 10s following the 

minimum information for publication of quantitative real-time PCR experiments (MIQE) 

guidelines (Bustin et al., 2009). The PCR efficiencies were determined using four-fold 

serial dilutions of DNA prepared from ATCC strains of the bacteria of interest, such as 

S. aureus ATCC 19048, E. coli ATCC 11229, E. coli O157:H7 ATCC 35150, Listeria 

monocytogenes ATCC 13932, Yersinia enterocollitica DSM 4780, Salmonella enterica 

ATCC 13076, and Campylobacter jejuni ATCC 33291. ATCC and DSM bacterial strains 

were obtained from the American type of culture type collection (MD, USA) and German 

collection of microorganisms and cell cultures (Braunschweig, Germany), respectively. 

No template controls were included in the assays. The results were analyzed using the 
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software Bio-Rad CFX Maestro 1.0 (Bio-Rad Laboratories, USA). The samples with a 

threshold of CT < 35 cycles were considered positive for the presence of the targeted 

genes. 

Table 3.2 Primer sets used for qPCR to identify the presence of the nine target 

genes of seven zoonotic bacteria from the extracted DNA samples 

Primers were selected from previously published studies (Cremonesi et al., 2014; 

Cremonesi et al., 2016) 

Bacteria Gene Sequences (5’-3’) 
Accession 

number 

Amplicon 

size 

Staphylococcus 

aureus 
htrA 

GAAGTAATATCAGACA 

AATCAAATCAGTACC NC_009782 92bp 
TCTTCCGGTAAAGTTAATGGCTTCTG 

Escherichia 

coli 
yccT 

GCAGCGTGGTGGCAAAA 
CP10315 56bp 

CGTGACCACCTTGATTGCAT 

Escherichia 

coli O157:H7 

eae 
GTAACAATGTCAGAGG 

CGAGTTG AE005174 72bp 
CCACCGCTTGCTTTCAGTTTAA 

stx1 GGATTTCGTACAACACTGGATGATC 

M16625 67bp 
 

GATCAACATCTTCAGCA 

GTCATTACA 

stx2 ACCCCACCGGGCAGTT 
X07865 59bp 

 CGCGCCTGATAGACATCAAG 

Listeria 

monocytogenes 
inlA 

TAACAGACACGGTCTCG 

CAAA CP013288 66bp 
TCCCTAATCTATCCGCCTGAAG 

Yersinia 

enterocollitica 
yst 

TGGAGCATTCGGCCAA 

GAA 
X65999 60bp 

ATTGGTGTCGATAATG 

CATCACTGA 

Salmonella 

enterica 
invA 

TGGAAAGGGAAAGCC 

AGCTT 
M90846 68bp 

AATAGCGTCACCTTTG 

ATAAACTTCA 

Campylobacter 

Jejuni 
cadF 

TGAACCAAGAGAAGG 

TGCTTTGT FJ946061 76bp 
AAAACCAAAATGACCTTCCAAAGAAATAGTT 

3.12  Statistical analysis 

Data from the questionnaire-based survey and the bacteriological identification, 

quantification, and RT-PCR analysis were entered in an MS Excel 2016 spreadsheet. The 

data was cleaned, and coding and integrity were checked before statistical analysis.  



 
44 

3.12.1 Descriptive statistics 

Descriptive statistical analysis was carried out to calculate the prevalence of SCM (at the 

quarter and buffalo levels) and the summary of BMSCC (at the farm level). To calculate 

the sampling-corrected prevalence, sampling weights were created based on the total 

buffalo population in an area, the number of buffalo, and the sampled quarters (Dohoo et 

al., 2010b). Bulk milk SCC and bacteria count (TBC, TNAS, TSA, and TEC) data were 

log10 transformed to achieve normal data distributions. Descriptive statistics were 

performed using a boxplot for BMSCC at the farm level and bacteria count (TBC, TNAS, 

TSA, and TEC) at each point of the buffalo milk chains (farm, middleman, milk 

collection center, and milk product). The summary (mean and range) was presented for 

the quantitative variables, such as the number of lactating animals, average milk yield at 

the farm level, and frequency, with percentages presented for the generic data, such as 

problems faced during transportation, storage, and farmers getting the right milk price. 

3.12.2 Logistic regression model 

Generalized linear mixed-effects logistic regression models were constructed to identify 

SCM-associated risk factors. For generalized linear mixed-effects logistic regression 

models, farm and buffalo ID within farms were used as random effects in these models. 

Subject-specific effects were used to calculate the odds ratio, meaning that fixed effects 

in a mixed model represent the effects of that factor within the cluster. The significance 

of the random effect terms was checked with the likelihood ratio test (LRT) using the 

latent variable approach (Dohoo et al., 2010a). Then, fixed variables that were significant 

at P ≤ 0.2 in the univariable logistic regression were selected for the multivariable logistic 

regression. The model was manually constructed using a forward selection procedure, 

applying the maximum likelihood estimation procedure. The statistical significance of 

the contribution of individual predictors was determined using Wald's test. The presence 

of confounders was assessed by adding one of the variables in order of significance (the 

variables with the lowest P-value were added first) and, in each step, determining 

whether the beta coefficient of other variables in the model changed by more than 30 %, 

which was deemed confounding. Simultaneously, we set the collinearity based on 

significant changes (> 30 %) in the standard error. If a variable was found to be non-

significant (P > 0.05), was not a confounder, and no indications of collinearity were seen, 
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the variable was removed from the model in the next step. Finally, significant (P ≤ 0.05) 

variables were presented regarding odds ratio and 95 % C.I. 

3.12.3 Linear regression model 

A t-test or one-way ANOVA was performed for univariable analysis to identify possible 

factors  (P ≤ 0.20) affecting the BMSCC or bacteria contamination. Univariable analysis 

was performed for BMSCC and all four classes of bacteria count, TBC, TNAS, TSA, 

and TEC. Using the fixed variables of P < 0.20 in the univariable analysis, separate 

multivariable regression models were constructed at the farm level to identify the 

significant factors. During the construction of the multivariable regression models, a 

maximum likelihood estimation procedure was applied using a manual stepwise forward 

selection procedure. The presence of any confounding was assessed by removing one 

variable from the model and evaluating whether the coefficients were changed by 30 % 

and whether the confounding was biologically meaningful. The interaction was evaluated 

by constructing two-interaction product terms for any significant main effect, adding 

them to the model, and examining changes in P values of the main effects. The final 

model included variables with a P ≤ 0.05. A variation inflation factor (VIF) and Cook 

Weisberg test were performed for model fit to identify multi-collinearity and 

heteroskedasticity, respectively. 
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CHAPTER 4  

Prevalence, etiology, and risk factors for subclinical mastitis in water buffalo 

(Bubalus bubalis): A systematic review and meta-analysis 

4.1 Abstract 

Subclinical mastitis (SCM) in water buffalo is an important production disease causing 

reduced milk yield and poor milk quality, ultimately leading to economic losses. It may 

also involve public health risks due to the spread of zoonotic infections and antimicrobial 

resistance. Water buffalo are the second most crucial dairy animal species worldwide 

regarding milk yield. Studies have examined SCM's prevalence or risk factors in water 

buffalo, but specific systematic reviews and meta-analyses are lacking. To close this 

research gap, a systematic review and meta-analysis were performed to determine i) 

quarter level pooled prevalence of SCM in water buffalo, ii) the distribution of pathogens 

causing intra-mammary infection (IMI), and iii) associations between herd, animal, and 

quarter-related risk factors and prevalence of SCM. Publications on SCM in water 

buffalo were retrieved from four electronic databases (PubMed, Scopus, Embase, and 

Web of Science). A total of 53 studies were deemed eligible for the study, providing data 

on 8,958 buffalo and 34,125 quarters. The pooled prevalence of SCM was 21 % (95 % 

CI 16 - 26 %) at the quarter level. Staphylococcus (S.) aureus was the most frequently 

reported bacterial species causing IMI (23 %; 95 % CI 14 - 33 %), followed by 

Escherichia coli (13 %; 95 % CI 8 - 19 %). SCM risk factors in water buffalo were 

assessed by aggregating data from publications in the systematic review. This showed 

that soil-based flooring, absence of dry cow therapy, young age, early lactation stage, 

and bottle-shaped teats are associated with increased SCM prevalence. Our analysis 

revealed substantial variation in SCM prevalence between studies and countries, with S. 

aureus causing more IMI in water buffalo than other bacterial species. However, risk 

factors for SCM in water buffalo are mainly unknown, indicating a need for further 

studies to identify effective managemental practices to improve water buffalo udder 

health. 
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4.2 Introduction 

Water buffalo (Bubalus bubalis) is the second most crucial dairy species globally 

regarding milk yield, contributing about 15 % of global milk production (Minervino et 

al., 2020). Around 97 % of the water buffalo population is concentrated in Asia (Hegde, 

2019). Besides their importance as dairy animals, water buffalo provide energy as draft 

and transport animals and are important sources of meat and hides. Due to their ability 

to digest low-quality roughage (Vega et al., 2010; Wang et al., 2020), water buffalo are 

very well adapted to smallholding (Ahmed et al., 2018) and free-range (Islam et al., 2019) 

farming systems with minimum supplementary feed in low-income countries.  

As in dairy cows, subclinical mastitis (SCM) is one of the highly prevalent diseases in 

water buffalo (Elsayed et al., 2015; Ahmed et al., 2018). Subclinical mastitis has 

significant effects on both food security and safety by reducing milk yield, impairing the 

quality and safety of milk and milk products (Piccinini et al., 2006; Costa et al., 2020), 

culling productive animals, and creating a risk of development and spread of 

antimicrobial resistance, mainly in response to the use of antimicrobials (Elahi et al., 

2018; El-Ashker et al., 2020). From an economic perspective, inputs from buffalo milk 

are integral to the rural-based livestock economy in Asian countries with a large buffalo 

population (e.g., India, Pakistan, Nepal, Bangladesh) (Nanda and Nakao, 2003). 

Economic analysis of mastitis has been performed for dairy cows but is lacking for water 

buffalo. An Irish study examining economic losses caused by mastitis in dairy cows 

estimated that total farm costs increased to 215,071 USD at BMSCC > 400,000 cells per 

mL (Geary et al., 2012). However, economic analyses vary between different studies in 

calculating the costs and benefits of mastitis management (Halasa et al., 2007). 

The reported prevalence of SCM in water buffalo varies widely between countries and 

studies, depending on the detection test employed, study design, water buffalo 

characteristics (e.g., age, parity, lactation stage), and management practices (e.g., milking 

system, pre-milking stimulation) (Srinivasan et al., 2013; Hussain et al., 2018; Islam et 

al., 2019). In previous studies, intra-mammary infection (IMI) causing pathogens in 

samples from healthy or SCM-affected quarter milk samples in water buffalo have 

primarily been identified based solely on bacteriological culture or bacteriological 

culture in combination with biochemical or molecular tests using PCR (Preethirani et al., 

2015; Jhambh et al., 2017). The most frequently reported IMI-causing pathogens in water 
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buffalo are Staphylococcus (S.) spp., Streptococcus (Strep.) spp., and various gram-

negative bacteria at genus-level (Joshi et al., 2013; Pizauro et al., 2014; Singh et al., 

2014) and S. aureus, Strep. agalactiae, S. epidermidis, and Escherichia (E.) coli at the 

species level (Chavoshi and Husaini, 2012; El-Razik et al., 2017; Jhambh et al., 2017). 

However, IMI-causing pathogens may also vary substantially within and between 

countries. 

Previous research on SCM in water buffalo has mainly focused on identifying disease-

causing pathogens and associated risk factors in different geographical regions. 

Examples of herd-related risk factors identified to date for water buffalo are bedding 

materials, rearing system, and type of milking system (Sharif and Ahmad, 2007; Sindhu 

et al., 2009). Examples of animal-related risk factors include age, breed, parity, and 

lactation stage (Sharif and Ahmad, 2007; Srinivasan et al., 2013; Hussain et al., 2018), 

while examples of quarter-related risk factors include teat position and teat shape (Sharif 

et al., 2007; Sharma and Sindhu, 2007; Kaur et al., 2018). Combining such 

epidemiological knowledge has been critical in developing strategies to control mastitis 

in, e.g., dairy cows and goats (Bergonier et al., 2003; Ruegg, 2017), but similar 

integration of existing information is still lacking for water buffalo. Knowledge of the 

prevalence of SCM, associated risk factors, and the prevalence of frequently known IMI-

causing pathogens could contribute to a better understanding of the epidemiology of 

SCM in water buffalo. A systematic review and meta-analysis study can be one approach 

to collate existing information, as has been done, e.g., for bovine mastitis (Francoz et al., 

2017; Getaneh and Gebremedhin, 2017; Jamali et al., 2018). Two recently published 

systematic reviews on mastitis (Krishnamoorthy et al., 2021a; Krishnamoorthy et al., 

2021b) describe the overall global prevalence of mastitis and the distribution of essential 

pathogens in dairy cows and water buffalo. However, those reviews did not differentiate 

between SCM and clinical mastitis and present combined estimates for cows and water 

buffalo. Therefore, in the present study, a systematic review and meta-analysis focusing 

specifically on SCM in water buffalo were conducted with the aims of determining: i) 

quarter level pooled prevalence of SCM in water buffalo, ii) the distribution of pathogens 

causing IMI, and iii) the association between herd, animal and quarter-related risk factors 

and prevalence of SCM. 
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4.3 Materials and Methods 

Guidelines on Meta-analyses of Observational Studies in Epidemiology (MOOSE 

guidelines) (Stroup et al., 2000), Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) statements, and the checklists provided in PRISMA 2015 

(Moher et al., 2015) were followed. The quality of the individual publications reviewed 

was evaluated using the quality assessment tool for observational studies provided by the 

National Heart, Lung, and Blood Institute (NHLBI) (https://www.nhlbi.nih.gov/health-

topics/study-quality-assessment-tools). 

4.3.1 Search strategy 

A systematic literature search was performed in four electronic databases (PubMed, 

Scopus, Embase, and Web of Science) to identify publications reporting the prevalence 

of SCM in water buffalo and/or associated risk factors and/or IMI pathogens. The 

Boolean operator ''AND'' was used to combine the terms, while ''OR'' was used to join 

the search keywords within each term. A broad search term was applied to include the 

maximum possible number of relevant publications. Two different types of search terms 

were considered. The keywords ''buffalo'' OR ''bubaline'' were used to identify the 

population, and ''mastitis'' OR MeSH term ''mastitis, bovine'' were used to indicate the 

outcome. No language and time restrictions were applied during the search. The database 

search was performed on August 4, 2021. 

4.3.2 Inclusion and exclusion criteria 

First, two authors independently screened the title and abstract of each hit to identify 

peer-reviewed original research publications to be included in the analysis. All full-text 

publications from the selected abstracts were further reviewed. Studies were included 

based on a list of inclusion and exclusion criteria (Table 4.1). The corresponding author 

was contacted by e-mail to retrieve full-text publications that could not be obtained in 

the databases. Duplicate studies were removed manually from the list. Another author 

with buffalo expertise screened and reviewed the relevant references from the eligible 

full-text publications missing in the initial database search, considering the eligibility 

criteria set, following the procedure described by Jamali et al. (2018).  

https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
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Data extraction spreadsheets (one for ''title and abstract screening'' and another for ''full-

text publications screening'') were developed, pre-tested, and further refined by another 

author. Two authors, in parallel, independently extracted the data from the selected full-

text publications. All the authors resolved disagreements on the extracted data by cross-

checking the full-text publications. 

 

Table 4.1 List of inclusion and exclusion criteria used for identifying eligible 

studies for data synthesis in the meta-analysis 

Inclusion criteria Exclusion criteria 

1. Quarter level prevalence and/or IMI 

pathogen distribution and/or risk factors for 

SCM are reported. a 

1. The full-text publication is not available 

in English. d 

2. When the same population group was used 

in multiple published studies, only one study 

was considered for inclusion. a 

2. Unpublished studies, conference papers, 

experimental trials, reviews, case 

reports, or case series. d 

3. The total number of quarters and numbers of 

SCM-positive quarters are reported. b  

3. Repeated samples tested from the same 

animal are tested. d 

4. The total number of animals and the number 

of SCM-positive animals are reported. b 

4. Pooled samples (bulk milk) are 

analyzed, not individual quarter milk 

samples. d 

5. SCM is detected at the animal or quarter 

level and diagnosed using CMT, MCMT, 

SFMT, WST, or SCC. A buffalo/buffalo 

quarter is defined as healthy when no clinical 

signs are present and are tested negative for 

SCC/CMT/MCMT/SFMT/WST, and SCM-

affected buffalo/buffalo quarter is defined as 

no clinical signs but tested positive by any of 

the following tests. b  

5. Composite milk samples from four-

quarters of an animal are analyzed. d 

6. The number of total quarter samples used for 

bacteriological examination and the number 

of positive samples for any IMI pathogen 

genus and/or species is reported.c  

 

7. Bacteriological culture or PCR is used for 

the identification of the IMI pathogen. c  

 

aRelevant to all study objectives: (i) quarter level pooled prevalence of SCM, (ii) distribution of pathogens 

causing intra-mammary infection (IMI), and (iii) association between management-, animal-, and quarter-

related risk factors. bOnly relevant to objectives (i) and (iii). cOnly relevant to objective (ii). dRelevant to 

all objectives (i-iii). 
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4.3.3 Article coding and data extraction strategy 

Data was extracted on: the first author, year of publication, country of study, SCM 

detection method, number of buffalo and/or quarters examined, number of positive 

quarters of SCM, number of samples used for microbiological examinations, pathogen 

distribution at genus or species level (number of samples tested, number of positive 

samples for each genus or species), and risk factors (number of buffalo or quarters tested, 

number of SCM-positive buffalo or quarters, P value, odds ratio, and 95 % CI). Finally, 

six datasets were prepared from the extracted data, one on quarter level SCM prevalence, 

two on IMI-causing pathogen prevalence (one dataset at genus-level and one at species-

level), and three on risk factors (one dataset for herd-related risk factor data, one for 

animal-related risk factor data, and one for quarter-related risk factor data). 

4.4 Data analysis 

The data were analyzed using R (version 4.1.2; R Foundation for Statistical Computing, 

Vienna, Austria). The proportions were transformed by double-arcsine transformation 

(Freeman and Tukey, 1950) to approximate better the normal distribution to meet the 

meta-analytic model assumption (Jackson and White, 2018) before performing the meta-

analysis. A meta-analytic model was fitted to estimate the weighted average proportion 

by employing the escalc, rma, and predict functions using the R package ‘metaphor’ 

version 2.4-0 (Viechtbauer, 2010). The final pooled proportion and 95 % CI were back-

transformed to the original values for interpretation. Overall, study effects were assessed 

with random effect models using the DerSimonian-Laird estimator (DerSimonian and 

Laird, 1986). The test for heterogeneity (Q), the estimate of between-study variance (τ2), 

and the estimate for the proportion of observed variability reflecting between-study 

heterogeneity (I2) were determined. The pooled prevalence estimates were evaluated by 

country, SCM detection test employed, and year of publication. Publication bias was 

assessed by visual inspection of a funnel plot in which the double-arcsine-transformed 

proportion of SCM cases was plotted on the x-axis, as a measure of effect size, and the 

standard error on the y-axis, as a measure of study size. The funnel plot asymmetry was 

statistically tested by Egger’s regression test. Buffalo population per region (country 

level) was visualized in R using published global water buffalo population data 

(Minervino et al., 2020). 
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4.5 Results 

4.5.1  Study selection 

A total of 797 publications were initially identified, combining 790 publications in the 

initial search with seven added manually (Dhakal, 2006; Elhaig and Selim, 2015; 

Patbandha et al., 2015; Preethirani et al., 2015; El-Razik et al., 2017; Islam et al., 2019; 

Algammal et al., 2020). The title and abstract screening revealed 219 publications 

eligible for review of the full-text publications based on the inclusion and exclusion 

criteria. A total of 124 full-text publications were reviewed, of which 71 were excluded 

based on the exclusion criteria listed in Table 4.1. The excluded full-text publications, 

with reasons, are listed in Supplementary Table 4.1. The various steps in the selection 

process included a large number (n = 744) of publications being excluded with reasons, 

as shown in Supplementary Fig. 4.1. At the end of the selection process, 53 publications 

were deemed eligible for data extraction and meta-analysis (Figure 4.1). Most eligible 

publications (n=50; 94 %) were classified as "fair" and only three publications as ''good'', 

based on the NHLBI quality assessment criteria (Supplementary Table 4.2). 
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Fig. 4.1 Flow diagram of selection of publications for meta-analysis of subclinical 

mastitis in water buffalo 

4.5.2 Study characteristics 

A detailed description of the 53 eligible full-text publications can be found in 

Supplementary Table 4.3. These publications represented a total of 34,125 quarters and 

8,958 buffalo from 10 different countries. Most of the publications (n = 20) were from 

India, followed by 14 publications from Pakistan, seven publications from Egypt, three 

publications each from Bangladesh and Brazil, two publications from Iran, and one 

publication each from Iraq, Italy, Nepal, and the Philippines. The eligible, but also the 
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ineligible, publications were published mainly between 2001 and August 2021, 

indicating that buffalo mastitis-related topics have been more frequently studied in recent 

years (Fig. 4.2).  

 

Fig. 4.2 Numbers of publications included and excluded, plotted against year of 

publication 

The study population was highest in India and lowest in Nepal (Table 4.2). The most 

commonly used test to detect SCM was the California mastitis test (CMT) (n = 21). Data 

were extracted from the 53 eligible full-text publications, and quantitative data synthesis 

was performed. The meta-analysis used 38 publications on quarter level SCM 

prevalence, 20 on quarter level IMI pathogen prevalence by bacterial species, and 15 on 

quarter level IMI pathogen prevalence by bacterial genus. The global buffalo population 

was also visualized on a map (Figure 4.3) using data published in a recent review paper 

on water buffalo (Minervino et al., 2020). 
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Table 4.2 Quarter level prevalence of subclinical mastitis in water buffalo by 

country (n = 9) and detection test (n = 5) based on a meta-analysis of 38 studies 

Variable 

name 

Categories No. of 

studies 

No. of 

animals 

studied 

No. of 

quarters 

examined 

Pooled 

proportion 

95 % CI Random 

effect model 

heterogeneity 

I2 

Country 

India 14 3,368 13,344 0.19 0.12 to 0.27 99% 

Pakistan 11 3,599 14,169 0.22 0.13 to 0.32 99% 

Bangladesh 1 40 160 0.28 0.21 to 0.35 - 

Nepal 1 50 200 0.09 0.05 to 0.13 - 

Philippines 1 200 751 0.07 0.05 to 0.08 - 

Iran 2 151 601 0.21 0.02 to 0.50 98% 

Egypt 5 640 2,506 0.29 0.18 to 0.41 98% 

Brazil 2 450 1,776 0.18 0.02 to 0.45 99% 

Italy 1 460 618 0.47 0.43 to 0.51 - 

Test 

employeda 

CMT 21 4,572 17,875 0.21 0.15 to 0.28 99% 

MCMT 2 655 2,573 0.42 0.40 to 0.44 0% 

SFMT 5 1,122 4,488 0.25 0.09 to 0.47 100% 

WST 1 600 2,400 0.24 0.22 to 0.25 - 

SCC 9 2,009 6,789 0.15 0.08 to 0.24 99% 

Year of 

publication 

2020 2 510 818 0.46 0.43 to 0.50 0% 

2019 2 144 576 0.22 0.11 to 0.34 89% 

2018 2 255 999 0.26 0.02 to 0.63 99% 

2017 1 217 864 0.17 0.15 to 0.20 - 

2016 1 210 840 0.39 0.36 to 0.43 - 

2015 3 529 2,074 0.24 0.08 to 0.45 99% 

2014 3 719 2,855 0.12 0.04 to 0.22 98% 

2013 4 1,526 5,841 0.14 0.05 to 0.25 99% 

2012 3 1,097 4,380 0.19 0.06 to 0.39 99% 

2011 2 651 2,601 0.29 0.18 to 0.40 91% 

2010 2 550 2,198 0.15 0.02 to 0.38 99% 

2009 1 57 228 0.03 0.01 to 0.06 - 

2008 2 312 1,242 0.10 0.08 to 0.11 0% 

2007 5 1,031 4,080 0.30 0.20 to 0.41 98% 

2006 2 110 439 0.07 0.05 to 0.10 13% 

2005 1 300 1,200 0.59 0.56 to 0.62 - 

2003 1 155 611 0.44 0.40 to 0.47 - 

2001 1 585 2,279 0.07 0.06 to 0.08 - 

Overall  38 8,958 34,125 0.21 0.16 to 0.26 99% 
a
CMT=California mastitis test; MCMT=Modified California mastitis test; SFMT= Surf field mastitis test; 

WST=White slide test; SCC=Somatic cell count. 
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Fig. 4.3 Water buffalo population size in different countries world-wide based on 

available published data (Minervino et al., 2020) 

The different color combinations denote the classified range of prevalence (Map 

reproduced using published data with the authors’ permission) 

4.5.3 Prevalence of subclinical mastitis at the quarter level 

The CMT test was the most frequently used diagnostic approach to identify SCM. 

Generally, a test was considered positive if the result was trace or more. Somatic cell 

count (SCC) was used at various thresholds, ranging from 50,000 to 500,000 cells per 

mL. The different thresholds used by the various detection tests are listed in 

Supplementary Table 4.4. The overall pooled prevalence estimate for quarter level SCM 

was 21 % (95 % CI 16-26 %, I2 = 99 %) (Figure 4.4). Country-level prevalence of SCM 

at the quarter level is shown in Table 4.2, although quarter level SCM prevalence differed 

substantially between publications (3 - 59 %). The pooled prevalence also varied 

depending on the test employed for SCM detection. The highest pooled prevalence of 

SCM was 42 % (95 % CI 40 - 44 %) when MCMT was used, based on only two individual 

publications, and the lowest pooled prevalence was 15 % (95 % CI 8 - 24 %) using SCC 

based on data from nine publications (Table 4.2). 
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Fig. 4.4 Quarter level prevalence of subclinical mastitis in water buffalo, based on 

a meta-analysis of 38 studies 

Blue squares (    ) indicate point estimates, the red diamond (     ) indicates the contribution 

of individual study weight in the meta-analysis, blue squares with a long horizontal line 

(       ) indicate a wide 95 % CI, and blue squares with a plus sign (    ) indicate a narrow 

95 % CI of the point estimate. 
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4.5.4 Etiology of intra-mammary infection 

Genus-level pooled prevalence of IMI was based on 15 publications from four countries 

(Bangladesh, Brazil, India, and Pakistan). The most prevalent genus was Staphylococcus 

(39 %; 95 % CI 15 - 65 %, I2 = 99 %), followed by Streptococcus (21 %; 95 % CI 13 - 

31 %, I2 = 98 %), Corynebacterium (7 %; 95 % CI 2 - 17 %, I2 = 97 %), Bacillus (4 %; 

95 % CI 1 - 8 %, I2 = 94 %), and Klebsiella (2 %; 95 % CI 0 - 5 %, I2 = 94 %) (Figure 

4.5). The genus-level prevalence differed substantially between publications for 

Staphylococcus (2-79 %), Streptococcus (2-40 %), Corynebacterium (2-38 %), Bacillus 

(1-29 %), and Klebsiella (1-3 %). The species-level pooled prevalence estimates were 

based on 20 publications from five countries (Bangladesh, Egypt, India, Iran, and 

Pakistan). They showed that S. aureus was the most prevalent species, with a pooled 

prevalence of 23 % (95 % CI 14-33 %, I2 = 97 %), followed by E. coli (13 %; 95 % CI 8 

- 19 %, I2 = 95 %). The species-level prevalence also differed substantially between 

publications for S. aureus (5 - 61 %) and E. coli (2 - 57 %) (Figure 4.6). 
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Fig. 4.5 Genus-level pathogen prevalence of subclinical mastitis in water buffalo 

quarters based on a meta-analysis of 15 studies 

Blue squares (    ) indicate point estimates, the red diamond (     ) indicates the contribution 

of individual study weight in the meta-analysis, blue squares with a long horizontal line 

(       ) indicate a wide 95 % CI, and blue squares with a plus sign (    ) indicate a narrow 

95 % CI of the point estimate. 
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Fig. 4.6 Species-level pathogen prevalence of subclinical mastitis in water buffalo 

quarters based on a meta-analysis of 20 studies.  

Blue squares (    ) indicate point estimates, the red diamond (     ) indicates the contribution 

of individual study weight in the meta-analysis, blue squares with a long horizontal line 

(       ) indicate a wide 95 % CI, and blue squares with a plus sign (    ) indicate a narrow 

95 % CI of the point estimate. 
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4.5.5 Association of herd, animal, and quarter-related risk factors with subclinical mastitis 

Among the 53 publications reviewed, five reported management-related risk factors 

associated with SCM, 10 reported animal-related risk factors, and three reported quarter-

related risk factors. An attempt was made to perform a meta-analysis of the risk factors 

for SCM in water buffalo. However, this was not feasible due to the non-comparability 

of results between individual publications, e.g., significant variations in risk factor 

categories. Instead, a narrative description of the significant risk factors identified in 

publications included in the systematic review is provided below. 

For herd-related risk factors, one study reported that water buffalo kept on soil-based 

floors had a higher prevalence of SCM than those on the sand, which in turn had a higher 

prevalence than animals kept on cement floors (Baloch et al., 2018). Another study 

showed that the absence of dry cow therapy was significantly associated with a higher 

prevalence (P < 0.001) of SCM in water buffalo compared with management with dry 

cow therapy (Medeiros et al., 2011) (Table 4.3). For some herd-related risk factors, 

statistical significance was not reported. For example, some studies reported a higher 

prevalence of SCM in water buffalo from larger herds (> 30) than from smaller herds (< 

30) and in water buffalo on private farms than in those on government-owned farms 

(Hussain et al., 2013; Hussain et al., 2018).  

Table 4.3 Significant associations reported in the dataset between management-

related risk factors and subclinical mastitis in water buffalo 

Country Reference Numbers 

of 

buffalo 

Variable Categories Prevalence P 

Pakistan 
Baloch et al. 

(2018) 

422 Flooring type Cement 19 % 0.05 
   

Sand 26 %  
   

Soil 32 %  

Brazil 
Medeiros et al. 

(2011) 

318 Dry cow therapy Yes 47 % < 0.001 
   

No 71 % 
 

Among the animal-related risk factors identified, young age (< 4 years) in water buffalo 

was more commonly associated with SCM than older age (> 4 years) (Salvador et al., 

2012). Specifically, water buffalo aged 3 years (OR: 4.6; P < 0.01), 1-2 years (OR: 3.2; 

P < 0.06), and 4 years (OR: 2.2; P <0.05) were more commonly associated with SCM 

than water buffalo > 4 years of age (reference group) (Salvador et al., 2012). However, 

another study reported that older water buffalo (≥ 9 years) was associated with higher 
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SCM prevalence (P < 0.05) than younger animals (3 - 5 years) (Baloch et al., 2016). 

Water buffalo in higher parities (≥ 4) were reported to have significantly higher SCM 

prevalence (P < 0.05) than those in lower parities (< 4). The odds of SCM in water buffalo 

in the first month of lactation were 2.1 - 2.5 times higher than for animals at a later 

lactation stage (Salvador et al., 2012) (Table 4.4). Several non-significant animal-related 

risk factors for SCM were also reported, with higher prevalence associated with, e.g., the 

use of high milk-yielding water buffalo breeds such as Murrah, Nilli-Ravi, and Surti 

compared with non-descriptive native breeds (Srinivasan et al., 2013; Islam et al., 2019), 

cup-shaped udder compared with bowl-shaped udder (Hussain et al., 2013), and higher 

daily milk yield (> 3 L/day) compared with lower milk yield (0.5-3 L/day) (Islam et al., 

2019).  

Table 4.4 Significant associations reported in the dataset between animal-related 

risk factors and subclinical mastitis in water buffalo 

Country Reference Numbers 

of buffalo 

Variable Categories Odds 

ratio 

Prev-

alence 

P 

Pakistan 
Baloch et al. 

(2016) 

210 Age 3 to 5 years - 50 % <0.05 

6 to 9 years - 56 %  

>9 years - 56 %  

Philippines 
(Salvador et al., 

2012) 

205 Age 1 to 2 years 3.2 46 % 0.06 

3 years 4.6 59 % 0.01 

4 years 2.2 42 % NS 

> 4 years Ref 30 % - 

Pakistan 
Baloch et al. 

(2018) 

417 Parity 1 to 3 - 23 % 0.02 

4 to 7 - 26 %  

>7 - 40 %  

Philippines 
(Salvador et al., 

2012) 

205 Lactation  

stage 

Early (0 to 15 

days) 

2.5 49 % 0.04 

Mid (16 to 31 

days) 

2.1 52 % 0.09 

Late (> 31 days) Ref 35 % - 

Among the findings on quarter-specific risk factors, it was reported that bottle-shaped 

quarters had a higher prevalence of SCM than cylindrical and conical-shaped quarters (P 

< 0.05) (Kaur et al., 2018) (Table 4.5). Flat-end teats, compared with pointed or round-

end teats, and hind quarters compared with front quarters, were associated with a higher 

prevalence of SCM in some studies, although no statistical significance was reported 

(Hussain et al., 2013; Baloch et al., 2016). 
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Table 4.5 Significant associations reported in the dataset between quarter-related 

risk factors and subclinical mastitis in water buffalo 

Country Citation Numbers 

of 

buffalo 

quarters 

Variable Categories Prevalence P-value 

India 
Kaur et al. (2018) 

284 Teat shape Bottle 17 % < 0.05 
   

Conical 7 %  
   

Cylindrical 10 %  

4.5.6 Publication bias 

Publication bias and small-study effects were assessed by visual inspection of the funnel 

plot (Fig. 4.7). Visual inspection revealed a fairly symmetrical funnel plot, and statistical 

testing to detect publication bias (using Egger’s regression test) was non-significant (P 

= 0.5) for funnel plot asymmetry, suggesting the absence of publication bias due to small 

study effects. 

 

Fig. 4.7 Funnel plot of 38 studies included in the meta-analysis of the quarter level 

prevalence of subclinical mastitis in water buffalo 

The standard error is shown on the x-axis, and the double arsine-transformed proportion 

of SCM is on the y-axis. 
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4.6 Discussion 

This meta-analysis was conducted to estimate the quarter level prevalence of SCM in 

water buffalo, to describe the distribution of pathogens causing IMI in SCM, and to 

summarize animal and quarter level risk factors using currently available global data. It 

should be noted that the data included in the review primarily represented Asian 

countries, with only a few studies from other parts of the world. However, this is 

consistent with the global distribution of the water buffalo population. 

The quarter level pooled estimate of SCM prevalence was highest in Italy, Egypt, and 

Bangladesh. However, there were only one or two reports from some countries, which 

probably did not truly reflect the prevalence at the country level. Thus, this review 

indicated that there is scope for more research on SCM in certain regions with substantial 

buffalo milk production, e.g., Iraq, Italy, Nepal, and the Philippines. The limited number 

of studies included in the review (n = 53) can be explained by the fact that, in regions 

where water buffalo are common, research findings are often published in local journals 

or conference proceedings rather than in peer-reviewed journals. The water buffalo 

population map developed in this study indicated the presence of water buffalo in 77 

countries worldwide. However, scientific evidence on SCM in water buffalo is still 

lacking in many countries. 

There was a significant variation in SCM prevalence between publications. The reported 

prevalence of SCM in water buffalo at the quarter level ranged from 3 % (95 % CI 1 - 6 

%) (Sindhu et al., 2009) to 59 % (95 % CI 56 - 62 %) (Bachaya et al., 2005). The observed 

heterogeneity (I2 > 75 %) confirmed high between-study variation. Observed differences 

between publications reviewed in this study related to sample size, population 

characteristics (e.g., intensive or free-ranging management, use of hand or machine 

milking system), and animal-specific risk factors (e.g., buffalo breed, age, and parity) 

(Malmarugan et al., 2010; Bhanot et al., 2012; Abd-Elrahman, 2013). The variation in 

reported prevalence can also be partly explained by the variety of tests used to detect 

SCM and the different thresholds used to define SCM. This substantially hampered the 

interpretation of the overall prevalence values obtained in the meta-analysis. 

The pooled prevalence of IMI-causing pathogens was estimated based on 

microbiological examination of healthy or SCM-affected individual quarter samples. At 

the genus level, Staphylococcus (39 %) was reported to be the most common, which 
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agrees with findings in studies on IMI in cows and goats (Balemi et al., 2021; 

Krishnamoorthy et al., 2021b). At the species level, S. aureus (23 %) was found to be the 

most prevalent pathogen in water buffalo in studies included in this review, whereas non-

aureus staphylococci (NAS) are reported to be the most common group of bacteria 

causing IMI in cows or goats (Moroni et al., 2005a; Singha et al., 2021b; Van den 

Crommenacker-Konings et al., 2021). However, in the studies included in this review, S. 

epidermidis was the only reported NAS species and cannot truly represent the entire NAS 

group causing IMI in water buffalo. The relatively low proportion of gram-negative 

bacteria detected in SCM could be explained by the faster removal of these species by a 

more rapid immune response than gram-positive ones (Günther et al., 2016). Generally, 

gram-positive species are more frequently associated with chronic infections than gram-

negative species. 

Interestingly, the pathogen distribution varied widely between the six countries 

(Bangladesh, Brazil, Egypt, India, Iran, and Pakistan) for which IMI-causing pathogens 

were reported in the dataset. At the genus level, Staphylococcus was frequently reported 

in India, but reports on Staphylococcus were not found in publications from Egypt, Iran, 

Pakistan, and Bangladesh. At the species level, two publications from Pakistan (Farooq 

et al., 2008; Ali et al., 2011) reported the prevalence of S. aureus. The prevalence of 

Streptococcus spp. was reported in publications from India, Bangladesh, and Brazil. Still, 

reports on the prevalence of this pathogen were not found in publications from Egypt and 

Pakistan.  

No further meta-regression was performed due to fewer prevalence estimates per 

subgroup. Therefore, it was not possible to identify the influence of factors such as "test 

employed", "country", and "breed of the animals" on the prevalence estimates using 

multivariable subgroup analysis. Our review revealed a significant information gap on 

risk factors for SCM in water buffalo globally. This needs to be addressed by conducting 

more research to identify risk factors. 

Water buffalo on soil-based flooring had a higher prevalence of SCM than those on sand 

or cement flooring (Baloch et al., 2018). This makes sense because sand and cement are 

inorganic matter, which might reduce some level of bacterial contamination. Among the 

studies in the dataset on animal-specific risk factors, Salvador et al. (2012) reported 

higher SCM prevalence at an early age, but this was inconsistent with findings by Baloch 

et al. (2018) of higher SCM prevalence at higher parity. One reason for this discrepancy 



 
67 

could be dissimilar co-variables of the risk factors between publications, such as the 

pathogen species responsible for SCM. Among the quarter level risk factors, bottle-

shaped teats were reported to give a higher prevalence of SCM. Generally, however, risk 

factor data were minimal, with only a few publications and, in some cases, only a single 

publication reporting risk factors associated with SCM. Several important risk factors 

identified for SCM prevalence in water buffalo, e.g., herd size, buffalo breed, milk yield, 

udder, and teat parameters, were statistically non-significant, or levels of statistical 

significance were not reported.  

Studies showed a higher prevalence of SCM in water buffalo and large variation in the 

distribution of IMI causing pathogens indicating that there is a need to improve the 

situation and implement effective management practices. However, most studies did not 

report the strength of the association resulted a lack of scientific evidences identifying 

the risk factors of SCM, and further research into the causes behind the associations 

remained unexplored, which could be an area for future research.  

4.7 Conclusions 

This systematic review and meta-analysis revealed that SCM is a significant disease 

affecting the water buffalo population worldwide, indicating a need for wide-scale 

implementation of management practices based on scientific evidence to achieve 

adequate disease control. However, this field has an extensive global knowledge gap, as 

the risk factors for SCM in water buffalo are mainly unknown. Therefore, studies are 

needed to identify risk factors for SCM in water buffalo. 
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CHAPTER 5  

Occurrence and etiology of subclinical mastitis in water buffalo in Bangladesh: A 

Pilot study 

5.1 Abstract 

Subclinical mastitis (SCM) in water buffalo are a production disease associated with 

decreased milk yield and impaired milk quality and safety. Water buffalo is an important 

livestock species in Bangladesh. Still, information about the occurrence and etiology of 

SCM in this species is scarce. A cross-sectional study was conducted as part of the Udder 

Health Bangladesh Programme to i) determine the occurrence of SCM and bulk milk 

somatic cell count (SCC) in water buffalo in Bangladesh, ii) identify pathogens causing 

SCM and iii) evaluate penicillin resistance in isolated staphylococci strains. Sixteen 

buffalo farms in Bangladesh's Bagerhat and Noakhali districts were selected for study, 

and a bulk milk sample was collected from each farm. In addition, 299 udder quarter 

milk samples were collected from 76 animals. The bulk milk samples were assessed by 

direct SCC, and the quarter milk samples by California mastitis test (CMT). The 

occurrence of SCM calculated at the quarter and animal levels were 42.5 % and 81.6 %, 

respectively. Milk samples from 108 CMT-positive quarters in 48 animals and 38 

randomly selected CMT-negative quarters in 24 animals were investigated using 

bacteriological culture. The estimated mean bulk milk SCC was 195,000 cells per mL 

milk (range 47,000-587,000 cells per mL). The estimated quarter level intramammary 

infection (IMI) on culture was 40.4 %. The identity of isolated bacteria was confirmed 

by MALDI-TOF mass spectrometry. Non-aureus staphylococci (NAS) were the most 

common pathogens (24.7 %); among 36 NAS tested, 36.1 % were resistant to penicillin. 

Thus, SCM prevalence was high on the studied farms, with relatively high penicillin 

resistance in NAS. Further studies are needed to identify underlying risk factors and 

develop an udder health control strategy for water buffalo in Bangladesh. 

 

5.2 Introduction 

Water buffalo (Bubalus bubalis) farming in Asian countries has grown exponentially 

over the past half-century, contributing around 13 % of global milk production (Siddiky 

and Faruque, 2018). Water buffalo farming is also becoming popular in Bangladesh due 
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to the increasing demand for buffalo milk and milk products, greater resistance to many 

diseases compared with cows, and lower management efforts and feeding costs (Hamid 

et al., 2016b). A significant impediment to milk production by water buffalo herds is 

mastitis, which affects the quantity, quality, and safety of milk, causes heavy economic 

loss, leads to increased use of antibiotics, and impairs animal welfare (Salvador et al., 

2012). Clinical mastitis (CM) can be diagnosed by visible changes in the milk, udder, 

and systemic condition of animals. Still, subclinical mastitis (SCM) remains undetectable 

in most cases due to a lack of clinical signs (Patel et al., 2019). In water buffalo, SCM is 

around three-fold more common than CM (Ali et al., 2014) and is responsible for 

declining milk production, deteriorating milk quality, and reduced milk processability. 

Subclinical mastitis is also a milk safety concern because of pathogenic microorganisms 

(Sharma et al., 2011). As the clinical signs remain unnoticed, affected animals may act 

as reservoirs that shed microorganisms continuously into the environment and affect their 

herd mates (Ali et al., 2014). Persistent infection also limits the efficacy of antimicrobial 

treatment by creating a fibrous barrier between the organism and the antibiotic (Putz et 

al., 2020). 

Somatic cells, a combination of leucocytes and epithelial cells released during the 

regeneration of udder secretory tissue, provide a second line of defense of the mammary 

gland, so their numbers increase in response to intramammary infection (IMI). These 

cells are present in high amounts in normal milk, but IMI or stress significantly increases 

the number of somatic cells in milk (Dang et al., 2007; Alhussien and Dang, 2018). 

Therefore, milk somatic cell count (SCC) is a reliable parameter for determining milk 

quality (Sahin et al., 2017). However, it has been suggested that a combination of direct 

assessment of SCC and indirect assessment by the California mastitis test (CMT) may 

be the best option to diagnose SCM (Preethirani et al., 2015). As there is no fixed 

standard for SCC in water buffalo bulk milk, the threshold level of 200,000 cells per mL 

for cows (Adkins et al., 2017a) has been used as the cut-off value for SCM.  

Several studies have assessed the prevalence of SCM in buffalo populations worldwide, 

ranging from 36 to 48 % at the quarter level (Ali et al., 2011; Salvador et al., 2013; 

Preethirani et al., 2015). SCM's most reported etiological agents are non-aureus 

staphylococci (NAS), Staphylococcus aureus, Streptococcus spp., and Escherichia coli 

(Dhakal, 2006; Patel et al., 2019). Among the staphylococci, NAS are prevalent bacterial 

species causing IMI (Moroni et al., 2006; Ali et al., 2011; Guha and Guha, 2012; 
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Locatelli et al., 2013) as well as in SCM and mild forms of clinical mastitis (Frey et al., 

2013; Gindonis et al., 2013; Xu et al., 2015). In contrast, S. aureus is considered a 

significant pathogen of buffalo IMI and a concern due to its greater resistance to β-lactam 

antibiotics (Turutoglu et al., 2009).  

A few previous studies have examined the prevalence of SCM in water buffalo in 

Bangladesh (Islam et al., 2016a; Talukder et al., 2016; Biswas et al., 2020). However, 

data on buffalo herd-level SCC and studies investigating the susceptibility to β-lactam 

antibiotics of staphylococci in water buffalo in Bangladesh are scarce. Identifying SCM-

causing pathogens and investigating antimicrobial susceptibility in these pathogens are 

critical prerequisites for implementing effective control of buffalo SCM. In recognition 

of this, the present study was undertaken within this project to i) determine the occurrence 

of SCM and bulk milk SCC in water buffalo in Bangladesh, ii) investigate the pathogens 

causing SCM, and iii) evaluate penicillin resistance in isolated staphylococci strains. 

5.3 Material & Methods 

5.3.1 Study area and population 

Around 40 % of the water buffalo population in Bangladesh is concentrated in coastal 

areas, including the Noakhali, Bagerhat, and Bhola regions (Faruque et al., 1990). 

Because of the ease of communication and time constraints, two areas, Noakhali and 

Bagerhat, were chosen for this investigation. Bagerhat (22.8456°N, 89.5403°E) and 

Noakhali (22.8246°N, 91.1017°E) are located in the southern coastal part of Bangladesh 

and have buffalo populations of 21,570 and 13,168 head, respectively (Census, 2010; 

Huque and Khan, 2017). In Bagerhat, buffalo are reared mainly on household farms, 

where 1 - 3 milking buffalo are tethered inside the residence boundaries with minimum 

roughage and concentrate supplements or in a semi-intensive system with ≥ 7 buffalo in 

enclosed sheds, with or without wallowing facilities in nearby ponds, swamp/marshy 

land, or rivers. In Noakhali, buffalo are mainly reared in a free-range system (bathan), 

with 50-500 buffalo in each bathan. Several closely located bathans combine to form a 

"killa" and several killas on each island in the Noakhali region. There are also scattered 

household farms (Habib et al., 2017).  
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5.3.2 Study design and sampling strategy 

A cross-sectional pilot study was performed during September-October 2019 to estimate 

the prevalence of the SCM status of buffalo in the two selected study districts. A total of 

16 buffalo farms were included. The sampling population was 76 lactating buffalo with 

299 functional udder quarters (five blocked quarters). In selecting participating farms, a 

list of buffalo farmers was obtained from Upazila Veterinary Hospital, and 14 

household/bathan farms (12 in Noakhali, 2 in Bagerhat) with at least one lactating 

buffalo were selected, based on accessibility and farmer willingness. Two semi-intensive 

buffalo farms were also selected, one in the Bagerhat region and one in Noakhali 

(Supplementary Fig. 5.1). A convenient sampling technique (1 - 3 lactating buffalo from 

each bathan/ household and all lactating buffalo from the semi-intensive farms) was 

applied, due to time limitations and inadequate data on the location of the buffalo farms. 

5.3.3 Data collection and processing 

A structured questionnaire in English was used to collect data on-farm location (Noakhali 

/ Bagerhat region), education level of the farmer (no formal education /primary 

/secondary /veterinarian), herd size (total number of buffalo), rearing system (household 

/bathan /semi-intensive), and number of lactating buffalo on each farm. Participation was 

voluntary, and participants were informed that withdrawal was possible anytime. Written 

informed consent was obtained from each participant before applying the questionnaire. 

Data collection was performed in face-to-face interviews with the farmers (farm owner 

or acting manager) and through on-farm observations following a checklist. Data were 

collected by administering the questionnaire and made observations on-farm. All 

interviews were conducted in Bengali, but the questionnaire was completed in English. 

The completed observation checklists were re-checked for potential inconsistencies at 

the end of each day. 

5.3.4 Analysis and case definition of subclinical mastitis 

The SCM status of each buffalo quarter was determined and categorized on a scale from 

1 to 5 using the CMT, following the process described by Baloch et al. (2016). A buffalo 

was considered positive for SCM if at least one of its four quarters had CMT ≥ 2. 
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5.3.5 Sample collection and preservation 

Samples (each 3 - 5 mL) of quarter milk for bacteriological culture were collected 

aseptically using 70 % ethyl alcohol, following the NMC protocol (Adkins et al., 2017c), 

from quarters with CMT score ≥ 2. CMT-negative samples were also randomly collected 

from 24 lactating buffalo. The collected samples were immediately transferred to an 

insulated icebox and transferred to a freezer (-10 °C to -15 °C) within two hours. The 

frozen milk samples were transported to the Udder Health Bangladesh laboratory at 

Chattogram Veterinary and Animal Sciences University within seven days of field visits. 

The milk samples were stored at -20 ºC at the laboratory, and bacteriological culture was 

performed within 24 hours. 

5.3.6 Bulk milk somatic cell count 

After aseptically collecting the composite morning milk sample on each farm, an on-

farm bulk milk SCC was performed using a DeLaval cell counter (DeLaval Group, 

Stockholm, Sweden (Adkins et al., 2017a). This automated device determines SCC 

optically on a cassette loaded with 60 μL of milk stained with a DNA-specific fluorescent 

reagent. A digital camera takes pictures of the cell nuclei one-by-one and immediately 

displays the SCC results, expressed per μL milk. 

5.3.7 Bacterial isolation and identification 

A total of 146 quarter milk samples, comprising all CMT-positive samples (n = 108) and 

all randomly selected negative samples (n = 38) from 72 lactating buffalo (no negative 

samples were taken from the other four buffalo), were cultured in 5 % bovine blood agar 

following the NMC protocol (Adkins et al., 2017b). After 24 hours of incubation at 37 

°C, at least two morphologically similar bacterial colonies were re-cultured on bovine 

blood agar. The pure cultures were enriched in brain heart infusion broth and incubated 

at 37 ºC, after which 300 µL 50 % buffered glycerol was added, and the samples were 

stored at -80 ºC until further use. The pure cultures were also cultured on selective 

mannitol salt agar to identify S. aureus and NAS. Bacterial colonies were identified by 

colony morphology, color, and hemolytic pattern. All culture media and reagents were 

manufactured by Oxoid®, Oxoid Ltd, Basingstoke, United Kingdom. 
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5.3.8 Species confirmation 

The isolates from pure cultures were transported to the National Veterinary Institute, 

Uppsala, Sweden, in Copan Transsystem® (Capon, Brescia, Italy) transport media tubes, 

for species confirmation using a MALDI-TOF Biotyper 3.0 (Bruker Daltonics GmbH, 

Bremen, Germany) for validation (score > 1.8) of phenotypic identification accuracy. 

5.3.9 Penicillinase test of Staphylococcus spp. 

All staphylococci were tested for β-lactamase production using the cloverleaf method 

described by Mee'aad et al. (2018). The strains S. aureus ATCC 29213 and S. aureus 

ATCC 25923 were used for quality control. 

5.3.9.1 Statistical analysis 

Collected data were imported into Microsoft Excel 2019 (MicrosoftCorp., Redmond, 

Washington, USA). The data were cleaned, sorted, coded, and checked for inconsistency 

before export into STATA-IC-17 (StataCorp, 4905, Lakeway Drive, College Station, 

Texas 77845, USA) for descriptive statistical analysis. Results are presented as frequency 

and percentage, with 95 % confidence intervals (CI). Demographic characteristics of 

farmers (location, education, farming system) are presented as frequencies and 

percentages. 

5.4 Results 

5.4.1 Descriptive statistics on farms and farmers 

Three of the 16 buffalo farms studied were in the Bagerhat region and 13 in the Noakhali 

region. Farm type was mainly household farms (n = 11), followed by bathan (n = 3) and 

semi-intensive farms (n = 2). Among the farmers, seven had primary-level education, 

four had no formal education, four had achieved secondary-level education, and a 

registered veterinarian managed one farm. Twelve farms had 1 - 5 lactating buffalo, two 

had 6 - 10 lactating buffalo, and the remaining two had ≥ 7 lactating buffalo. The numbers 

of animals sampled on each farm are listed in Supplementary Table 5.1. 



 
75 

5.4.2 Occurrence of subclinical mastitis and intramammary infection 

Estimated SCM occurrence in the buffalo at animal and quarter levels was 81.6 % and 

42.5 %, respectively. At the quarter level, the estimated occurrence of IMI was 40.4 %, 

and the combined occurrence of SCM (CMT ≥ 2) and IMI was 43.5 % (Table 5.1). 

Among the SCM-affected quarters (CMT score 2-5), a CMT score of 2 was the most 

frequent (Table 5.2). 

Table 5.1 Status of subclinical mastitis at animal and quarter level, based on 299 

active udder quarters and 76 lactating water buffalo, on 16 buffalo farms in the 

Bagerhat and Noakhali regions of Bangladesh 

1SCM: Subclinical mastitis. 2CMT: California mastitis test (score range 1 to 5). 3IMI: Intramammary 

infection. CI: Confidence interval 

Table 5.2 Status of subclinical mastitis according to the California mastitis test at 

quarter level, based on 299 active water buffalo udder quarters and cultures of 

146 quarter milk samples from 16 buffalo farms in the Bagerhat and Noakhali 

regions of Bangladesh 

CMT 

Score1 

Quarter IMI2 

% 

(Numbers) 

95 % CI % (Numbers) 95 % CI 

CMT-1 57.5 (172) 51.7 to 63.2 31.6 (38) 17.5 to 48.7 

CMT-2 32.4 (97) 27.2 to 38.1 40.0 (80) 29.2 to 51.6 

CMT-3 7.7 (23) 4.9 to 11.3 45.5 (22) 24.4 to 67.8 

CMT-4 2.0 (6) 0.7 to 4.3 80.0 (4) 28.4 to 99.5 

CMT-5 0.3 (1) 0.008 to 1.8 100.0 (1) 2.5 to 100 

1CMT: California mastitis test (score range 1 to 5). 2IMI: Intramammary infection. CI:  

5.4.3 Bulk milk somatic cell count 

The mean bulk milk SCC on the 16 farms was 195,000 cells per mL milk (range 47,000-

587,000 cells per mL). In quartile terms, the lowest 25 %, 50 %, and 75 % of farms had 

a bulk milk SCC value of 129,000, 184,000, and 233,000 cells per mL milk, respectively. 

Levels SCM1  

(CMT ≥2)2 

IMI3 

(Culture positive) 

CMT score 1 

(Healthy quarters) 

+IMI 

CMT score ≥2 

(SCM quarters) 

+ IMI 

% (N) 95 % CI % (N) 95 % 

CI 

% (N) 95 % 

CI 

% (N) 95 % 

CI 

Animal 81.6 (76) 71.0 to 89.5 - - - - - - 

Quarter  42.5 (299) 36.8 to 48.3 40.4 

(146) 

32.4 to 

48.8 

31.6 

(38) 

17.5 to 

48.7 

43.5 

(108) 

34.0 to 

53.4 
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The individual bulk milk SCC count for each of the 16 farms is shown in Supplementary 

Figure 5.2. 

5.4.4 Pathogen distribution and penicillinase production by Staphylococcus spp. 

Among the 146 quarter milk samples, 79 (54.1 %) bacterial isolates, of which 60 isolates 

were confirmed using the MALDI-TOF MS. Ten isolates yielded no bacterial growth on 

re-culture after shipment, and nine isolates were non-identifiable on a MALDI-TOF 

spectral scale of > 1.8. The dominant bacteria were NAS, specifically S. hyicus (Table 

5.3). All 36 NAS isolates were subjected to a penicillinase test, in which 13 (36.1 %) 

tested positive for β-lactamase production (Table 5.3). 

Table 5.3 Pathogen distribution and penicillin resistance identified in quarter milk 

samples collected from water buffalo in the Bagerhat and Noakhali regions of 

Bangladesh (confirmed by MALDI-TOF mass spectrometry) 

Trait % (No.) 95 % CI Penicillin-

sensitive 

NAS 

Penicillin-

resistant 

NAS 

Non-aureus staphylococci 24.7 (36) 17.9 to 32.5   

Staphylococcus hyicus (8)  8 0 

Staphylococcus hominis (6)  5 1 

Staphylococcus 

chromogenes 

(4)  4 0 

Staphylococcus 

epidermidis 

(4)  0 4 

Staphylococcus sciuri (3)  3 0 

Staphylococcus arlettae (3)  0 3 

Staphylococcus kloosii (3)  0 3 

Staphylococcus warneri (1)  1 0 

Staphylococcus 

hemolyticus 

(2)  2 0 

Staphylococcus capitis (2)  0 2 

Total NAS   (36)  23 13 

Streptococcus spp. 0.7 (1) 0.02 to 3.8   

Micrococcus spp. 5.5 (8) 2.4 to 10.5   

Bacillus spp. 2.7 (4) 0.8 to 6.9   

Corynebacterium spp. 2.1 (3) 0.4 to 5.9   

Others  

(Rothiaspp., Deinococcus spp.) 

2.1 (3) 0.4 to 5.9   

Arcanobacteriumspp. 1.4 (2) 0.2 to 4.9   

Moraxella spp. 1.4 (2) 0.2 to 4.9   

Klebsiella spp. 0.7 (1) 0.02 to 3.8   

Non-specific pathogens 6.2 (9) 2.9 to 11.4   

No growth in sub-culture 6.8 (10) 3.3 to 12.2   
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NAS: Non-aureus Staphylococci. 108 subclinical mastitis-positive quarters and 38 negative quarter 

samples were tested. The frequency of 36 NAS species was below the overall NAS estimates in the 

Table. 

5.5 Discussion 

The SCM status in two of Bangladesh’s main buffalo farming regions was successfully 

estimated at animal- and quarter level, and pathogen distribution and penicillin resistance 

by NAS were determined. SCM's quarter- and animal level occurrence was relatively 

high, consistent with previous reports from neighboring countries and worldwide 

(Sharma and Sindhu, 2007; Preethirani et al., 2015; Ahmed et al., 2018). The quarter 

level occurrence of 42.5% in the present study was in line with the 44 - 46 % reported 

for other sub-tropical countries such as India and Egypt, where water buffalo production 

systems resemble those in Bangladesh. Further studies in India have reported higher 

occurrence (59 - 78 %) (Bhanot et al., 2012; Charaya et al., 2015), while lower prevalence 

(28 %) has been reported in a small-scale study in Bangladesh (Islam et al., 2019). 

Compared with the quarter level prevalence, the animal level SCM prevalence was much 

higher in this study (81.6 %), which aligns with previously reported values ranging from 

70 to 78 % (Bachaya et al., 2005; Sentitula et al., 2012). These differences in estimated 

SCM could be due to differences between study sites, study years, and geographical 

areas. The criteria applied for SCM detection, climate variations, and underlying animal- 

or quarter level risk factors (Hussain et al., 2018). Investigating such differences was 

beyond the scope of this study, but further studies are needed to assess and quantify the 

farm- and animal level factors that might influence SCM occurrence. Such knowledge 

could be valuable in controlling mastitis in water buffalo. 

The mean bulk milk SCC estimated in the present study was 195,000 cells per mL. This 

is in line with Mujeeb et al. (2009) and within the acceptable threshold of 200,000 - 

500,000 cells per mL of buffalo milk established in India (Panchal et al., 2016; Jhambh 

et al., 2017). However, it exceeds the cut-off value of 100,000 cells per mL milk recently 

proposed for Murrah buffalo by NDRI-India and barely meets the cut-off of 200,000 cells 

per mL milk suggested for neighboring countries such as Nepal and India (Dhakal, 2006; 

Alhussien and Dang, 2018). The median level of bulk milk SCC was 184,000 cells per 

mL milk, representing slightly better status. Increased SCC is positively correlated with 

IMI in water buffalo (Moroni et al., 2006) but the increase in SCC level recorded here 

was still much lower than that in cows and goats (Moroni et al., 2005b). However, there 
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was large variation in SCC level between the individual farms, an issue which was not 

explored further in this study. The level of SCC increases with the entry of IMI-

associated pathogens into the udder through the teat canal and with stress conditions due 

to seasonal, diurnal variations in climate conditions and parity of the lactating buffalo 

(Alhussien and Dang, 2018; Bombade et al., 2018). To date, relevant data on SCM in 

water buffalo in Bangladesh have been insufficient. The present study, therefore, makes 

a timely contribution, especially considering the increasing consumer demand for buffalo 

milk. 

The occurrence of IMI in buffalo was shown to be high in this study (40.4 %). Relative 

IMI occurrence in healthy and SCM-affected buffalo quarters was similar (40 % and 44 

%, respectively). In water buffalo in India, IMI occurrence in SCM quarters of 38 - 45 % 

has been reported (Singh et al., 2014; Jhambh et al., 2017), consistent with our findings. 

The most common pathogens in this study were NAS, which is also consistent with 

findings in other studies on water buffalo (Bansal et al., 2007; Sharma et al., 2007; 

Kumar, 2009; Singh et al., 2014). Staphylococcus hyicus was the most dominant species 

among the NAS and has been identified previously in IMI in water buffalo in India and 

Brazil. Non-aureus staphylococci, commonly found in the teat canal, are an important 

group of SCM pathogens and often resistant to one or more antimicrobials (Condas et 

al., 2017; Stevens et al., 2018; Traversari et al., 2019). In the present study, 36 % of NAS 

exhibited penicillin resistance, which is in line with results reported in other studies in 

India and Brazil (Pizauro et al., 2014; Singh et al., 2014). This level of resistance is high 

in terms of public health safety. It needs to be confirmed in future studies, which should 

also explore the underlying cause of the dissemination of antibiotic resistance in buffalo 

herds in Bangladesh. 

The discrepancies between the low bulk milk SCC in the buffalo herds studied (195,000 

cells per mL milk) and the higher IMI at the quarter level were not further assessed in 

the present study. However, several previous studies have found a relatively low SCC 

level and increased CM incidence in dairy cows (Lam et al., 1997; Peeler et al., 2000; 

Suriyasathaporn et al., 2000). Environmental conditions and changes in management 

practices, e.g., such as discontinuation of teat dipping, cleaning of the calving areas, and 

keeping animals in standing conditions after milking, could result in differences in 

pathogen exposure, e.g., environmental pathogens. The type of pathogens involved in an 

IMI may be an important factor associated with the CM (Lam et al., 1997; Peeler et al., 
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2000). It is known that the presence of contagious S. aureus or Streptococcus agalactiae 

plays a significant role in increases in SCC levels above 500,000 cells per mL milk 

(Moroni et al., 2018), so the absence of these pathogens in the present study could partly 

explain the lower SCC level. 

Moreover, the increase in SCC in IMI-associated quarters in buffalo may be lower than 

in dairy cows due to limited phagocytic activity. According to Sahoo et al. (1998), there 

is a core difference in lysosome-containing hydrolases between cattle and buffalo, with 

lower concentrations of these enzymes in buffalo, resulting in lower phagocytic activity 

than in other ruminant species. The requirements of convenient sampling and small 

sample size-imposed limitations in this pilot-scale study. However, the data obtained 

reflect the regional SCM situation in water buffalo in Bangladesh and can act as the basis 

for further national-level research. 

5.6 Conclusions 

There was a high occurrence of SCM in water buffalo at the quarter and animal levels 

(42.5 % and 81.6 %, respectively) on buffalo farms in Bangladesh's Noakhali and 

Bagerhat regions. A moderate rate of SCC was detected in buffalo bulk milk on these 

farms (7 out of 16 farms exceeded the SCC threshold), which is reasonably good for pre-

harvesting buffalo milk in Bangladesh. These findings suggest that appropriate treatment 

and strategies are needed to control mastitis in water buffalo in Bangladesh. NAS was 

the most frequently identified pathogen. The NAS strains detected often tested positive 

for penicillinase production, emphasizing the importance of restricting the use of 

antibiotics to maintain public health when consuming buffalo milk. A systematic 

assessment of these pathogens' direct and indirect transmission pathways between water 

buffalo are urgently needed. 
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CHAPTER 6  

The prevalence and risk factors of subclinical mastitis in water buffalo (Bubalis 

bubalis) in Bangladesh 

6.1 ABSTRACT 

Subclinical mastitis (SCM) in water buffalo are responsible for reduced milk yield and 

quality. This cross-sectional study was carried out to a) estimate the prevalence of SCM, 

b) identify risk factors associated with SCM, and c) identify farm level risk factors 

associated with bulk milk somatic cell count (BMSCC). The buffalo farms in this study 

represented five rearing systems: free-range, semi-free-range, household, semi-intensive, 

and intensive, providing 3,491 functional quarters of 880 lactating buffalo on 248 farms. 

The California mastitis test score was used to identify SCM. Bulk milk samples (n = 242) 

were used for farm level BMSCC. Quarter and buffalo-level risk factors for SCM were 

measured using questionnaires and observations. The overall SCM prevalence was high 

at 27.9 % at the quarter level (25th and 75th percentiles: 8.3 % and 41.7 %) and 51.5 % at 

the buffalo level (25th and 75th percentiles: 33.3 % and 66.7 %). The geometric mean 

BMSCC was 217,000 cells per mL of milk (ranging from 36,000 - 1,213,000 cells per 

mL), which is low on average, but some farms could improve substantially. The buffalo-

rearing system, udder location (left versus right), teat shape, udder asymmetry, number 

of milkers, and having a quarantine facility were associated with buffalo udder health. 

Our findings suggest that mainly using free-range rearing systems may help decrease the 

prevalence of SCM primarily by employing buffalo breeding and better farm biosecurity, 

and udder health control strategies can be designed based on our findings. 

6.2 Introduction 

Subclinical mastitis (SCM) is the inflammation of mammary tissue in the absence of 

clinical signs. This disease reduces the milk yield in dairy animals, impairs animal 

welfare, and is associated with milk quality deterioration, making milk less suitable for 

consumption and processing (Costa et al., 2020). A study by Malik and Verma (2017) 

reported that the average annual economic loss per buffalo due to mastitis was 70 USD, 

with mastitis intervention accounting for 55 % of the loss and a drop in milk production 

accounting for 16 %. Water buffalo (Bubalus bubalis) is the second most crucial dairy 

animal in Asia, and about 74 % of the global buffalo population lives in South Asian 
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countries (i.e., Bangladesh, Bhutan, India, Pakistan, Nepal, and Sri Lanka) (Minervino 

et al., 2020).  

Diagnosis of SCM is of great importance since this disease remains otherwise unnoticed 

due to the absence of visible changes in the milk or udder and because SCM contributes 

to the transmission of intra-mammary infection (IMI) (Kirkeby et al., 2019). Currently, 

multiple screening tests, such as somatic cell count (SCC) or the California mastitis test 

(CMT) (Hussain et al., 2018; Aldujaily et al., 2019), are used to detect SCM in water 

buffalo. Bulk milk somatic cell count (BMSCC) is another helpful indicator representing 

the udder health status on the farm (Pasquini et al., 2018; Costa et al., 2020). The 

prevalence of buffalo SCM has been studied in many countries, such as India, Pakistan, 

and Bangladesh, demonstrating a quarter level prevalence of 10-46 % using CMT 

(Muhammad et al., 2010; Preethirani et al., 2015; Islam et al., 2019). However, the 

prevalence is widely variable between the studies and regions. 

Water buffalo can be classified into two subspecies: river-type buffalo, which are 

concentrated in India, Pakistan, Egypt, and Italy, and swamp-type buffalo, which are 

concentrated in China, Myanmar, and Thailand (Minervino et al., 2020; Zhang et al., 

2020). Within these two buffalo subspecies, the river type is widely distributed in 

Bangladesh, except for some swamp-type buffalo found only in the eastern part of the 

country (Samad, 2020). About 70 % of the river-type buffalo in Bangladesh are 

indigenous and non-descriptive, meaning they do not belong to any specific breed, such 

as Murrah or Nilli-Ravi. A few crossbreeds of indigenous buffalo with Murrah, Nili-

Ravi, Surti, or Jaffrabadi can be found on the surrounding Indian border due to migration 

from India to Bangladesh. These crossbreeds generally produce 5-10 L of milk, about 

two times more than the indigenous buffalo (Ali et al., 2014; Samad, 2020). High-yield 

crossbred buffalo generally have an increased risk of SCM (Islam et al., 2019). Buffalo 

are mainly reared either in a free-range or an intensive system. 

Moreover, depending on buffalo-rearing systems in sub-tropical countries, there is 

limited pasture availability with no or minimal supplementation of concentrates (Tiwari 

et al., 2007; Habib et al., 2017; Rahman et al., 2019a). Nutritional status is important 

because specific macro and micronutrients regulate metabolism and immunological 

function in animals, and it is known that abnormalities in metabolism or immunity can 

cause health disorders in dairy cows (Sordillo, 2016). For example, insufficient nutrition 

in dairy cows has been reported to be associated with a negative energy balance and 
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oxidative stress, predisposing several disease conditions, such as ketosis and mastitis 

(Esposito et al., 2014; Krishna et al., 2014; Pérez-Báez et al., 2019). Under these 

circumstances, it is crucial to identify farm, animal, and quarter-related factors that 

further increase the risk of SCM in water buffalo to improve udder health. 

Knowledge of the prevalence and associated risk factors might help identify control 

strategies for buffalo mastitis. To meet this need, we conducted a nationwide cross-

sectional study on water buffalo with the objectives of a) estimating the prevalence of 

SCM at both an animal and quarter level, b) identifying the risk factors associated with 

SCM prevalence, and c) identifying the farm level risk factors associated with BMSCC. 

6.3 Materials and methods 

6.3.1 Study area 

Bangladesh is divided into 64 districts and 495 subdistricts named "Upazila". The coastal 

and semi-coastal districts in Bangladesh, which are surrounded by the Meghna-Ganga 

and the Jamuna-Brahmaputra River floodplains, are the critical areas of buffalo 

concentration, where 40 % of the buffalo population in Bangladesh are kept because of 

the availability of fallow pasture land and green forages (Faruque et al., 1990; Hamid et 

al., 2016a). Water buffalo farms and individual lactating water buffalo belonging to nine 

districts were included in the study to effectively represent the buffalo population in 

Bangladesh (Fig. 6.1).  
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Fig. 6.1 Location of nine buffalo concentrated districts in Bangladesh where 

buffalo farms were enrolled in the present study.  

A. shows the district-level buffalo heads in Bangladesh (Data source: LDDP (2019)). B. 

The orange indicates the location of the study's nine districts recruited for sampling 

(Rajshahi, Jamalpur, Mymensingh, Maulvibazar, Dhaka, Lakshmipur, Bhola, Noakhali, 

and Chattogram). 

6.3.2 Production systems 

The buffalo farms in this study belonged to five rearing systems: free-range, semi-free-

range, household, semi-intensive, and intensive. Free-range buffalo depend on grazing 

on fallow land in coastal or semi-coastal islands with the supplementation of straw or, at 

times, small amounts of concentrates. In free-range systems, buffalo are moved from one 

island to another based on the availability of green forages. In the semi-free-range 

system, buffalo are transferred to the inlands during the dry season (October to March) 

due to feed scarcity on the islands and stay there for 3-6 months, depending on roughage 
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availability. The household rearing system allows 5-7 hours of grazing, combining a 

supply of a minimal amount of straw, grass, and concentrates. In river-basin areas, the 

semi-intensive system allows buffalo to stay in sheds at night, graze in nearby 

pasturelands, and return daily. In an intensive system, buffalo are tied in sheds, stall-fed, 

and are never allowed to graze. 

6.3.3 Sampling design and study period 

Presently, the upazila veterinary hospitals (UVH), a part of the government livestock 

services, and a non-governmental organization (NGO) named "Palli Karma-Sahayak 

Foundation" (PKSF) collected buffalo population data at the sub-district level in 

Bangladesh. Data on the number of farms was collected through a census by the UVH 

every year. About 1.5 million buffalo heads were reported in Bangladesh during 2019-

2020 (DLS, 2021). However, this is likely an underestimation of the actual number of 

buffalo since this census depends on farmers' active reporting of farm data. Since no 

sampling frame was available, lists of buffalo farms were collected from the buffalo 

farmers’ database of UVH, or PKSF involved with buffalo farmers' support and 

researchers who had the best knowledge about the buffalo population. Based on their 

information, one buffalo-concentrated sub-district was selected from each district for 

sampling. A total of 200 farms to be sampled was estimated according to an expected 50 

% prevalence with 5 % absolute precision, assuming an intraclass correlation coefficient 

of 0.25 for buffalo within farms. A list of buffalo farms was created with the help of 

UVH and PKSF. The listed buffalo farmers were contacted to request information on the 

number of lactating buffalo and the farm location. Additionally, four known intensive 

farms were recruited for sampling because of the limited number of intensive buffalo 

farms in Bangladesh. Two of the four intensive farms were government-owned, and two 

more were private buffalo farms. Finally, a total of 248 water buffalo farms from free-

range (n = 51), semi-free-range (n = 106), household (n = 33), semi-intensive (n = 54), 

and intensive (n = 4) buffalo farms were recruited for sampling. The numbers of sampled 

farms from each study location are given in Table 6.1. About 25 % more farms than the 

required sample size were included in the study due to uncertainty that all farms could 

be sampled. For example, the free-range buffalo farms were remotely located and, 

therefore, sometimes difficult to reach during the morning milking time. Sampling was 

performed on 1 to 5 lactating buffalo on each farm. All the animals were sampled when 
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a farm had ≤ 5 lactating buffalo, and five were randomly sampled when a farm had ≥ 5 

lactating buffalo. However, on nine farms (five semi-free ranges, three households, and 

one semi-intensive farm), only one lactating buffalo could be sampled because of non-

cooperative animals on those farms. Because of the small number of intensive farms, all 

the lactating buffalo from these four farms were sampled. Milk sampling and the 

recording of potential risk factor data (section 6.3.5) were conducted between February 

2020 and April 2021 (sampling was interrupted for six months due to the national 

lockdown in the SARS-CoV2 pandemic from April to September 2020). 

Table 6.1 Distribution of 880 buffalo sampled from 248 buffalo farms over five 

different buffalo-rearing systems in nine buffalo concentrated districts in 

Bangladesh 

District 

Total 

buffalo  

populatio

n 

Number of 

buffalo 

sampled 

Number of farms from different buffalo-rearing 

systems 

Free-

range 

Semi-

free-

range 

Household 
Semi-

intensive 
Intensive 

Noakhali 50,680 182 9 113 20 40 - 

Jamalpur 11,955 145 17 84 9 35 - 

Chattogram 44,494 135 85 38 12 - - 

Rajshahi 18,550 118 - - 2 116 - 

Moulvibazar 55,363 105 - 103 - 2 - 

Bhola 52,190 100 48 13 30 7 2 

Laxmipur 29,971 52 - - - - 52 

Mymensingh 3,087 28 5 15 4 4 - 

Dhaka 1,621 15 - - - - 15 

Overall 267,911 880 164 366 77 204 69 

6.3.4 Detection of subclinical mastitis using the California mastitis test and bulk milk somatic 

cell count 

The SCM status of each buffalo quarter was determined and categorized on a scale from 

1 to 5 using CMT, following the process described by Baloch et al. (2016). The CMT 

was performed on each functional quarter of a buffalo before milking was started, after 

discarding the first 1-2 squirts of milk. A quarter was considered positive when the CMT 

score was ≥ 2 with no visible signs of CM (any changes in milk or swelling, and/or 

redness, or painfulness of the mammary gland). A buffalo was considered SCM-positive 

when one or more of its four functional quarters had SCM. Bulk milk SCC was 

determined in thoroughly mixed morning bulk milk from all the lactating buffalo on each 
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farm following Singha et al. (2021a) using a DeLaval cell counter (DeLaval Group, 

Stockholm, Sweden) (Adkins et al., 2017a). 

6.3.5 Questionnaire design and data collection 

A questionnaire was developed in English and tested on 16 farms in a pilot study (Singha 

et al., 2021a) before starting the main study. We prepared two separate datasets: quarter 

level, buffalo level (dataset A), and farm level (dataset B). Dataset A included the quarter 

level information on the position of the tested quarters (front left, front right, hind left, 

or hind right) and teat shape (cylindrical, bottle, or funnel). Buffalo-level information 

included the age of the buffalo in years (2.5 to 6, > 6 to 8 or > 8 to 20 years), breed 

(indigenous versus cross breed), stage of lactation (3 months or less, > 3 to 6 months, > 

6 to 9 months or > 9 months), average daily milk yield (3 L or less versus 3.1 L to 9 L), 

udder symmetry (symmetrical or asymmetrical), CM history (yes or no), abortion history 

(yes or no), and the number of milkers on the farm (single versus multiple). Dataset B 

included general farm level information such as type of buffalo-rearing system (free-

range, semi-free-range, household, semi-intensive or intensive), type of farm area 

(coastal, semi-coastal, inlands, islands or river basin), season (winter: late December to 

early February; spring: late February to early April; summer: late April to end of June; 

rainy: early July to early September or autumn: late September to early December), 

communication with the employees (good contact with the staff, irregular visits to the 

farm, rare visits to the farm or managed by farmers themselves), district, buffalo type 

(river type, swamp type or mixed), wallowing water source (tube-well, deep tube-well, 

pond, river or rain water), feeding system (stall-feeding, grazing or mixed), supplied feed 

(no additional food supply, concentrate, roughage and concentrate, locally available 

straw and roughage, only roughage from grazing), buffalo source (stock, stock or 

purchased, purchased or contract), history of any buffalo mortality in the last 12 months 

(yes or no) and restraining during milking (yes or no). Milking was performed by hand, 

using three traditional techniques: complete hand milking, stripping, or knuckling. 

Generally, one or more of these techniques is used on a buffalo farm depending on 

milkers’ preference and buffalo teat length or diameter. Complete hand milking involves 

grasping the teat with five fingers and pressing it against the palm. Stripping involves 

firmly holding the teat between the thumb and index finger and drawing down the length 

of the teat while applying pressure. Knuckling consists in bending the thumb and pressing 
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the teat against the index finger with the nail and end of the thumb. Information related 

to the milking technique was collected, such as fore stripping (yes or no) and hand 

milking (full hand, stripping, or knuckling). Other relevant data was also collected, such 

as udder hygiene (excellent, good, fair, or poor), a score of milkers’ hygiene (excellent, 

good, or fair), feed offered before milking (yes or no), and whether farms use a quarantine 

facility for the newly purchased buffalo (yes or no). The corresponding author can 

provide the full version of the questionnaire upon request. Written consent was obtained 

from the buffalo farmers before administering the questionnaire. Data were collected in 

face-to-face interviews with the farmers (farm owner or acting manager) and through on-

farm observations. All interviews were conducted in Bengali, but the questionnaire was 

recorded in English. The study was approved and performed in line with the guidelines 

of the SAU research system (SAU/Ethical Committee/AUP/21/06) of Sylhet Agricultural 

University, Bangladesh. 

6.3.6 Statistical analyses       

6.3.6.1 Descriptive statistics  

Data were imported into R (version 4.1.2; R Foundation for Statistical Computing, 

Vienna, Austria) for statistical analysis. The analysis was carried out separately for 

datasets A and B. The dependent variables considered were, for dataset A, the SCM status 

of an individual quarter (i.e., healthy or SCM positive) and the SCM status of an 

individual buffalo, and for dataset B, the BMSCC (cells per mL of milk) as the indicator 

of SCM status at the farm level. The BMSCC distribution was positively skewed, so a 

log10 transformation was performed to restore a normal distribution, which was checked 

using a visual inspection of the histogram. Descriptive statistical analysis was carried out 

to calculate the prevalence of SCM (at the quarter and buffalo levels) and the summary 

of BMSCC (at the farm level). To estimate the sampling-corrected prevalence, sampling 

weights were created based on the total buffalo population in an area, the number of 

buffalo, and the sampled quarters (Dohoo et al., 2010b). The probability of selecting each 

buffalo was calculated by dividing the number of buffalo sampled by the total number in 

an area, as estimated by the UVH/PKSF. Sampling weights were calculated using the 

inverse of the sampling probability. We then evaluated the buffalo and quarter level 

prevalence, correcting for weighting and taking clustering by the district into account 

using STATA SE-17.0 (Stata Corp. College Station, TX, USA).  
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6.3.6.2 Quarter and animal level risk factor models 

Two generalized linear mixed-effects logistic regression models were constructed using 

the R package "lme4" (Bates et al., 2015) to identify factors associated with SCM from 

dataset A. For generalized linear mixed-effects logistic regression models, the GLMER 

function was used. Farm and buffalo ID within farms were used as random effects in 

these models. Subject-specific effects were used to calculate the odds ratio, meaning that 

fixed effects in a mixed model represent the effects of that factor within the cluster. The 

significance of the random effect terms was checked with the likelihood ratio test (LRT) 

using the latent variable approach (Dohoo et al., 2010a). Then, fixed variables that were 

significant at P ≤ 0.2 in the univariable logistic regression were selected for the 

multivariable logistic regression. The model was manually constructed using a forward 

selection procedure, applying the maximum likelihood estimation procedure (Dohoo et 

al., 2010a). The statistical significance of the contribution of individual predictors was 

determined using Wald’s test and the LRT. The presence of confounders was assessed 

by adding one of the variables in order of significance (the variables with the lowest P-

value were added first) and, in each step, determining whether the beta coefficient of 

other variables in the model changed by more than 30 %, which was deemed 

confounding. Simultaneously, we assessed the collinearity based on significant changes 

(> 30 %) in the standard error. If a variable was found to be non-significant (P > 0.05), 

was not a confounder, and no indications of collinearity were seen, the variable was 

removed from the model in the next step. Finally, significant (P ≤ 0.05) variables at LRT 

were presented regarding odds ratio and 95 % C.I. 

6.3.6.3 Farm level BMSCC risk factor model 

A linear regression model was fitted using dataset B to identify the association of farm 

level variables with log10-transformed BMSCC (LBMSCC). The linear regression 

model used the LM function from the R base. Variables significant in the univariable 

linear regression at P ≤ 0.2 were used in multivariable linear regression models. Variance 

inflation factors (VIF) for the factors were also examined to diagnose collinearity (a VIF 

value ≥ 10 was deemed to indicate collinearity). Variables with > 20 % missing values 

were removed. We assessed the presence of any confounding variable in the model using 

a similar procedure as discussed for the logistic regression model. If confounding was 

present, the confounding variable was kept in the model to correct the coefficient 

estimates for confounding. If two variables showed collinearity, the most biologically 
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meaningful variable was kept in the model. To assess the homoscedasticity of the 

residuals, a Breusch-Pagan test was performed using the library "skedastic" (Farrar, 

2020), and we visually inspected the residuals plotted against predicted values of the 

fitted model. Finally, the significant (P ≤ 0.05) variables were presented as beta values 

and their corresponding 95 % CI. 

6.4 Results 

6.4.1 Descriptive statistics and farm characteristics 

A total of 3,520 quarters of 880 lactating buffalo in 248 farms were enrolled in the study, 

of which 29 quarters could not be sampled because 17 quarters were blocked due to a 

previous history of CM, seven quarters were congenitally absent, and five quarters of 

four animals could not be sampled because the animals did not cooperate during the 

milking. Therefore, 3,491 quarters were examined using CMT. The number of sampled 

buffalo ranged between 1 to 41 per farm. On average, 67 % of the lactating and 24 % of 

the total buffalo population per farm were sampled. The average farm size was 22.8 

buffalo (ranging from 1 to 278 buffalo per farm) (Supplementary Table 6.1). The studied 

farms comprised 81.6 % crossbreeds and 18.4 % indigenous non-descriptive breeds. The 

crossbreeds mainly crossed indigenous non-descriptive breeds with the Murrah, Nilli-

Ravi, Jafarabadi, Mediterranean, and swamp-type water buffalo breeds. The majority of 

the buffalo farms were comprised of river type (79 %), followed by the swamp type (10 

%), and then a mixed population of both types (11 %). Buffalo mostly wallowed in water 

(83 %) but also in muddy places (2 %), and about 14 % wallowed in both areas. Only 1 

% of the farms didn’t allow the buffalo to wallow. Among the solely grazing-dependent 

farms, 77 % allowed grazing for 12-18 hours, while the other 23 % allowed for 2-6 hours 

daily. In the non-grazing-based farms, buffalo were fed once (36 %), twice (53 %), and 

in some farms, 3-4 times (11 %) a day. All farms performed hand milking, but no farm 

applied pre- or post-teat dipping. The milker did pre-milking udder stimulation through 

calf suckling and hand massage. A single person milked all the lactating buffalo in 55 % 

of the farms, while multiple people performed the milking on 45 %. About 75 % of the 

farmers got veterinary support from the government or private means. Farmers also got 

support from UVH through regular deworming and vaccination programs. More of the 

farmers who participated in the study had a primary education level (grades 1-5) (47 %) 

than those who had no formal education (32 %), a higher secondary education (18), or a 
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college degree (3 %). The farmers' ages ranged between 13 to 85 years, and all were 

male. Only 8 % of the farmers indicated that they knew how to formulate the ration to 

meet the nutrient requirements of the buffalo. 

6.4.2 Quarter and animal level prevalence and farm level BMSCC 

The overall prevalence of SCM, corrected for the sampling design, was 27.9 % (95 % CI 

26.3-29.7) at the quarter level, with the 25th and 75th percentiles at 8.3 % and 41.7 %, 

respectively; at the buffalo level, this was 51.5 % (95 % CI 47.8-55.2), with the 25th and 

75th percentiles at 33.3 % and 66.7 % respectively (Fig. 6.2). Among the SCM positive 

quarters, CMT score 2 was most frequently observed irrespective of the type of buffalo-

rearing system (Table 6.2). At the farm level, 242 buffalo farms were sampled as we 

failed to perform BMSCC on six farms because farmers accidentally mixed the buffalo 

and cow milk in those farms. The geometrical mean BMSCC was 217,000 cells per mL 

of milk, which varied between the farms and ranged from 36,000 to 1,213,000 cells per 

mL of milk with the 25 % and 75 % percentiles at 124,000 and 355,000 cells per mL of 

milk, respectively. 

 

Fig. 6.2 Within farm quarter and animal level prevalence of subclinical mastitis in 

248 water buffalo farms in Bangladesh.  
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Farm identification numbers of each buffalo farm were represented in the X axis (data 

shorted by the animal level prevalence per farm), and the proportion of quarter and 

animal levels SCM were presented in the Y axis. The red circles represent the point 

estimate of the quarter level prevalence of SCM, and the red vertical lines represent the 

95 % confidence intervals. The blue circles represent the point estimate of the animal 

level prevalence of SCM, and the grey vertical lines represent the 95 % confidence 

intervals in each corresponding buffalo farm. 

Table 6.2 Quarter level prevalence of subclinical mastitis based on California 

mastitis test score (subclinical mastitis at CMT score ≥ 2) on 3,491 buffalo 

quarters of 880 buffalo from 248 buffalo farms of five different buffalo-rearing 

systems in Bangladesh 

Types of rearing 

systems 

Number of 

buffalo 

quarters 

tested 

CMT= 1 

n (%) 

CMT= 2 

n (%) 

CMT= 3 

n (%) 

CMT= 4 

n (%) 

CMT= 5 

n (%) 

Free-range 641 484 (75.5) 96 (15.0) 32 (5.0) 21 (3.3) 8 (1.2) 

Semi-intensive 814 618 (75.9) 112 (13.8) 57 (7.0) 25 (3.1) 2 (0.2) 

Semi-free-range 1,461 1,092 (74.7) 206 (14.1) 101 (6.9) 54 (3.7) 8 (0.5) 

Household 308 212 (68.8) 59 (19.2) 19 (6.2) 16 (5.2) 2 (0.6) 

Intensive 267 149 (55.8) 47 (17.6) 22 (8.2) 23 (8.6) 26 (9.7) 

Overall 3,491 2,555 (73.2) 520(14.9) 231 (6.6) 139 (4.0) 46 (1.3) 

6.4.3 Quarter level risk factor model 

The univariable analysis of the association between SCM and four quarter level variables 

is shown in Supplementary Table 6.2. No confounding or collinearity was observed in 

the multivariable model. In the final model, SCM prevalence was significantly associated 

with the intensive buffalo-rearing systems, quarters located on the left, and funnel-shaped 

teat (Table 6.3). 
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Table 6.3 Multivariable mixed-effects (farm and animal) logistic regression 

analysis of subclinical mastitis (defined as CMT score ≥ 2) regressed against the 

quarter level risk factors of 3,455 quarters of 872 buffalo in 248 farms expressed 

as odds ratio (OR), 95 % confidence interval (95 % CI), and P value 

Variable name Categories Number of  

observations 

OR (95 % CI) P 

Quarter 

positiona 

Right quarters 1,728 Reference  0.006 

Left quarters 1,727 1.3 (1.1 to 1.6)  

Rearing systema Free-range 633 Reference 0.004 

 Semi-intensive 810 1.1 (0.5 to 2.1)  

 Semi-free-range 1,441 1.1 (0.6 to 1.9)  

 Household 304 2.0 (0.9 to 4.7)  

 Intensive 267 6.6 (2.2 to 19.5)  

Teat shapea Cylindrical 2,684 Reference 0.003 

 Bottle 445 1.3 (0.9 to 1.9)  

 Funnel 326 2.1 (1.4 to 3.3)  
a Odds ratio was estimated based on subject-specific beta-estimates 

6.4.4 Buffalo-level risk factor model 

The univariable analysis of the association between SCM and nine buffalo-level 

variables is shown in Supplementary Table 6.3. The rearing system confounded the 

association of SCM with a previous history of CM and contained similar information; 

therefore, the previous record of CM was removed from the final model. No collinearity 

was observed in the stepwise forward selection procedure. In the final model (Table 6.4), 

buffalo with asymmetrical udders, milked by a single milker, and intensive buffalo-

rearing systems had higher odds of being SCM positive. 
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Table 6.4 Multivariable random-effect (farm identification number) logistic 

regression analysis of the association between subclinical mastitis (defined as at 

least one of the quarters has a CMT ≥ 2) and various risk factors of 853 buffalo 

from 246 buffalo farms expressed as odds ratio (OR), 95 % confidence interval (95 

% CI), and P values 

Variable 

name 

Category Number of 

observations 

OR (95 % CI) P 

Udder 

symmetrya 

Symmetrical 573 Reference <0.001 

Asymmetrical 278 1.8 (1.3 to 2.4)  

Number of 

milkers in the 

farma 

> 1 407 Reference 0.008 

1 444 1.5 (1.2 to 2.1)  

Rearing 

systema 

Free-range 155 Reference 0.016 

 Semi-intensive 200 1.0 (0.6 to 1.6)  

 Semi-free-

range 

358 1.1 (0.7 to 1.6)  

 Household 72 1.3 (0.7 to 2.3)  

 Intensive 68 2.7 (1.5 to 5.0)  

a Odds ratio based on subject-specific beta-estimates 

6.4.5 Bulk milk somatic cell count risk factor model 

The univariable association between LBMSCC and 18 farm level variables is shown in 

Supplementary Table 6.4. Several confounding variables were identified during the 

model-building process. Adding districts to the model affected the association between 

farm area type and LBMSCC. The farm area and district contained similar information, 

but the farm area was biologically more meaningful in association with BMSCC. 

Therefore, we removed the district from the final model. No collinearity was observed. 

The type of wallowing area was not included in the final model because of > 20 % of 

missing values. In the final model (Table 6.5), the winter season was significantly 

associated with a lower level of LBMSCC than the autumn season. Farms that provide a 

quarantine facility to the buffalo were also significantly associated with a lower 

LBMSCC than farms that did not provide any quarantine facility. Farms with a history 

of buffalo mortality in the previous 12 months were significantly associated with a higher 

LBMSCC than farms with no history of buffalo mortality.  
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Table 6.5 Multivariable linear regression analysis of the association between the 

log10-transformed bulk milk somatic cell count with farm level risk factors in 237 

buffalo farms in Bangladesh expressed as co-efficient (β), 95 % confidence interval 

(95 % CI), and P values 

Variable Level Observations β 95 % C.I. P 

 Intercept  5.59 5.29 to 6.08 <0.001 

Season Winter 75 Reference  <0.001 

 Rainy 3 0.06 -0.27 to 0.40  

 Summer 70 0.14 0.04 to 0.23  

 Spring 87 0.26 0.17 to 0.35  

 Autumn 2 0.50 0.10 to 0.91  

History of buffalo 

mortality 

No 119 Reference  0.026 

Yes 118 0.23 0.11 to 0.35  

Having a quarantine 

facility 

Yes 29 Reference  <0.001 

No 208 0.09 0.009 to 0.16  

 

6.5 Discussion 

This cross-sectional study estimated the prevalence and identified the risk factors of 

buffalo SCM in nine major buffalo-concentrated districts in Bangladesh. Subclinical 

mastitis is known to be a prevalent disease in water buffalo, with a high buffalo (51-82 

%) and quarter level prevalence (28 - 43 %) (Sharif and Ahmad, 2007; Islam et al., 2019; 

Singha et al., 2021a). Our investigation demonstrates the high prevalence of buffalo SCM 

at buffalo (52 %) and quarter (28 %) levels. A higher prevalence of SCM at the buffalo 

level is more probable than at the quarter level because a single SCM-positive quarter 

results in a buffalo positive for SCM. In our study, the average herd size was medium 

(22.8 buffalo per herd), and sampled farms did not use teat dipping or antiseptics and 

generally had poor milking and udder hygiene practices. Therefore, indirect contact 

between buffalo on the farm may increase the likelihood of transmission of the disease, 

leading to a higher prevalence of SCM. Alternatively, a large stock density in buffalo 

farms in Bangladesh (Habib et al., 2017) and the high temperature and humid climate in 

subtropical countries may cause stress to the buffalo and further increase their 

susceptibility to SCM (El Nahas et al., 2017; Ahmad et al., 2019). Although a prior small-

scale investigation in Bangladesh (Singha et al., 2021a) showed a greater prevalence than 

our study, the SCM prevalence estimate in our study was corrected for the multistage 

sampling approach for district-level stratification, thus is more reliable for extrapolation 

at the population level. 
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The mean BMSCC in this study was low overall (217,000 cells per mL of milk) and is 

in line with another study conducted in Bangladesh (Singha et al., 2021a). It also falls 

within the range of BMSCC values considered acceptable in neighboring countries, such 

as India (200,000 cells per mL of milk) and Nepal (500,000 cells per mL of milk) 

(Dhakal, 2006; Alhussien and Dang, 2018). However, the mean BMSCC in this study 

exceeds the recently proposed BMSCC level of 100,000 cells per mL in Murrah buffalo 

by the National Dairy Research Institute, India. Bulk milk SCC may fluctuate due to 

seasonal influences; for example, BMSCC is often expected to be low in winter since the 

temperature humidity index remains below the critical threshold that poses reduced 

thermal stress to the buffalo during this season (Choudhary and Sirohi, 2019). The 

BMSCC in the winter season in our study (172,390 cells per mL) was considerably low 

and might also be influenced by an overall decrease in mean BMSCC (Supplementary 

Table 6.1). Our study observed a discrepancy where, although BMSCC was low, a high 

animal level SCM prevalence (52 %) was observed. A previous study suggested that, in 

specific NAS-associated IMI, BMSCC may remain low. For example, Staphylococcus 

(S.). xylosus, S. cohnii, and S. equorum were more frequently isolated from quarters of 

dairy cows with a low SCC. At the same time, a high SCC was revealed from IMI 

associated with S. capitis, S. gallinarum, S. hyicus, S. agnetis, or S. simulans (Condas et 

al., 2017). This speculation may partly explain the link between BMSCC and SCM 

prevalence in our study. Our study included five buffalo-rearing systems to represent the 

nationwide buffalo population in Bangladesh. Therefore, this study's findings can help 

establish an initial benchmark since BMSCC data in water buffalo are currently limited. 

If buffalo farmers could access a regular BMSCC testing program, there is scope to 

improve the farm’s udder health by recreating the management practices in farms with 

low BMSCC. 

The left quarter position was associated with a higher prevalence of buffalo SCM in this 

study. Several other studies have also shown this trend (Moroni et al., 2006; Srinivasan 

et al., 2013; Ali et al., 2014). The association between quarter position and SCM can be 

partly explained by the fact that on the studied farms, milking was performed by hand 

from the left side, increasing the exposure and exerting more pressure on the left quarters 

(Ali et al., 2014). When milking the right teat, the left teat orifice will be open, allowing 

IMI pathogens to enter the mammary glands and cause mastitis. Therefore, the left-side 

milking practice may also allow IMI pathogen contamination from the right teat to the 
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left teat. However, no previous study has identified whether the left teats are more often 

infected by different pathogens, such as gram negatives, because of environmental 

contamination or the contagious transmission between udder glands. The type of hand 

milking could also play a significant role in teat injury and increase the prevalence of 

SCM (Hameed et al., 2012), but it was not significant in our study.  

A strong association was observed between an intensive buffalo-rearing system and the 

prevalence of SCM. A previous study (Khan et al., 2019) in Pakistan supported the idea 

that prevalence was much higher on intensive farms (77 %) than on household farms (23 

%). In intensive farms in our study, buffalo lived in stressful conditions due to a lack of 

access to grazing and wallowing, which can compromise the immunity of the animals. 

Intensive buffalo farms in our study comprised crossbreed buffalo (e.g., Indigenous × 

Nili-Ravi and Indigenous × Murrah) that had a higher milk yield compared to the 

indigenous buffalo, and these crossbreeds are generally known to be susceptible to 

mastitis (Ali et al., 2014; Charaya et al., 2014). In intensive farms in our study, the herd 

size was large, ranging from 50-278 animals per herd, and animal density was high in 

intensive farms, which may also increase the chances of spreading IMI pathogens from 

infected to healthy buffalo on the farm (Ali et al., 2014).  

Funnel-shaped teats were associated with a higher prevalence of SCM than cylindrical 

teats. A study (Kaur et al., 2018) has suggested that in Murrah buffalo, the cylindrical 

teat is the most common and has a higher prevalence of SCM, which is contradictory to 

the results of this study. To our knowledge, no previous studies have discussed the 

association between teat shape and the prevalence of SCM in water buffalo. In funnel-

shaped teats, the skin is loose, generally wrinkled, and rough, making them difficult to 

clean and may increase exposure to IMI-causing pathogens. Due to the roughness of the 

teat skin, the funnel-shaped teats also need increased pressure during hand milking, 

which could increase the chance of teat injury. Moreover, in our study for pre-milking 

stimulation, calf suckling was the most common, and it was common practice to drag the 

calf away from the teat. At the same time, any suckling might cause teat injury and make 

the quarter more susceptible to SCM (Bhandari et al., 2021).  

In this study, buffalo with an asymmetrical udder had a higher SCM prevalence. A 

previous study found that in CM-affected buffalo, udder fibrosis followed by the teat 

canal and cistern disappearance was observed (Abu-seida et al., 2014). We observed that 

a significantly higher proportion of buffalo with an asymmetrical udder had a previous 
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CM history than those with a symmetrical udder. Therefore, it can be speculated that in 

our study, udder asymmetry may result from a prior infection causing scar tissue, leading 

to shrinkage of the udder gland. This is attributable to the presence of persistent IMI-

causing pathogens from previous clinical cases and the transfer of those pathogens 

resulting in the development of new cases of IMI.  

A single milker was associated with a higher prevalence of SCM in the buffalo than 

multiple milkers. This is surprising, and it is challenging to hypothesize a causal 

mechanism behind this. One explanation could be that the milking hygiene was 

inadequate when a single worker was involved, concerning multiple workers. For 

example, no teat dipping or hygienic practices were observed between milking one 

buffalo and the next. Therefore, when a single milker was responsible for milking all the 

buffalo on the farm, this was more likely to contaminate a contagious pathogen to all the 

lactating animals in a herd than with multiple milkers. A previous study in Poland 

demonstrated the transmission of methicillin-resistant Staphylococcus aureus among 

agricultural animals, farm workers, and their household members. Multiple-locus 

variable number tandem repeat analysis, multilocus sequence typing (ST398), and spa 

(t034) typing have revealed the same drug-susceptibility profiles in bovine and human 

isolates (Krukowski et al., 2020). On the buffalo farms in this study, the single milker 

stayed close to the buffalo while they grazed and did other day-to-day farm management 

tasks nearby. Usually, during the milking time in the morning, a single person performs 

the farm environment cleaning (e.g., cleaning the manure) and starts the milking 

immediately without hand washing or disinfectant. Therefore, IMI pathogens are more 

likely to spread from the milker to the other buffalo in the herd. 

On the other hand, in herds where multiple milkers were involved, the farm environment 

cleaning was performed by other workers who were sometimes not involved in the 

milking process. Therefore, it is possible that the milkers had less exposure to the 

lactating buffalo, reducing the risk of SCM in those animals. However, a higher risk of 

SCM may also be linked to misclassification bias, resulting from the failure to report the 

true prevalence, or sampling bias, resulting from underestimating the actual prevalence 

of SCM. Finally, although it is unclear, it could be speculated that, compared to the 

multiple milkers, the greater exposure of the single milkers may be the most crucial 

reason for the higher prevalence of SCM in water buffalo. 
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Our study evidenced that the winter season was associated with low BMSCC. These 

findings agreed with earlier studies in India (Bhutia et al., 2019) and Pakistan (Baloch et 

al., 2018), which showed that there was a lower prevalence of SCM in winter (20-28 %). 

The association of low BMSCC in buffalo could be speculated to be due to the lower 

heat stress in winter. Water buffalo generally tolerate cold weather better than hot or 

humid climatic conditions (Marai and Haeeb, 2010). However, the association may also 

have to do with the buffalo-rearing systems, and we must be cautious about interpreting 

the high BMSCC in Autumn. Only intensive farms were studied during the autumn 

(September to early December), where BMSCC was higher than any other buffalo-

rearing system in this study. This shows how the high BMSCC may have been strongly 

associated with the Autumn season because of the effect of the intensive rearing system 

over any seasonal influences.  

The absence of a quarantine facility was associated with a high BMSCC in this study. 

The buffalo farmers in this study often expanded the herd by introducing newly 

purchased buffalo. If quarantine is not followed in these situations, there is a higher 

likelihood of introducing disease from the new animal to other animals in the herd. 

Buffalo farmers who are concerned with the provision of quarantine facilities are also 

expected to be more concerned with the overall farm management than farmers who do 

not have a quarantine facility. 

Buffalo farms with a previous history of buffalo mortality were associated with a high 

BMSCC. In our study, farmers reported that buffalo mostly died during outbreaks of 

hemorrhagic septicemia and parasitic diseases, which agrees with a previous study in 

Bangladesh (Islam et al., 2017). However, neither vaccination nor deworming 

substantially impacted buffalo mortality. On the other hand, the buffalo-rearing system 

was strongly linked to farms where animals had previously died. Interestingly, the 

highest number of animal deaths happened in free-range systems, where 80 % of farmers 

had no formal education or only a primary educational qualification. They were unaware 

of buffalo nutrition, disease prevention, or biosecurity science. Free-range farms are also 

remotely located, making it hard for the farmers to talk to each other and be updated 

about vital management improvements. 
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6.6 Conclusion 

In conclusion, water buffalo had a high animal and quarter level SCM prevalence. Mean 

bulk milk somatic cell count was satisfactory but varied significantly between farms. The 

non-manageable risk factors in our study were the buffalo-rearing system, season, and 

quarter position. The controllable risk factors were the number of milkers, teat shape, 

and udder symmetry. Teat shape and udder symmetry are manageable through selective 

breeding. Our findings indicate that the education of farmers regarding milking 

technique, hygiene, and rearing system may help further improve udder health on buffalo 

farms in Bangladesh. 
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CHAPTER 7  

Pathogen group-specific risk factors for intramammary infection in water buffalo 

7.1 Abstract 

Subclinical mastitis (SCM) is an economically significant disease in water buffalo 

worldwide. However, information on the intramammary infection (IMI) determinants in 

water buffalo in low and middle-income (LMIC) countries is limited. A cross-sectional 

study was conducted to estimate the prevalence of IMI-associated bacteria and identify 

risk factors for pathogen group-specific IMI in water buffalo in Bangladesh. California 

mastitis test (CMT) and bacteriological culture were performed on 1,374 quarter milk 

samples collected from 763 water buffalo in 244 buffalo farms in nine districts in 

Bangladesh. Quarter, buffalo, and farm-related data were obtained using a questionnaire 

and visual observations. Mixed effects logistic regression models were used to identify 

IMI-associated bacterial species risk factors. A total of 618 quarter samples were culture 

positive. Non-aureus staphylococci were the predominant IMI-associated bacterial 

species, and Staphylococcus (S.) chromogenes, S. hyicus, and S. epidermidis were the 

most common ones. The proportion of non-aureus staphylococci or Mammaliicoccus 

sciuri (NASM), S. aureus, and other bacterial species identified in the buffalo quarter 

samples varied between buffalo farms. Risk factors associated with hygiene were milking 

hygiene and cleanliness of the hind quarters. The odds of IMI by any pathogen [OR: 1.8 

(1.3-2.5)] and by NASM [OR: 2.2 (1.5-3.2)] were higher in buffalo herds with poor 

milking hygiene (opposed to excellent hygiene). Poor cleanliness of the hind quarters 

(opposed to excellent cleanliness) had a higher odds of IMI caused by any pathogen [OR: 

2.0 (1.4-2.7)], NASM [OR: 1.9 (1.3-2.8)], and S. aureus [OR: 3.0 (2.9-3.1)]. Farm 

management-related risk factors were the frequency of milking and buffalo source. 

Twice daily milking [OR: 3.1 (2.0-4.6)] (opposed to once) and farms with buffalo 

purchased from another herd [OR: 2.0 (1.2-3.2)] (opposed to own stock) were associated 

with IMI by any pathogen. Udder symmetry and body condition score (BCS) were risk 

factors related to buffalo breeding and nutrition. Asymmetrical udder (opposed to 

symmetrical) was associated with IMI-caused by any bacteria [OR: 1.7 (1.0-2.8)] and 

with IMI caused by S. aureus [OR: 1.3 (1.2-1.4)]. Poor BCS (opposed to good) showed 

higher odds of IMI by any pathogen [OR: 1.4 (1.0-1.9)] and by NASM [OR: 1.7 (1.1-

2.5)]. This study shows that the prevalence of IMI in water buffalo is high. Still, variables 
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between farms and our data suggest that SCM can be partly controlled by better farm 

management, primarily by improving hygiene, milking management, breeding, and 

nutrition. 

7.2 Introduction 

Subclinical mastitis (SCM) is the inflammation of the mammary gland mainly in 

response to intra-mammary infection (IMI) in water buffalo (Preethirani et al., 2015; 

Algammal et al., 2020). Subclinical mastitis has significant effects on both food security 

and safety by reducing milk yield impairing the quality of milk and milk products 

(Piccinini et al., 2006; Costa et al., 2020), increasing the culling rate, and increasing the 

risk of development and spread of antimicrobial resistance (Elahi et al., 2018; El-Ashker 

et al., 2020). Knowing the risk factors for IMI is essential to determine the most 

appropriate control measures for IMI in water buffalo.  

Previous studies attempted to identify several buffalo and farm level risk factors of 

buffalo SCM based on high CMT. Animal-related risk factors include age, breed, parity, 

and lactation stage (Sharif and Ahmad, 2007; Srinivasan et al., 2013; Hussain et al., 

2018). Water buffalo may have distinct morphological differences in udder and teat 

shapes. The udder may be a bowl, globular, or pendulous shaped, whereas the teat may 

be cylindrical, conical, or funnel-shaped (Kaur et al., 2018). These variations in udder 

morphology may also influence the entry and establishment of IMI in the mammary 

gland. Examples of farm-related risk factors of SCM known for water buffalo are 

flooring materials, rearing system, and type of milking system (Sharif and Ahmad, 2007; 

Sindhu et al., 2009). Poor hygiene and management may contribute to the exposure of 

the mammary gland to pathogens, resulting in a high prevalence of IMI. In household 

buffalo farms, hand milking is a usual milking practice in most South Asian countries. 

Therefore, trauma caused by incorrect milking procedures may also predispose IMI in 

these animals (Hameed et al., 2012). Although several risk factors for positive CMT have 

been identified, few studies have investigated risk factors for specific pathogen groups 

using bacteriological culture. 

Identifying risk factors for IMI is important to identify effective management practices 

to control buffalo SCM in Bangladesh, which are likely also applicable in buffalo-

concentrated neighboring Asian countries with similar management, e.g., India, Pakistan, 

Iran, Nepal, and Indonesia (Bachaya et al., 2005; Dhakal et al., 2007; Beheshti et al., 
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2011; Anirban et al., 2013). Hence the objectives of this study were to estimate the 

prevalence of IMI-associated bacterial species and to identify risk factors for pathogen 

group-specific IMI in water buffalo in Bangladesh. 

7.3 Materials and methods 

7.3.1 Study area description 

This cross-sectional study was conducted in nine representative buffalo-concentrated 

districts in Bangladesh between February 2020 and April 2021. The geographical 

location of the selected districts are as follows: Noakhali and Chattogram in the south-

east, Lakshmipur and Bhola in the south-central, Maulvibazar and Mymensingh in the 

north-east, Jamalpur in the north-central, Rajshahi district in the north-west, and Dhaka 

is located in the center of Bangladesh. Buffalo-rearing systems in these regions can be 

subdivided into five different buffalo-rearing systems: free-ranging, semi-free-ranging, 

intensive, semi-intensive, and household. Free-range buffalo graze in the fallow land in 

coastal or semi-coastal islands supplemented with straw or small amounts of 

concentrates. In a free-ranging system, buffalo are transferred across islands dependent 

on green roughage availability. Due to feed scarcity on the islands during the dry season 

(October to March), buffalo are relocated to the inlands for 3-6 months, depending on 

roughage availability, in the semi-free-range system. The household rearing system 

offers 5-7 hours of grazing supplemented with a small amount of straw, grass, and 

concentrates. In river-basin locations, the semi-intensive system lets buffalo stay in 

sheds, graze nearby pastures, and return daily. Buffalo in intensive systems are tethered 

in sheds, stall-fed, and never permitted to graze. The selection of buffalo farms in this 

study has been described in Chapter 6. 

7.3.2 On-farm data collection 

A questionnaire was developed, including questions about buffalo and farm level 

information. The questionnaire used was previously described in Chapter 6. The farmers 

gave written informed consent during interviewing. The data were collected through a 

face-to-face interview with the farmer and on-farm observations. During the interview, 

the buffalo farmer gave information on the buffalo source, breed type, and frequency of 

milking per day. In contrast,animal-related information such as body condition score 

(BCS), udder symmetry, udder shape, type of hand milking procedure, cleanliness of the 
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hind quarter, and milking hygiene was assessed by on-farm observations by the 

interviewer. The study was approved and performed in line with the guidelines of the 

SAU research system (SAU/Ethical Committee/AUP/21/06) of Sylhet Agricultural 

University, Bangladesh.  

7.3.3 Detection of subclinical mastitis using California mastitis test and collection of quarter 

milk samples 

California mastitis test was performed on the individual buffalo quarters separately 

without any visible signs of clinical mastitis (CM), and the test results were scored 1 to 

5 and classified as either healthy (CMT score 1) or SCM quarter (CMT scores 2 to 5) 

(Adkins et al., 2017). Milk samples were collected from all the SCM quarters while from 

healthy quarters only one quarter sample was collected per buffalo. Milk samples from 

all the healthy and SCM quarters were obtained following aseptic milk sampling 

procedures (Adkins et al., 2017c) in 15 mL sterile falcon tubes. Milk samples were 

temporarily stored in a freezer (-10 ºC to -15 ºC) near the field visit area. Frozen samples 

were transferred within seven days to the Udder Health Bangladesh (UHB) 

bacteriological laboratory of Chattogram Veterinary and Animal Sciences University 

(CVASU) and stored at -20 ºC. 

7.3.4 Bacteriological culture 

Milk samples were subjected to bacteriological culture in the UHB laboratory following 

the NMC guidelines (Adkins et al., 2017b), with some modifications noted below 

(Singha et al., 2021a). Quarter milk samples were inoculated (10µL) on 5 % bovine blood 

agar (BBA). Positive growth was defined when at least three morphologically similar 

colonies on BBA and a sample was considered contaminated when a sample yielded 

three or more morphologically different colony types. Gram-positive and gram-negative 

bacteria were differentiated based on growth characteristics, followed by inoculation of 

selective agar media: Mannitol Salt agar (MSA), MacConkey agar (MAC), and Eosin 

Methylene Blue (EMB) agar. Bacterial isolates were preserved at -80 ºC using Brain 

Heart Infusion Broth and 50 % buffered glycerol for future use. All bacterial culture 

media and reagents were manufactured by Oxoid (Oxoid Ltd, Basingstoke, United 

Kingdom). 
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7.3.5 Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry 

Bacterial isolates were shipped (Italian Ministry of Health Authorization number: 

477015235) to the Mastitis Laboratory, Department of Veterinary and Animal Sciences, 

Università degli Studi di Milano for further confirmation, using Matrix-assisted laser 

desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS), for 

identification by MALDI-TOF MS, frozen bacterial isolates were inoculated (10µL) on 

BBA and incubated for 24 hours. The pure cultures were further sub-cultured to ensure 

the complete bacterial function of the isolates. One or two colonies were deposited on 

the target plate using a toothpick, overlaid with 1 µL of α-cyano-4-hydroxycinnamic acid 

(Bruker Daltonics, GmbH, Bremen, Germany), and were dried. The spectra were 

acquired with a microFlex™ mass spectrometer (Bruker Daltonics, GmbH). The results 

were interpreted against the MBT Compass® 4.1 database (Addis et al., 2022). Log 

scores of ≥ 2.0 were the thresholds used for species confirmation of S. aureus, while log 

scores of ≥ 1.7 were used to confirm the species identification of other species (Cameron 

et al., 2017). 

7.3.6 Bulk milk somatic cell count 

Bulk milk SCC was measured in thoroughly mixed morning bulk milk from all the 

lactating buffalo at each farm using a DeLaval somatic cell counter (DCC) (DeLaval 

Group, Stockholm, Sweden) (Adkins et al., 2017a). The procedure was followed 

according to the manufacturer’s instructions and described in a previous study of this 

project (Singha et al., 2021a). 

7.3.7 Definition of subclinical mastitis at the quarter, buffalo, and farm level 

A buffalo was considered SCM-positive when one or more of its four functional quarters 

had CMT ≥ 2. A buffalo farm was considered SCM positive when at least one buffalo 

had a quarter with CMT ≥ 2. 

7.3.8 Statistical analysis 

Data analysis was done using R statistical software (version 4.1.2; R Foundation for 

Statistical Computing, Vienna, Austria). Prevalence of IMI in healthy (CMT = 1) or SCM 

quarter (CMT ≥ 2) samples was calculated by dividing the number of samples positive 
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for each bacterial species (NAS; S. aureus; Streptococcus; Gram-negative; or other 

bacteria) by the total number of tested quarter milk samples. The exact binomial method 

was used to calculate the proportion's 95 % confidence intervals. The prevalence of IMI-

associated bacterial species was calculated at the quarter, animal, and farm levels. Mixed-

effects logistic regression models with animal and farm ID as random effects were 

constructed to test the association between IMI-associated bacterial species and buffalo 

or farm level variables. The significance of the random effect terms was checked with 

the likelihood ratio test (LRT) using the latent variable approach (Dohoo et al., 2010a). 

Variables with a P value < 0.20 were included in the multivariable model. The 

multivariable model was built using a stepwise forward selection procedure, adding each 

significant variable in the model, starting with the variable having the lowest P value. If 

the beta coefficient in the new model changed by more than 30 % after adding a variable, 

this was deemed confounding, and the confounder was included in the model. If the 

standard error in the new model largely changed, it indicated the collinearity with the 

newly added variable. The most biologically meaningful variable for buffalo IMI was 

kept in the final model. Finally, significant variables (P ≤ 0.05) were presented in terms 

of subject-specific odds ratios (OR) and 95 % C.I., meaning that fixed effects in a mixed 

model represent the effects of that factor within the cluster (Dohoo et al., 2010a). 

7.4 Results 

7.4.1 Descriptive statistics 

Table 7.1 shows that 1,374 quarters of 763 lactating buffalo from 244 buffalo farms from 

nine districts were included in the analysis. The prevalence of CMT ≥ 2 quarters was 51 

% (95 % CI, 48-54). The quarter level prevalence of CMT ≥ 2 for each district is 

displayed in Table 7.1. 

Table 7.1 Distribution of quarter milk samples collected and analyzed for 

bacteriological culture in nine water buffalo concentrated districts in Bangladesh. 

Districts N farms  
N 

buffalo  
N quarters 

CMT ≥ 2 

 

N quarters % (95 % CI) 

Noakhali 45 168 292 147 50.3 (44.4 to 56.2) 

Jamalpur 35 134 224 107  47.8 (41.1 to 54.5) 

Rajshahi 39 104 191 102  53.4 (46.1 to 60.6) 

Bhola 37 86 186 97  52.2 (44.7 to 59.5) 

Chattogram 38 93 160 68  42.5 (34.7 to 50.6) 
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Maulvibazar 37 94 146 64  43.8 (35.6 to 52.3) 

Laxmipur 2 47 103 69  67.0 (57.0 to 75.9) 

Mymensingh 10 23 45 29  64.4 (48.8 to 78.1) 

Dhaka 1 14 27 17  63.0 (42.4 to 80.6) 

Total 244 763 1,374 700  50.9 (48.3 to 53.6) 

7.4.2 Prevalence of IMI-associated pathogens 

In total, 618 quarters were culture positive, 756 were culture negative, whereas 11 

samples were found contaminated in bacteriological culture. A total of 46 % (312/674) 

(95 % CI, 43 -50) CMT = 1 buffalo quarter and 44 % (306/700) (95 % CI, 40 - 48) CMT 

≥ 2 buffalo quarters were culture-positive, respectively. Surprisingly, differences in 

bacteriological culture results between SCM and healthy buffalo quarters based on CMT 

results were minimal. Bacterial isolates belonging to the Staphylococcus genus were 

common, where S. chromogenes was the most prevalent species, followed by S. hyicus, 

S. epidermidis, and S. aureus. The pathogen distribution is given in Table 7.2. 

Table 7.2 Distribution of bacterial species from intramammary infections (N = 

618) isolated from 1,374 quarter milk samples of 763 lactating water buffalo from 

244 buffalo farms in nine water buffalo concentrated districts in Bangladesh 

Percentages were calculated within CMT classes. 

Bacterial species 
CMT = 1  

N quarters (%) 

CMT ≥ 2 

N quarters 

(%) 

Total  

N quartersa 

(%) 

Staphylococcus    

S. chromogenes 60 (8.9) 66 (9.4) 126 (9.17) 

S. hyicus 53 (7.9) 60 (8.6) 113 (8.22) 

S. aureus 19 (2.8) 20 (2.9) 39 (2.83) 

S. xylosus 18 (2.7) 12 (1.7) 30 (2.18) 

S. epidermidis 21 (3.1) 9 (1.3) 30 (2.18) 

S. haemolyticus 15 (2.2) 14 (2.0) 29 (2.11) 

S. arlettae 6 (0.9) 1 (0.1) 7 (0.50) 

S. pasteuri 2 (0.3) 4 (0.6) 6 (0.43) 

S. hominis 1 (0.1) 2 (0.3) 3 (0.21) 

S. equorum 1 (0.1) 1 (0.1) 2 (0.14) 

S. warneri 1 (0.1) 1 (0.1) 2 (0.14) 

S. ureilyticus 2 (0.3) - 2 (0.14) 

S. saprophyticus 1 (0.1) - 1 (0.07) 

S. casei 1 (0.1) - 1 (0.07) 

S. capitis - 1 (0.1) 1 (0.07) 

S. kloosii - 1 (0.1) 1 (0.07) 

Mammaliicoccus    
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Mammaliicoccus sciuri 39 (5.8) 46 (6.6) 85 (6.18) 

Streptococcus    

Strep. uberis 2 (0.3) 1 (0.1) 3 (0.21) 

Strep. suis 1 (0.1) 1 (0.1) 2 (0.14) 

Strep. canis 1 (0.1) 1 (0.1) 2 (0.14) 

Strep. dysgalactiae 1 (0.1) 1 (0.1) 2 (0.14) 

Strep. pluranimalium - 1 (0.1) 1 (0.07) 

Gram-negative    

Pseudomonas spp 1 (0.1) 4 (0.6) 5 (0.36) 

Acinetobacter spp 1 (0.1) 1 (0.1) 2 (0.14) 

Enterobacter spp 1 (0.1) 1 (0.1) 2 (0.14) 

Escherichia coli 1 (0.1) 1 (0.1) 2 (0.14) 

Stenotrophomonas spp - 2 (0.3) 2 (0.14) 

Klebsiella spp - 1 (0.1) 1 (0.07) 

Ochrobactrum spp - 1 (0.1) 1 (0.07) 

Other bacteria    

Micrococcus spp 13 (1.9) 11 (1.6) 24 (1.74) 

Corynebacterium spp 8 (1.2) 7 (1.0) 15 (1.09) 

Rothia spp 5 (0.7) 5 (0.7) 10 (0.72) 

Lactococcus garvieae 2 (0.3) 3 (0.4) 5 (0.36) 

Bacillus spp 4 (0.6) 1 (0.1) 5 (0.36) 

Kocuria spp 2 (0.3) 2 (0.3) 4 (0.29) 

Actinomyces spp 2 (0.3) 1 (0.1) 3 (0.21) 

Arcanobacterium spp - 2 (0.3) 2 (0.14) 

Microbacterium spp 1 (0.1) - 1 (0.07) 

Rhodococcus spp 1 (0.1) - 1 (0.07) 

Brachybacterium spp - 1 (0.1) 1 (0.07) 

Not identifiableb 25 (3.7) 19 (2.7) 44 (3.20) 

Culture negative 362 (53.7) 394 (56.3) 756 (55.0) 

Total quarters examined 674 (100) 700 (100) 1374 (100) 

a Contaminated samples (n = 11) were excluded from the statistical analysis. 

b Not identifiable: Bacterial species that could not be confirmed by MALDI-TOF MS log scores 

of ≥1.7 

7.4.3 Prevalence of IMI-associated pathogens 

Table 7.3 shows the quarter, buffalo, and farm level prevalence of non-aureus 

staphylococci, Mammaliicoccus spp (NASM), other bacterial species, and S. aureus. 

Non-aureus staphylococci or Mammaliicoccus spp were found as the most prevalent 

bacterial species at the quarter (32 %), animal (45 %), and farm level (72 %). 
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Table 7.3 Herd, buffalo, and quarter level prevalence of intramammary infection 

in 1,374 buffalo quarters from 763 buffalo from 244 water buffalo farms in nine 

buffalo-concentrated districts of Bangladesh 

Culture positive regardless 

of CMT status 

N quarters (%)a N buffalo (%)b N farms (%)c 

Non-aureus staphylococci or 

Mammaliicoccus spp. 

439 (32.0) 341 (44.5) 176 (72.1) 

Other bacterial species 140 (10.2) 129 (16.9) 91 (37.3) 

Staphylococcus aureus 39 (2.8) 37 (4.9) 32 (13.1) 

Total 618 (45.0) 462 (60.6) 209 (85.7) 

 
a Contaminated samples were excluded from the statistical analysis. 
b A buffalo was considered positive when at least one of the quarters had an IMI. 
c A buffalo farm was considered positive when at least one buffalo had an IMI. 
d Other bacterial species included non-identifiable bacteria species, Gram-negative bacteria 

species, Micrococcus spp, Corynebacterium spp, Rothia spp, Lactococcus garvieae, Bacillus 

spp, Kocuria spp, Actinomyces spp, Arcanobacterium spp, Microbacterium spp, Rhodococcus 

spp, Brachybacterium spp, and Streptococcus spp. 

On average, six quarter samples were examined by bacteriological culture per farm 

(median: 5; range: 1-75). Figure 7.1 shows that the distribution of IMI-associated 

pathogens per farm and the proportion of culture negatives varied widely across the 

buffalo farms. 

Fig. 7.1 Distribution of culture results of 1,374 buffalo quarter milk samples of 763 

buffalo from 244 water buffalo farms in nine buffalo concentrated districts of 

Bangladesh 

Sorted by the percentage of culture-negative samples and the total number of samples 

per farm. NASM stands for non-aureus staphylococci or Mammaliicoccus spp. 
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7.4.4 Risk factors for intramammary infection 

Table 7.4 shows the factors associated with IMI caused by any bacterial species, NASM, 

and S. aureus. Animal-related risk factors of water buffalo IMI were the cleanliness of 

the hind quarter, BCS, and udder symmetry. Buffalo farm-related risk factors were 

milking hygiene, frequency of milking per day, and buffalo source. Poor milking hygiene 

was associated with the risk of IMI by any bacterial species and NASM. Poor cleanliness 

score of hind quarters was found to be a risk factor for IMI by any bacterial species, 

NASM, and S. aureus. Asymmetrical udders were associated with IMI by any bacterial 

species and S. aureus. Own stock buffalo, on average, had lower BCS than the purchased 

buffalo, and thereby BCS confounded the association of buffalo source with IMI by any 

pathogens. The district was associated with the buffalo-rearing system. We kept the 

rearing system in the model because this is biologically easier to interpret than the effect 

of districts in Bangladesh. However, the rearing system was statistically non-significant 

and was excluded from the final model as the model-building process. In the model of 

IMI caused by NASM, BMSCC and the type of hand milking system were collinear with 

the milking hygiene, and milking hygiene was chosen to stay in the final model. 
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Table 7.4 Mixed effects multivariable logistic regression analysis using three 

separate models for intramammary infection (IMI) by any pathogen, non-aureus 

staphylococci or Mammaliicoccus sciuri, and Staphylococcus (S.) aureus regressed 

against buffalo and farm level risk factors, using animal and farm as the random 

effects, based on bacteriological culture data of 1,374 quarters of 763 buffalo in 

244 farms in nine buffalo-concentrated districts of Bangladesh. 

Subject-specific odds ratios and 95 % C.I. were calculated based on subject-specific beta 

estimates. 

Independent variable 

Any bacterial speciesa NASMb S. aureusc 

Odds 

ratio 
95 % C.I. 

Odds 

ratio 
95 % C.I. 

Odds 

ratio 
95 % C.I. 

Milking hygiene       

Excellent Reference      

Poor 1.8 1.3 to 2.5 2.2 1.5 to 3.2 - - 

Cleanliness of the hind 

quarter 
      

Excellent Reference      

Good 1.5 1.1 to 2.0 1.4 1.0 to 1.9 2.6 2.5 to 2.7 

Poor 2.0 1.4 to 2.7 1.9 1.3 to 2.8 3.0 2.9 to 3.1 

Frequency of milking 

per day 
      

Once Reference      

Twice 3.1 2.0 to 4.6 - - - - 

 Buffalo source       

Purchase from others 

herd 
Reference      

Source unknown 1.3 0.4 to 3.9 - - - - 

Both own stock or 

purchased 
1.5 0.9 to 2.3 - - - - 

Own stock 2.0 1.2 to 3.2 - - - - 

Udder symmetry       

Symmetrical Reference      

Asymmetrical 1.70 1.0 to 2.8 - - 1.3 1.2 to 1.4 

BCS (Score 1-9)       

Good (5) Reference      

Fatty (6-9) 1.1 0.8 to 1.5 1.0 0.6 to 1.7  - - 

Moderate (4) 1.1 0.8 to 1.5 1.4 1.0 to 2.0 - - 

Poor (1-3) 1.4 1.0 to 1.9 1.7 1.1 to 2.5 - - 

a IMI by any bacterial species: The subject-specific odds ratios for the buffalo level variables were 

calculated from 1,233 quarters of 681 lactating buffalo from 217 farms. 

b IMI by non-aureus staphylococcus or Mammaliicoccus sciuri: The subject-specific odds ratios for the 

buffalo level variables were calculated from 1,287 quarters of 727 lactating buffalo from 229 farms. 
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c IMI by Staphylococcus aureus: The subject-specific odds ratios for the buffalo level variables were 

calculated from 1,342 quarters of 745 lactating buffalo from 242 buffalo farms. 

7.5 Discussion 

This study aimed to determine the prevalence of IMI and identify risk factors for IMI-

associated bacterial species in water buffalo in Bangladesh. This study demonstrated the 

predominance of NASM (32 %) in IMI in water buffalo quarters in Bangladesh which is 

in agreement with our previous work, where we found a prevalence of 25 % (95 % CI 18 

- 33 %) in water buffalo in Bangladesh (Singha et al., 2021a). Several previous studies 

in India also demonstrated NAS as the most prevalent among the culture results (18 - 35 

%) in SCM quarters in water buffalo (Joshi et al., 2013; Srinivasan et al., 2013; Charaya 

et al., 2014). Staphylococcus chromogenes were the most common among NAS species 

in this study, consistent with another German study identifying that S. simulans and S. 

chromogenes were responsible for 90 % of the NAS-associated IMI in dairy cows. 

Mammaliicoccus sciuri was another prevalent species identified in this study. This 

species was formerly known as S. sciuri but has recently been reclassified as 

"Mammaliicoccus sciuri" (Madhaiyan et al., 2020; Rosa et al., 2022) and was also 

reported previously in water buffalo (El-Ashker et al., 2020). 

Non-aureus staphylococci may colonize the teat canal of the buffalo mammary gland 

(Condas et al., 2017; Traversari et al., 2019) but are also known to be associated with 

SCM or IMI, and occasionally in CM in various dairy species such as cows, buffalo, and 

goats (Hamel et al., 2020; Santos et al., 2020; Wuytack et al., 2020; Valckenier et al., 

2021). Our study surprisingly found a similar prevalence of positive culture results in 

SCM as in healthy quarters based on CMT, although this was consistent with our 

previous study (Singha et al., 2021a). If a culture of NASM results from true IMI rather 

than teat canal colonization in water buffalo, the prevalence of NAS would be expected 

to be higher in SCM quarters than in healthy quarters, as was previously reported in water 

buffalo as well as dairy cows (Pisanu et al., 2019; Valckenier et al., 2020; Beuckelaere 

et al., 2021). This suggests that part of the NASM we cultured may have originated from 

teat canal colonization rather than true IMI. The absence of a difference in the proportion 

of culture positives between healthy and CMT-positive quarters may also be explained 

by the interdependence of microbiota among the quarters of an individual buffalo 

(Catozzi et al., 2019). It has also been shown in dairy cows that an inflammatory response 
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to an IMI in one quarter may also evoke an inflammatory response in the other quarters 

of that animal (Blagitz et al., 2015; Paixão et al., 2017). To what extent the unaffected 

quarters react may depend on the pathogenicity of the pathogen and the severity of the 

inflammation (Pyörälä, 2003; Merle et al., 2007; Petzl et al., 2008). This interdependence 

may further explain the finding that culture results were similar between healthy and 

CMT-positive quarters. 

The prevalence of IMI-causing bacterial species in the buffalo quarters largely varied 

between farms (Figure 7.1). In a previous study on dairy cows, within farms, the cow-

level prevalence of IMI by NAS ranged from 0 to 50 % (Schukken et al., 2009), and the 

prevalence of S. aureus varied from 0 to 73 % (Exel et al., 2023). Still, no such data is 

available on water buffalo. These differences between farms may result from different 

management or characteristics of the dominant infecting strains in a herd (Keane, 2019; 

Leuenberger et al., 2019; Exel et al., 2023). Genotyping of IMI pathogens may help 

elucidate various strains' transmission potential and routes. A previous study using a 

bioeconomic simulation model demonstrated that the optimal control measures for an 

extra-mammary S. aureus spillover to milk substantially differed from contagious S. 

aureus strains (Exel et al., 2022). Therefore, genotyping the most critical species may be 

a valuable next step. 

Buffalo with poor cleanliness of the hind quarter had higher odds of IMI by any bacterial 

species, NAS, and S. aureus than buffalo with clean hind quarters. Sub-optimal hygienic 

conditions of the udder and hind quarter may expose the teat canal to pathogens and 

result in an IMI (Ndahetuye et al., 2020b). Contamination of hind quarters predisposes 

mainly to environmental IMI pathogens (Rowe et al., 2019; Fréchette et al., 2021), but 

interestingly, culture positivity for S. aureus was also associated with dirty hind quarters. 

Since dirt is unlikely the primary source of S. aureus IMI, we speculate that dirty 

hindquarters may be linked to other factors predisposing to S. aureus IMI, such as the 

rearing system or general hygiene. In this study, poor cleanliness of the hind quarter was 

higher in semi-free-ranging buffalo and in buffalo with poor milking hygiene. This 

suggests that washing buffalo will not effectively reduce S. aureus prevalence. The 

underlying try risk factors should be identified in future studies. 

Poor milking hygiene, such as when farmers did not wash their hands or use antiseptics 

or teat dipping before or after milking, was associated with higher odds of IMI by any 

bacterial species than excellent milking hygiene. This finding is consistent with a study 
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in Brazil which evidenced that poor milking hygiene was associated with IMI and SCC 

> 400,000 cells per mL of milk in water buffalo quarters (Medeiros et al., 2011). In a 

review article, poor floor hygiene, wrong hand milking procedures, and dirty milkers’ 

hands were reported to be associated with SCM or IMI in dairy cows in South Asian 

countries (Bari et al., 2022). Intramammary infection-causing pathogens may be 

transmitted directly via milkers’ hands during hand milking. A study reported that about 

16 % of samples taken from milking hands were positive for S. aureus (Banu and Zewdu 

Geberemedhin, 2022), which suggests that dirty hands during hand milking may 

contribute to the transmission of IMI within animals in a buffalo herd. In our study, farms 

with poor milking hygiene frequently milked using the stripping method. This hand-

milking method involves bending the thumb and pressing the teat against the index finger 

with the nail and end of the thumb, which may cause injury to the teat skin and the teat 

canal. Teat skin and sphincter serve as the first line of defense to protect against mastitis 

pathogens. When the teat is injured, it may lose its protective function and can easily be 

infected (Rainard and Riollet, 2006; Tolosa et al., 2015). Thus, milking technique and 

hygiene should be addressed in udder health control efforts.  

In this study, buffalo with an asymmetrical udder had higher odds of IMI by any pathogen 

or S. aureus than those with a symmetrical udder. Staphylococcus aureus is known to 

cause chronic subclinical inflammation in the water buffalo mammary gland (Restucci 

et al., 2019). In our study, a significantly higher proportion of buffalo with an 

asymmetrical udder had a history of CM than those with a symmetrical udder, suggesting 

that also CM may result in udder gland atrophy.  

Surprisingly, in this study, own-stock buffalo farms had higher odds of IMI by any 

pathogen than farms with purchased buffalo. Buffalo farms in Bangladesh have limited 

farm biosecurity as personnel may be shared between different herds to clean the buffalo 

barn and occasionally for milking. This may be a more critical factor in transmission 

between farms than purchasing animals. The source of buffalo may be linked with the 

other factors to predispose an IMI. In this study, farms with their source buffalo 

frequently had river-type buffalo than swamp or mixed (river and swamp type) type 

buffalo. River-type buffalo in this study also had higher odds of IMI by NAS than the 

swamp-type buffalo. River-type buffalo generally produce more milk, and a previous 

study reported that teat canal diameter and stretchability are correlated with the milk 

production level (Rathore and Sheldrake, 1977). The teat canal remains open longer in 
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high-yielding animals (Klaas et al., 2005), which may increase the risk of entering IMI 

pathogens.  

7.6 Conclusions 

In conclusion, several udder health problems related to IMI in water buffalo have been 

identified in this study. NASM was the most common species group responsible for IMI 

in water buffalo in Bangladesh. We show that the prevalence of IMI-associated bacteria 

varies between farms. Strain typing of the IMI-associated bacterial species may be 

helpful in elucidating transmission routes of the major pathogens. Our data suggest that 

IMI can be partly managed by better farm management, including milking technique, 

hygiene, and breeding, which can be used to design water buffalo udder health control 

strategies. 
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CHAPTER 8  

Water buffalo milk chain and associated factors affecting bulk milk somatic cell 

count, and bacterial counts in Bangladesh 

8.1 Abstract 

The aims of this study were to a) assess farm udder health by measuring bulk milk 

somatic cell count (BMSCC); b) compare the hygiene status along the milk chain nodes 

by measuring total bacteria count (TBC), total non-aureus staphylococcus count 

(TNAS), total Staphylococcus aureus count (TSA), and total Enterobacteriaceae count 

(TEC); c) describe milk chain characteristics; and d) identify factors associated with 

BMSCC at the farm level and bacteria in milk along the buffalo milk chain in 

Bangladesh. Samples were collected at multiple nodes along the buffalo milk value 

chain: 122 bulk tank milk samples were collected at the farm level, 109 milk samples at 

the middlemen level, and 111 milk samples at the milk collection centers. In addition, 35 

samples were taken from various milk products at the retail level. The geometric mean 

BMSCC at the farm level was 254 × 103 cells per mL of milk. The mean value of TBC 

was 5.2 log10 at the farm level, 6.0 log10 at the middleman level, 6.6 log10 in the milk 

collection centers, and 7.5 log10 in the product shops. Progressively increasing TBC, 

TNAS, and TEC levels were observed along the milk chain (P < 0.05). A high BMSCC 

was associated with season (spring versus winter) and buffalo-rearing system (semi-

intensive versus intensive). The high TBC was associated with the season (winter versus 

late autumn), the water sources used when cleaning the milk containers (pond water 

versus tube-well water), the type of milk (a mix of buffalo and cow milk versus pure 

buffalo milk), and the cleanliness score of the milk containers (poor versus excellent). 

The type of farm area (coastal versus river basin) was associated with high levels of 

TNAS. Our study indicated a moderate BMSCC and identified several factors associated 

with increased bacterial contamination at the farm and middleman levels. Based on our 

findings, improving udder health and hygienic practices during milk handling could aid 

in reducing BMSCC and bacterial contamination and ensure the safety and quality of 

buffalo milk and milk products consumed in Bangladesh.  
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8.2 Introduction 

Milk provides an excellent nutrient source for many people worldwide, particularly in 

low- and middle-income countries (LMIC) (Adesogan and Dahl, 2020). However, 

consuming contaminated milk or milk products may cause serious public health hazards 

(Cerva et al., 2014; Verraes et al., 2015). As a perishable product, milk must be processed 

immediately after collection on the farm, especially if there are poor milk cooling 

facilities. Dairy is primarily consumed in the form of fresh dairy products in LMICs. 

Demand for these products is projected to increase by 1 % in the next decade, demanding 

an increase of 1.7 % in global milk production (OECD/FAO, 2019). Cow milk dominates 

global production (81 %), whereas water buffalo are the principal non-cow dairy 

production species, contributing 15 % of milk output (Minervino et al., 2020). About 97 

% of the total buffalo population resides in Asia; water buffalo are the primary source of 

milk production in South Asia (Hegde, 2019).  

Small-holder farmers in Bangladesh dominate the buffalo farming sector by utilizing 

fallow land and feed resources, providing income-generation opportunities. Water 

buffalo are increasingly reared in a free-range system (locally known as "Bathan"), 

followed by household subsistence systems in the coastal areas, sugarcane belt, and 

marshland of Bangladesh (Hamid et al., 2016b; Sultana, 2018). However, in Bangladesh, 

water buffalo only contributed 4 % of the total milk production recorded in 2020-21 (13 

million metric tons) (DLS, 2021). Buffalo milk production in Bangladesh is possibly 

underexploited compared to neighboring high-buffalo milk-producing countries such as 

India, Pakistan, and Nepal (Samad, 2020). However, similar buffalo-rearing systems and 

management practices, such as hand milking, inadequate milking hygiene, transportation 

with insufficient cooling facilities, and traditional milk product processing techniques 

are also observed in these countries (Tsuji, 2019; Sah et al., 2020; Samad, 2020). 

The buffalo milk chain in Bangladesh primarily consists of milk producers at the 

production level, followed by vendors at the milk collection centers and commercial milk 

processors or manufacturers (Hamid et al., 2016a). Middlemen and milk product 

producers primarily collect milk. They collect buffalo milk from farms in remote coastal 

areas and supply it to large dairy manufacturing companies or sell it to the local market. 

Traditionally, the buffalo milk trade involves processing the milk into products like 

yogurt and cheese, using raw or boiled milk without pasteurization. A study in 
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Bangladesh showed that 78 % of buffalo milk in the Bhola district was used for yogurt 

production, using the traditional natural fermentation of raw milk (Habib et al., 2021). 

Milk and milk products can be contaminated directly through lactating buffalo mammary 

gland intramammary infection (IMI) (Moroni et al., 2006). Bacterial contamination can 

also occur during milking and milk handling (due to storage, equipment, and hygiene 

issues), during transportation to milk collection centers, and during the processing and 

sale of milk products (Sanaa et al., 1993; Tigabu et al., 2015; Islam et al., 2018). 

Previous studies have identified the presence of different pathogenic bacteria in buffalo 

milk and milk products, for example, non-aureus staphylococcus (NAS), enterotoxigenic 

Staphylococcus, Staphylococcus (S.) aureus, Escherichia (E.) coli, and other coliform 

bacteria (Mistry et al., 2015; Bauzad et al., 2019; Giovanni et al., 2020; Al-Rudha et al., 

2021). Coliform bacteria, particularly E. coli, can contaminate raw milk during storage 

or transport (Ombui et al., 1994). However, microbial contaminations can vary, 

depending on the handling and processing steps taken along the buffalo milk chain 

(Mpatswenumugabo et al., 2019). 

Bulk milk somatic cell count (BMSCC) is a crucial indicator of udder health and the 

prevalence of mastitis, reflecting the milk quality at the herd level. It is monitored at the 

herd level to ensure the supply of high-quality milk to the consumers. A high BMSCC 

reflects an elevation of leucocytes in milk in response to IMI. Increased leucocyte 

activity, caused by high somatic cells and bacteria, can also decrease the quality of milk 

and milk products by activating proteolytic and lipolytic enzymes such as lipases, 

oxidases, glycosidases, and proteases (Li et al., 2014; Bauer et al., 2015). In addition to 

BMSCC, other bacterial indicators are of importance when ranking the hygienic quality 

of milk, including total bacteria count (TBC), total non-aureus staphylococcus count 

(TNAS), total S. aureus count (TSA), and total Enterobacteriaceae count (TEC) 

(Anderson et al., 2011; Berhe et al., 2020). In many countries (for example, Canada, 

Brazil, and Rwanda), the acceptable limit for TBC in pasteurized milk ranges from 5 × 

103 to 5 × 105 CFU per mL of milk (Bauman et al., 2018; Cortinhas et al., 2018; 

Ndahetuye et al., 2020a). The acceptable limit for TBC in Bangladesh is < 2 × 104 CFU 

per mL of milk (Bangladesh Standards and testing institute (BSTI), 1009:1982). 

Several studies have assessed hygienic quality along the dairy cow milk chain in 

Bangladesh (Khaton et al., 2014; Islam et al., 2016b; Islam et al., 2018) and other LMICs, 

including India, Sri Lanka, and Ethiopia (De Silva et al., 2016; Rai et al., 2020; Aliyo 



 
121 

and Teklemariam, 2022). However, to the authors' knowledge, limited information is 

available on the hygienic quality of milk and milk products along the buffalo milk chain. 

To close this scientific gap, the aims of our study were to a) assess farm udder health by 

measuring BMSCC; b) compare the hygiene status along the milk chain nodes (in the 

bulk milk, middleman handling, milk collection centers, and milk products) by 

measuring TBC, TNAS, TSA, and TEC; c) describe milk chain characteristics; and d) 

identify factors associated with BMSCC at the farm level and with bacteria in milk along 

the buffalo milk chain in Bangladesh. 

8.3 Material and Methods 

8.3.1 Description of the study site and population 

Water buffalo is one of the predominant dairy species in Bangladesh. The current buffalo 

population is 1.5 million (DLS, 2021), of which 40 % is distributed in coastal areas 

(Faruque et al., 1990). The remaining buffalo population is spread across the Meghna-

Ganga and the Jamuna-Brahmaputra flood plains (Sultana, 2018). Together, coastal, 

semi-coastal, and river basin areas constitute the most significant areas of water buffalo 

concentration in Bangladesh. The Rajshahi, Jamalpur, Mymensingh, Moulvibazar, 

Bhola, and Noakhali districts are the country's most important contributors to buffalo 

milk (Faruque, 2000; Uddin et al., 2016) and, therefore, were selected for this study to 

represent the buffalo population in Bangladesh effectively. The sub-tropical monsoon 

climate of Bangladesh is mainly classified into six meteorological seasons: summer (late 

April to the end of June), rainy (early July to early September), autumn (late September 

to early October), late autumn (late October to early December), winter (late December 

to early February), and spring (late February to early April) (Khatun et al., 2016). 

Water buffalo in Bangladesh are reared under five major production systems, depending 

on topography, vegetation pattern, and the seasonal availability of feed resources. Free-

range buffalo-rearing systems, such as the bathan (a free-range system with 

approximately 500 buffalo per farm) and semi-bathan systems, depends on the pasture's 

seasonal availability. In the bathan systems, buffalo depend on grazing on fallow pasture 

on islands from spring to autumn. In the semi-bathan systems, buffalo from the islands 

are shifted to the mainland from late autumn to winter for 3-6 months because of a lack 

of available pasture on the islands. Up to 20 buffalo are tethered and stall-fed in the 

household system under available housing facilities. In semi-intensive systems, 
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approximately 150 buffalo are kept on pasture in river basin areas during the daytime 

and at housing facilities at night. On intensive farms, up to 170 buffalo are reared for 

breeding in zero-grazing systems using housing facilities (Uddin et al., 2016; Rahman et 

al., 2019b; Samad, 2020). 

8.3.2 Study design and sampling area 

A cross-sectional study was conducted in four buffalo milk chain nodes (farm, 

middleman, milk collection center, and milk product shop) from seven buffalo-

concentrated districts in Bangladesh. The study took place from February 2020 to April 

2021 (Fig. 8.1 a and b). A list of the registered buffalo farmers was created with the help 

of the corresponding upazila (the name used for the administrative unit of a sub-district 

in Bangladesh), veterinary hospital (UVH), and a non-governmental organization named 

the ''Palli Karma-Sahayak Foundation'' (PKSF), which worked on buffalo. The chosen 

buffalo farmers were contacted with a request for information on the farm's location and 

the middlemen and milk collection centers used. A total of 122 buffalo farms with 1 to 5 

lactating buffalo per farm met the selection criteria and were recruited for this project. 

No organized information, such as lists and contacts, was available for middlemen, milk 

collection centers, or milk product shops. Therefore, a list was created by applying 

snowball sampling (Etikan et al., 2016) and collecting data from the selected buffalo 

farmers and local buffalo milk product shops at each study location. A list of the 

distribution of the analyzed samples is given in Table 8.1. One of the 122 bulk milk 

samples was collected from each selected farm. A total of 109 milk samples were 

analyzed from milk collected at the middleman level and 111 milk samples from the milk 

collection centers. Another 35 milk products, comprised of yogurt (n = 26), cheese (n = 

7), and buttermilk (n = 2), were analyzed for the assessment of bacterial contamination. 

However, samples from the middlemen node, milk collection centers, and milk product 

shops were not linked with the source buffalo farm. Data was collected using a pre-

structured questionnaire (questionnaires can be found in subsections 12.3, 12.4, 12.5, and 

12.6 under Chapter 12 Appendices). 
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Table 8.1 Distribution of milk and milk product samples (N = 377) collected at 

four different nodes of the buffalo milk chain in 7 districts of Bangladesh 

District Farm Middleman Milk 

collection 

center 

Milk 

products 

shop 

Total 

number of 

samples 

Noakhali 47 44 47 13 151 

Bhola 18 18 18 10 64 

Maulvibazar 16 16 15 5 52 

Rajshahi  15 15 15 5 50 

Jamalpur 17 11 11 2 41 

Mymensingh 8 4 4 - 16 

Dhaka 1 1 1 - 3 

Total 122 109 111 35 377 

 

 

Fig. 8.1 Seven districts that were selected for sampling in the study 

(a) District-level buffalo heads in Bangladesh are illustrated in the map of Bangladesh 

(Data source: LDDP (2019)). (b) The yellow indicates the location of the study's seven 

selected districts (Rajshahi, Jamalpur, Mymensingh, Maulvibazar, Bhola, Noakhali, and 

Dhaka). 
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8.3.3 Collection of samples and handling procedures 

After milking all the buffalo at each farm, the bulk milk was thoroughly mixed for 5 

minutes, and samples were collected from the top of the bulk tank using a clean, sanitized 

dipper. 25-30 mL sample of the farm’s bulk milk was collected aseptically in a sterile 50 

mL screw-capped falcon tube. Two representative aliquots from the same farm’s bulk 

milk were collected. One aliquot was used to perform the BMSCC analysis, and the other 

was preserved aseptically for bacteriological culture. 10mL bulk milk samples were 

collected aseptically from the middlemen nodes 1 hour after the collection of bulk milk 

samples from the farms, and 10mL of mixed bulk milk samples were collected at the 

milk collection centers one hour after the middlemen delivered the milk. Approximately 

30-35 g of milk products (yogurt, cheese, and buttermilk) were collected aseptically from 

each milk product shop in a 50 mL sterile screw-cap bottle. All collected samples were 

transferred to an ice box immediately. Upon collecting all samples each day, the samples 

were frozen and stored at -20 ºC, and bacteriological quantification was performed 24 

hours after the samples were stored. 

8.3.4 Bulk milk somatic cell counts of farm bulk milk 

BMSCC was measured in the thoroughly mixed morning bulk milk, which contained 

milk from all the lactating buffalo at each farm, using a DeLaval somatic cell counter 

(DCC) (DeLaval Group, Stockholm, Sweden) (Adkins et al., 2017b). The DCC showed 

the BMSCC results as cells/ µL of milk multiplied by 1000 to estimate the cells per mL 

of milk. The measurement was taken immediately at the farm following the collection of 

the farm bulk milk samples. A BMSCC level of 400 × 103 cells per mL of milk, suggested 

by Costa et al. (2020), was used as the cut-off to compare the levels in the present study. 

8.3.5 Quantification of bacteria 

Bulk milk samples from farms, middlemen, milk collection centers, and milk products 

underwent bacteriological quantification following the National Mastitis Council 

Protocol 2017 (Adkins et al., 2017b). The total bacteria count, staphylococcal count, and 

Enterobacteriaceae count were performed on a Plate Count Agar (PCA), Baird Parker 

Agar with egg yolk tellurite (BPA), and Violet Red Bile Glucose Agar (VRBG), 

respectively. All agar media used was manufactured by Oxoid, Basingstoke, UK. To 

perform bacteria enumerations, 1 mL of the milk samples was mixed with 9 mL of diluent 
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(sterile 0.9 % NaCl). Samples were serially diluted 10-fold up to 10-7. To estimate the 

total number of aerobic bacteria in the samples, the pour plate technique was carried out 

following ISO:4833-1 (2013). From each 10-fold dilution prepared, 1 mL of the sample 

was mixed with 15-20 mL of molten PCA in a sterile petri dish and incubated aerobically 

at 30 °C for 72 hours. The Staphylococci count was determined using the surface plate 

technique, following Viçosa et al. (2010). 0.1 mL of the serially diluted sample was taken 

from each tube after vortexing and plated on the surface onto a solidified sterile BPA 

plate. The plate was incubated at 37 °C for 48 hours, and then S. aureus and NAS were 

enumerated. To confirm S. aureus colonies, five colonies were randomly chosen and 

tested using a coagulase test. Determination of Enterobacteriaceae was performed using 

the pour plate technique following 5th ed. NMKL-144 (Nordic Committee on food 

analysis) standards. A 1 mL vortexed sample was mixed with 10-15 mL of VRBG. Then, 

a second overlay of 5-10 mL of VRBG was added after solidification. Culture plates were 

incubated at 37 °C for 48 hours. A further oxidase test was conducted on five randomly 

selected colonies to differentiate Enterobacteriaceae from non-Enterobacteriaceae. 

Bacteria enumerations were done considering a countable dilution containing < 300 

colonies. 

8.3.6 Collection of epidemiological data 

A questionnaire was divided into four subsections to describe the buffalo milk chain and 

investigate factors associated with farm BMSCC and bacteria from the buffalo milk chain 

nodes. Section A captured data at the farm level and included 45 questions. The data 

included information on farmers' education level, buffalo-rearing system, geographical 

area of the farm, the total number of lactating buffalo, number of dry buffalo, average 

milk yield per day, milker hygiene (excellent: milkers use antiseptic and wash hands; 

good: milkers only wash hand; poor: milkers don't wash hand), and udder hygiene 

(excellent: udder is clean and dried; good: udder is clean but not dry; poor: udder is not 

clean and is wet). Section A also collected data on milk containers, such as the type of 

milk container, how the containers were cleaned, and the cleanliness score of the milking 

containers. The cleanliness score was defined using three categories, based on visual 

observation by the interviewer (excellent: no greasiness or dirt was observed inside or 

outside the container; good: no greasiness or dirt was observed inside the container; and 

poor: greasiness or dirt was present both inside and outside the containers). The farmers 
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in this section also provided generic data on milk storage, transportation, and their ability 

to obtain a reasonable price when selling the milk.  

Sections B and C contained 20 questions and collected information from the middlemen 

and milk collection centers. Data on milk transportation (such as any cooling materials 

inside the containers), milk composition (buffalo milk or a mixture of buffalo milk and 

cow milk), how the containers were cleaned, and the cleanliness score of the milk 

container was collected.  

Section D included eight questions to gather information on milk products: the type of 

milk used, storage time, and the type of containers used. Qualitative assessments, such 

as the cleanliness score of the milk containers, were determined during sample collection 

following subjective visual observation by the interviewer. Information on the type of 

milk was obtained by cross-questioning the middlemen or personnel at the milk 

collection centers.  

Participation from the farmers, middlemen, and milk product shop owners was voluntary. 

Each farmer gave written informed consent to participate in the study, and the middleman 

and milk product shop owners also gave written or oral informed consent. The study was 

approved and performed in line with the guidelines of the Sylhet Agricultural University 

Research System (AUP/21/06) in Bangladesh. The questionnaire was pretested and 

revised based on the comments from the pretest. Each questionnaire was given a unique 

identification number matching the identification number assigned to the collected 

samples at each level of the milk chain.  

8.3.7 Statistical analyses 

Data from the questionnaire-based survey and the bacteriological enumerations were 

entered into an MS Excel spreadsheet. The data was cleaned, and coding and integrity 

were checked before importing the dataset into JMP 16.0 for statistical analysis (SAS 

Institute Inc., North Carolina, USA). BMSCC and bacteria count (TBC, TNAS, TSA, 

and TEC) data were log10 transformed to achieve normal data distributions. Descriptive 

statistics were performed using a boxplot for BMSCC at the farm level, and the bacteria 

count (TBC, TNAS, TSA, and TEC) at each node of the buffalo milk chain (farm, 

middleman, milk collection center, and milk product). A summary (mean and range) was 

presented for the quantitative variables, such as the number of lactating animals, the 

average milk yield at the farm level, and frequency numbers, with percentages calculated 
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for the generic data, such as problems faced during transportation and storage, and 

farmers getting the right milk price. 

Univariable analysis, a t-test, or a one-way ANOVA was performed to identify the 

variables (P ≤ 0.20) to be included in the multivariable regression models to investigate 

potential associations with BMSCC or bacteria contamination. Three multivariable 

regression models (Model-1 for BMSCC, Model-2 for TBC, and Model-3 for TSA) were 

constructed at the farm level and one at the middleman level to identify variables 

associated with the TBC. During the construction of the multivariable regression models, 

a maximum likelihood estimation procedure was applied using a manual stepwise 

forward selection procedure. The presence of any confounding was assessed by removing 

one variable from the model and evaluating whether the coefficients were changed by 30 

% and whether the confounding was biologically meaningful. The interaction was 

evaluated by constructing two-interaction product terms for any significant main effect, 

adding them to the model, and examining changes in the P values of the main effects. 

The final model included variables with a P ≤ 0.05. A variation inflation factor (VIF) and 

Cook Weisberg test were performed for model fit to identify multi-collinearity and 

heteroskedasticity, respectively.  

8.4 Results 

8.4.1 Bulk milk somatic cell counts at the farm level 

The geometric mean of BMSCC at the farm level was 254 × 103 cells per mL; the highest 

value was 1,213 × 103 cells per mL, and the lowest was 36 × 103 cells per mL. Among 

the farms, 30 % exceeded the BMSCC threshold of 400 × 103 cells per mL. 

8.4.2 Bacteria contamination at various nodes of the milk chain 

A summary of different bacterial counts (TBC, TSA, TNAS, and TEC) is presented in 

Table 8.2. The number of samples demonstrating as positive for the included bacteria 

showed that irrespective of the type of samples, all the tested samples had a countable 

number of TBC, with 89 - 100 % of the samples being positive for TNAS, 48 - 80 % for 

TEC, and 13 - 18 % of the samples positive for TSA. A tendency for an increase in TBC 

was observed along the milk chain (Fig. 8.2 a, b, c, and d). 
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Table 8.2 Summary statistics of BMSCC and three different bacterial counts 

presented in mean, range (minimum-maximum), and median for 377 samples 

collected at four different levels on the buffalo milk chain in 7 districts of 

Bangladesh 

BMSCC/ 

Bacteria1 

Sample source  

(number of samples 

analyzed) 

Number of 

positive samples 

(%) 

Log10mean2  

(Min-Max)  

Median 

BMSCC3     

 Farm (122) - 5.4 (4.6 - 6.1) 5.4 

TBC     

 Farm (122) - 5.2 (2.0 - 7.3) 5.2 

Middleman (109) - 6.0 (3.4 - 8.3) 6.0 

Milk collection 

center (108) 

- 6.6 (3.6 - 9.9) 6.7 

Milk products (35) - 7.5 (3.6 - 9.9) 7.5 

TSA     

 Farm (122) 16 (13.1) 3.3 (3.0 - 3.9) 3.1 

Middleman (109) 15 (13.8) 3.6 (3.0 - 5.3) 3.4 

Milk collection 

center (111) 

20 (18.0) 3.7 (3.0 - 5.7)  3.6 

Milk products (35) 5 (14.3) 3.8 (3.0 - 6.0) 3.8 

TNAS     

 Farm (122) 111 (91.0) 4.4 (3.0 - 6.7) 4.2 

Middleman (109) 105 (96.3) 4.9 (3.0 - 7.9) 4.9 

Milk collection 

center (111) 

111 (100.0) 5.4 (3.3 - 8.4) 5.4 

Milk products (35) 31 (88.6) 5.8 (3.6 - 7.7) 5.7 

TEC     

 Farm (122) 58 (47.5) 2.9 (2.0 - 5.7) 2.8 

Middleman (109) 66 (60.6) 4.1 (2.0 - 7.4) 3.7 

Milk collection 

center (111) 

85 (76.6) 4.2 (2.0 - 7.0) 4.1 

Milk products (35) 28 (80.0) 4.6 (2.3 - 8.4) 4.8 

1BMSCC = Bulk milk somatic cell count/ mL of milk; TBC = Total bacterial count/ mL 

of milk; TSA = Total Staphylococcus aureus count/ mL of milk; TNAS = Total non-

aureus Staphylococci/ mL of milk; TEC = Total Enterobacteriaceae count/ mL of milk.  

2To calculate the mean, median, and range, log10 transformed values of the original 

values were used. Only samples positive for selected bacteria counts were considered 

when calculating the mean for bacterial counts. 

3BMSCC records were only available at the farm level on 122 buffalo farms. 
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Fig. 8.2 Assessment of bacterial contamination at four different nodes (bulk milk, 

middleman, milk collection centers, and milk products) of the buffalo milk chain 

in Bangladesh (using box plots) 

(a) represents the total bacteria count; (b) represents the total Staphylococcus aureus 

count; (c) represents the total non-aureus staphylococcus count; (d) represents the total 

Enterobacteriaceae count. The horizontal lines show the comparison between the sample 

type, and the symbol for the significance level is indicated above the line. The level of 

significance corresponding to the symbol is displayed at the bottom of the Figure. 
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8.4.3 Buffalo milk chain characteristics 

Buffalo farmers in this study were aged between 13 to 85 years old (n =119). A high 

number of the farmers had a primary education level (Grade I-V) (46 %), followed by 

farmers with no formal education (32 %) and farmers with a secondary (17 %) or 

graduate level (5 %). All the farmers involved in the buffalo milk enterprise interviewed 

were male. The farms used hand milking as their usual milking practice. Poor milking 

and udder hygiene was observed on most of the farms. About 79 % of the farmers did 

not use antiseptics or wash their hands before milking, 19 % washed their hands, and 2 

% used antiseptics following hand washing. It was observed that, during milking, the 

udder was dirty and wet on 50 % of the farms; on 37 %, the udder was clean; and on 12 

% of the farms, the udders were both clean and dry. None of the farms used pre- or post-

milking disinfection. Of the farmers, 17 % sold raw milk from the farm to the local 

consumers, 70 % sold milk to middlemen, and 14 % sold their milk directly to the milk 

product shops. 34 % of the farmers responded that hand milking was problematic, as 

farmers were frequently injured during milking by the non-cooperative buffalo (Table 

8.3). The middlemen in this study had a milk-selling experience of between 2 to 40 years. 

During transportation, 5 % of the middlemen mixed ice with the milk inside the milk 

containers, while the remaining did not provide any cooling of the milk. Most middlemen 

(64 %) cleaned the milk containers once daily, while 36 % cleaned them twice daily 

(Table 8.4). All the milk collection centers mixed buffalo milk with cow milk. The milk 

remained in the collection center for 0 to 6.5 hours before further processing or sale. 

During milk storage at the milk collection centers, 96 % of the milk collection centers 

kept the milk at room temperature (25 -30 ºC), while only 4 % stored the milk in a freezer. 

About 63 % of the milk products were prepared in retail shops, and 37 % were at the 

household level. The milk products were mainly (80 %) processed using a mixture of 

buffalo and cow, followed by pure buffalo milk (20 %). Processed milk products were 

sold within 1 to 72 hours (Table 8.5). 
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Table 8.3 Descriptive features of the farmers, hygienic practices, and herd 

population for 122 buffalo farms located in 7 districts in Bangladesh. 

  

Variable name Categories Number 

(%) 

Mean (Min-Max) Median 

Education level No formal 

education 

37 (32.0) - - 

Primary 53 (45.7) - - 

Secondary 20 (17.4) - - 

Graduation 6 (5.2) - - 

Who milks the 

buffalo? 

Owner 72 (59.0) - - 

The owner, worker, 

and middleman 

53 (40.9) - - 

Wash the 

milkers’ hands 

before milking 

No 98 (81.0) - - 

Yes 23 (19.0) - - 

Type of milk 

containers used 

Aluminum 69 (58.0) - - 

Plastic 32 (26.9) - - 

Tin 13 (10.9) - - 

Others (Aluminum, 

Plastic, and glass) 

5 (4.2)   

The water source 

for cleaning the 

milk containers 

River water 25 (21.6) - - 

Tube-well water 57 (49.1) - - 

Pond water 34 (29.1) - - 

Containers 

remain open 

during storing 

milk on the farm 

No 113 (93.4) - - 

Yes 8 (6.6) - - 

Point of milk 

sale 

Farm 19 (16.5) - - 

Middlemen 80 (69.6) - - 

Milk product shops 16 (13.9) - - 

Farmers age - - 36.7 (13-85) 35 

Farm size 

(buffalo heads) 

- - 27.3 (3-170) 17 

Numbers of 

lactating buffalo 

- - 7.8 (3-46) 5 

Numbers of dry 

buffalo 

- - 6.6 (0-60) 3 

Numbers of 

heifers 

- - 5.1 (0-95) 2 

Numbers of 

calves 

- - 8.6 (0-51) 5 

Average daily 

milk production 

per farm 

- - 13.6 (1.5-150) 8 
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Table 8.4 Descriptive features of milk handling and hygienic practices by the 

middlemen (N = 109) on the buffalo milk chain in 7 districts of Bangladesh. 

 

  

Variable name Categories Number 

(%) 

Mean (Min-

Max) 

Median 

Trading 

experience 

Non-experienced 

(≤ 5 years) 

2 (2.0) - - 

Experienced  

(> 5 years) 

99 (98.0) - - 

Cooling of milk No  100 (95.2) - - 

Yes (Adding ice to 

the milk during 

transportation) 

5 (4.8) - - 

Materials used 

for covering milk 

container 

Container kept open 63 (57.3) - - 

Cloth 1 (0.9) - - 

Plastic plate 32 (29.1) - - 

Aluminum plate 8 (7.3) - - 

Banana leaves 6 (5.5) - - 

Nature of milk Buffalo milk 62 (59.6) - - 

Cow-buffalo mixed 

milk 

42 (40.4) - - 

Cleaning 

frequency of 

milk containers 

Once daily 65 (64.4) - - 

Twice daily  36 (35.6) - - 

The water source 

used for cleaning 

the milk 

container 

Pond water 49 (47.6) - - 

Tube well water 21 (20.4) - - 

Tube well water 

with detergents 

33 (32.0) - - 

Transport time 

(in hours) from 

middleman to 

milk collection 

center 

- - 1.5 (0-8.0) 1 



 
133 

Table 8.5 Descriptive features of milk handling and practices associated with milk 

or milk product processing at the milk collection centers (N = 109) and milk 

product shops (N = 35) on the buffalo milk chain in Bangladesh. 

 

  

Nodes 
Variable 

name 
Categories 

Number 

(%) 

Mean (Min-

Max) 
Median 

Milk 

collection 

center 

Type of 

containers used 

Aluminum 38 (36.9) - - 

Plastic 59 (57.3) - - 

Tin 6 (5.8) - - 

Stored milk in 

the freezing 

facility 

Yes 4 (3.6) - - 

No 106 (96.4) - - 

Storage time 

(hours) before 

further 

processing 

- - 1.4 (0-6.5) 1 

Milk 

product 

shops 

Type of 

product 

Yogurt 26 (74.3) - - 

Cheese 7 (20.0) - - 

Buttermilk 2 (5.7) - - 

Product 

processing 

place 

Shop 22 (62.9) - - 

Household 13 (37.1) - - 

Type of 

containers 

Clay  12 (34.3) - - 

Plastic  16 (45.7) - - 

Glass 7 (20.0) - - 

Source of milk 

purchase 

Own shop (own 

farm and through 

own contract 

middlemen) 

10 (28.6) - - 

Both own farms, 

contract 

middlemen, and 

other farmers or 

middlemen 

25 (71.4) - - 

Type of milk 

Buffalo milk 7 (20.0) - - 

Cow-buffalo 

mixed milk 
28 (80.0)  - - 

Type of seller 

Whole seller 9 (25.7) - - 

Retail seller 10 (28.6) - - 

Both 14 (40.0) - - 

Household seller 2 (5.7) - - 
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8.4.4 Factors associated with bulk milk somatic cell count and total bacteria count at different 

nodes of the milk chain. 

Six variables had a P ≤ 0.2 in the univariable analysis presented in Table 8.6. 

Multivariable linear regression analysis at the farm level showed that in model 1, a higher 

BMSCC was observed in the spring season (P < 0.001) compared to the winter season 

and in the intensive buffalo-rearing system (P = 0.006) compared to the semi-intensive 

system. In model 2, a higher TBC was associated with the winter season (P = 0.007) 

compared to the late autumn season, and milk containers were cleaned using pond water 

(P = 0.03) compared to tube-well water. In model 3, the TNAS count was significantly 

higher in the coastal or semi-coastal regions (P = 0.0003) compared to the farms in the 

river basin area. (Table 8.7). Neither confounders nor interactions were observed in the 

models. 

A higher TBC in the milk samples from the middleman node was associated with cow 

and buffalo milk (P = 0.02) compared to pure buffalo milk. TBC levels were also 

significantly higher when middlemen used milk containers with poor cleanliness (P = 

0.004) compared to excellent cleanliness (Table 8.8). No significant variables existed for 

the TSA, TNAS, and TEC models. No variables remained significant in the final 

multivariable models at the milk collection center and milk product shop level. All 

models fitted well and were free from any collinearity and heteroskedasticity. 
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Table 8.6 Univariable association between the log10-transformed bulk milk 

somatic cell count (BMSCC), total bacterial count (TBC), and total non-aureus 

staphylococcus count (TNAS) at the farm and middleman level, with various farm 

and middleman level variables using t-test or One-way ANOVA 

Columns were kept blank where the association had a P value >0.20. 

1 BMSCC is not biologically associated with the water source cleaning milk containers. 

Thus, is kept blank. 
2 BMSCC data was unavailable at the middleman level. Thus, the LBMSCC column was 

kept blank.  

 Variables Categories 
Mean (numbers of positive samples) 

Log10BMSCC Log10TBC Log10TNAS Log10TSA 

Farm level 

 

Season 

Winter 5.1 (16) 5.4 (16) 4.2 (12)  

Late autumn 5.2 (28) 4.6 (28) 3.9 (23)  

Spring 5.5 (78) 5.3 (78) 4.5 (76)  

P <0.0001 0.001 0.02  

Rearing 

system 

Semi-Intensive 5.3 (23)  4.0 (23) 3.0 (1) 

Free-

range/bathan 
5.5 (15)  4.6 (15) 3.0 (4) 

Household 5.5 (20)  4.4 (19) 3.9 (1) 

Semi-bathan 5.4 (61)  4.4 (52) 3.3 (10) 

Intensive 5.6 (3)  4.3 (2) - 

P 0.2  0.2 0.1 

Geographical 

area of the 

farms 

  

River basin 5.3 (62) 4.9 (62) 4.0 (52) 3.2 (10) 

Inland 5.5 (20) 5.3 (20) 4.4 (19) 3.9 (1) 

Coastal or semi-

costal area 
5.6 (40) 5.5 (40) 4.9 (40) 3.3 (5) 

P <0.0001 0.01 <0.0001 0.1 

The water 

source used 

for cleaning 

the milk 

containers1 

River water - 5.3 (24) 4.4 (22) 3.1 (9) 

Tube-well water - 5.0 (57) 4.1 (51) 3.4 (5) 

Pond water - 5.6 (34) 4.8 (32) 3.7 (2) 

P - 0.009 0.004 0.04 

Middleman level2 

 

Nature of 

milk 

Buffalo milk - 5.8 (62) 4.7 (61)  

Cow-buffalo 

mixed milk 

- 
6.1 (41) 5.3 (38)  

P - 0.04 0.01  

Cleanliness 

of the 

containers 

Excellent (Clean 

inside and 

outside) 

- 

5.4 (13)   

Poor - 6.3 (30)   

Good (Clean 

inside)  

- 
5.8 (59)   

P - 0.04   
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Table 8.7 Results from three multivariable linear regression models for the 

association between the log10-transformed bulk milk somatic cell count 

(BMSCC), total bacterial count (TBC), and total non-aureus staphylococcus count 

(TNAS), with farm level factors in Bangladesh expressed as co-efficient (β), 95 % 

confidence interval (95 % CI), and P values 

Models Variable name Categories β ± SE 95 % CI P 

Model 1: Bulk milk somatic cell count1 

 
 

Intercept 4.86 ± 0.09 4.67 to 5.04 < 0.001 

Season 

  

  

Winter Reference  < 0.001 

Late autumn 0.14 ± 0.09 -0.04 to 0.31  

Spring 0.51 ± 0.08 0.36 to 0.67  

Rearing system 

  

  

  

  

Semi-Intensive Reference  0.002 

Household 0.18 ± 0.08 0.01 to 0.34  

Free-range/bathan 0.21 ± 0.09 0.03 to 0.39  

Semi-bathan 0.24 ± 0.07 0.10 to 0.37  

Intensive 0.62 ± 0.17 0.27 to 0.97  

Model 2: Total bacteria count2 

  Intercept 4.59 ± 0.18 4.23 to 4.95 < 0.001 

Season 

  

  

Late autumn Reference  0.018 

Spring 0.54 ± 0.20 0.14 to 0.93  

Winter 0.63 ± 0.30 0.05 to 1.22  

The water source 

used for cleaning 

the milk containers 

Tube-well water Reference  0.026 

River water 0.22 ± 0.24 -0.25 to 0.68  

Pond water 0.50 ± 0.18 0.14 to 0.86  

Model 3: Total non-aureus Staphylococcus count3 

   Intercept 3.98 ± 0.12 3.75 to 4.22  

Geographical area 

of the farms 

  

River basin Reference  <0.001 

Inland 0.38 ± 0.23 -0.08 to 0.84  

Coastal or semi-

costal area 

0.87 ± 0.18 0.51 to 1.22  

1 Based on records from 116 buffalo farms 

2 Based on records from 111 buffalo farms 

3 Based on records from 109 buffalo farms 
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Table 8.8 Multivariable linear regression analysis of the association between the 

log10-transformed total bacterial count (TBC), with middleman level factors in 

102 middleman buffalo milk chain samples in Bangladesh expressed as co-efficient 

(β), 95 % confidence interval (95 % CI), and P values 

Variable name Categories β ± SE 95 % CI P 

 Intercept 5.87 ± 0.12 5.64 to 6.11  

Type of milk Buffalo milk Reference  0.02 

 
Cow-buffalo mixed 

milk 
0.24 ± 0.10 0.04 - 0.44  

Cleanliness of 

the containers 

Excellent Reference  0.01 

Good 0.006 ± 0.14 -0.27 - 0.28  

Poor 0.47 ± 0.16 0.16 - 0.79  

8.5 Discussion 

This study showed moderate levels of BMSCC in milk from buffalo farms and high 

levels of TBC, TNAS, and TEC at various nodes in the milk value chain. The overall 

mean BMSCC at the farm level was 254 × 103 cells per mL, which falls below the 

acceptable threshold of 400 × 103 cells per mL used for buffalo milk in Italy (Costa et 

al., 2020) and the neighboring countries, Nepal and India, (Dhakal, 2006; Alhussien and 

Dang, 2018). However, about 30 % of the herds in the present study exceeded the 

abovementioned threshold. A high SCC is considered a reliable parameter for indicating 

inflammation in the mammary gland; therefore, farms with a high BMSCC may be 

associated with possible IMI in buffalo. A previous study reported that SCC in buffalo 

quarters substantially increases in the presence of an IMI, particularly when IMI is 

mainly caused by Streptococcus spp and S. aureus (Moroni et al., 2006). This indicates 

that IMI may be the most critical factor driving BMSCC, suggesting that improving 

buffalo udder health might reduce BMSCC. 

Our study found that the spring season and intensive buffalo-rearing were associated with 

a high BMSCC level on buffalo farms. Seasonal variations in BMSCC have been 

reported in earlier studies on dairy cows and goats in the Netherlands and Canada 

(Sargeant et al., 1998; Olde Riekerink et al., 2007; Koop et al., 2009). However, the 

influence of the seasons on BMSCC is not well understood in buffalo. Nevertheless, the 

seasonal effect on BMSCC is a descriptive rather than a risk factor, and the possible 

explanations for these findings are mainly speculative. In the present study areas, buffalo 

were moved to the islands during spring, which might put the animals in a stressful 



 
138 

condition due to the long transportation (both walking and traveling by boat), with 

lactational stress as a response to the surge in milk yield. A high BMSCC may reflect 

this management stress in spring. 

In our study, larger farm sizes were observed in the intensive buffalo-rearing system, i.e., 

farm size was between 50-170 animals and generally had a high stock density, which 

may also increase the chances of spreading IMI pathogens in the herd (Bari et al., 2022). 

Nevertheless, the animals lacked access to grazing and wallowing facilities, putting them 

in stressful conditions and possibly compromising their immunity. Animals in intensive 

farms in this study were primarily high-yield, crossbred buffalo (e.g., Indigenous × Nili-

Ravi and Indigenous × Murrah). It is known that there is a correlation between high milk 

yield and increased BMSCC (Costa et al., 2020). Altogether, the increased chances of 

IMI and stressful conditions may have led to a high BMSCC on the intensive farms in 

this study. 

Buffalo farmers in the present study did not use BMSCC or any qualitative mastitis 

screening test, such as the California mastitis test. Therefore, milk quality in terms of 

udder health status from buffalo farms in this region of Bangladesh is mainly unknown. 

Our study presents BMSCC on buffalo farms for the first time in Bangladesh. Currently, 

there is no regulatory enforcement for setting a threshold for BMSCC, and there are no 

dairy herd improvement programs like those found in the USA and Canada (Hand et al., 

2012; Troendle et al., 2017). Therefore, the buffalo farmers in this study with high 

BMSCC are likely not motivated to upgrade their farm management based on BMSCC 

results. Enforcing regular testing of BMSCC and implementing a penalty or premium 

system may help regulate the farms, thereby improving udder health and milk quality on 

the buffalo farms. 

The buffalo milk chain in Bangladesh is informal and has remained underregulated in 

terms of hygiene practices. The highest level of TBC was identified in the terminal milk 

chain nodes, e.g., milk products, compared to the lowest TBC levels observed in the farm 

bulk milk. The levels of TBC at the included nodes (5.2 log10 per mL at the farm level, 

6.0 log10 at the middleman level, 6.6 log10 at milk collection centers, and 7.5 log10 per 

mL in milk products) were much higher than the acceptable threshold of 4.3 log10 (2 × 

104) per mL set by the BSTI (1009:1982), the regulatory body for food safety in 

Bangladesh. This increased level of TBC in the terminal milk chain is consistent with a 

previous study from Bangladesh (Islam et al., 2018) and in studies from other LMICs, 
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such as Rwanda and Zimbabwe (Mhone et al., 2011; Ndahetuye et al., 2020a). There 

may be several reasons for increasing levels of TBC, for example mixing milk from 

different farms, bacterial growth due to long transport times in ambient temperatures, 

and unhygienic processing steps (Artursson et al., 2018; De Vries et al., 2020; Ndahetuye 

et al., 2020a). Therefore, it is advised that microbiological evaluation of milk quality be 

enforced, and farmers should be encouraged by offering a premium price for higher milk 

quality. 

Our study demonstrated that the winter season compared to late autumn and the use of 

pond water compared to deep tube-well water for cleaning the milk containers were 

significantly associated with a higher level of TBC at the farm level. These findings can 

be partly explained by the fact that, during winter, there is usually a lowering of the water 

level in the studied areas, which makes river transport difficult by boat, causing the need 

for additional walking time to reach the mainland. On the other hand, in late autumn, the 

buffalo are transported to the mainland due to the greater availability of feed resources 

there, meaning they are closer to the location of milk collection centers on the mainland. 

This dramatically reduces the post-milking transportation time from the farm to the milk 

collection center, which may act as a protective factor in reducing bacteria contamination 

levels. 

Cleaning the milk container using tube-well water makes sense as a means of reducing 

the level of contamination compared to river or pond water. This also agrees with an 

Ethiopian study demonstrating that tap water use correlates with lower TBC than other 

water sources, such as river and pond water (Aliyo et al., 2022). Using pond and river 

water may affect the milk containers' cleanliness and compromise the milk's 

microbiological quality. Ponds or rivers are generally located close to the manure 

reservoir. They could act as a source of cross-contamination of the water used to clean 

the containers (Lopes et al., 2021). Therefore, it is recommended to use tube-well water 

to clean the milk containers, which may likely reduce the TBC. At the middleman level, 

mixed cow and buffalo milk and a poor cleanliness score for the milk containers were 

significantly associated with high TBC, consistent with the findings of Aliyo et al. 

(2022). A mix of milk from different sources resulted in an overall high TBC level. 

Hence, from the findings of this study, cleaning the milk containers with clean tube-well 

water and avoiding mixing buffalo and cow milk could improve the hygienic quality of 

the milk. 
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Non-aureus staphylococcus increased between the farm node (4.2 log10) and the milk 

products node (5.7 log10). Previous studies show that non-aureus staphylococcus species 

can colonize the teat canal of water buffalo during episodes of IMI (Pisanu et al., 2019; 

Singha et al., 2021a), this can thereby easily contaminate milk during milking. We 

identified higher levels of NAS associated with farms located in coastal or semi-coastal 

areas. In coastal or semi-coastal areas, buffalo farms are distantly located. Transportation 

depends on boats and walking, with the transport time to the milk collecting center 

reaching up to 6 hours, promoting bacterial growth. To reduce bacterial contamination 

during transportation, it is advised to use an insulated milk container with a cooling 

facility. 

An increased level of Enterobacteriaceae was recorded in the milk products (4.6 log10) 

compared to the farm bulk milk samples (2.9 log10). Other studies from Bangladesh and 

elsewhere show similar results (Mhone et al., 2011; Knight-Jones et al., 2016; Islam et 

al., 2018). Islam et al. (2018) reported that all milk samples from a chilling center and 

final processed milk were contaminated with coliforms, and two-thirds were 

contaminated with E. coli. Another study in Kenya identified that milk containers were 

frequently contaminated with coliform bacteria (Ombui et al., 1994). The presence of 

Enterobacteriaceae indicates the fecal contamination of milk. There was inadequate 

udder and milker hygiene on the farms in the present study, which might lead to milk 

contamination. This is supported by a previous study in Bangladesh (Islam et al., 2018). 

Regardless of the type of milk producers, there is a need to create motivation to follow 

the hygienic cleaning of milk containers to ensure safe milk for the consumers. Since the 

milk products is produced using a traditional natural fermentation of raw milk, producing 

raw milk products, even with cooling of milk during transport, is quite a challenge. 

Therefore, introducing pasteurization at the milk collection center level probably could 

be a feasible and useful step to improve the microbiological quality of buffalo milk 

products for example, in Noakhali and Bhola district where people primarily consume 

natural fermented buffalo milk products such as, yogurt. 

8.6 Conclusions 

The mean BMSCC was moderately high on the buffalo farms. Regular testing of BMSCC 

on the farm and microbiological evaluation of milk before milk processing is required to 

ensure safety and milk quality. Microbial contamination increased from farm to milk 
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product shops, indicating bacterial proliferation during milk transportation. Therefore, 

cooling milk during transportation could improve milk quality. Contamination by NAS 

and Enterobacteriaceae highlights insufficient hygienic practices during milking and 

subsequent milk handling. Cleaning milk containers with tube-well water and avoiding 

mixing cow milk with buffalo milk were identified as beneficial practices. Our findings 

suggest that better hygienic practices during milk handling could help reduce bacterial 

contamination and increase public safety when consuming buffalo milk and milk 

products in Bangladesh. 
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CHAPTER 9  

Prevalence of foodborne zoonotic pathogens in milk and milk products along the 

buffalo milk value chain in Bangladesh 

9.1 Abstract 

Buffalo milk and milk products are highly valued due to their superior nutritional quality 

and health benefits. Therefore, assessing the prevalence of zoonotic pathogens in buffalo 

milk is crucial for ensuring the safety of the consumers. The present study aimed to 

estimate the prevalence of important foodborne zoonotic pathogens in milk and milk 

products and identify the associated factors in Bangladesh's buffalo milk chain nodes. 

One hundred and forty-three samples were collected from farm bulk milk (n = 34), 

middlemen (37), milk collection centers (n = 37), and milk product shops (n = 35). They 

were analyzed using RT-PCR to estimate the prevalence of seven important zoonotic 

pathogens: Staphylococcus aureus, Escherichia (E.) coli, Shiga toxin-producing 

Escherichia (E.) coli O157:H7, Campylobacter (C.) jejuni, Listeria (L.) monocytogenes, 

Salmonella (S.) enterica, and Yersinia (Y.) enterocolitica. Escherichia coli was the most 

prevalent pathogen along the milk chain nodes. The prevalence of the pathogens was 

high over the buffalo milk value chain. Three classical enterotoxin-encoded genes for E. 

coli O157:H7 were tested, e.g., eae, stx1, and stx2, of which the stx2 genotype was most 

prevalent and was most common in milk products (74 %). L. monocytogenes and Y. 

enterocolitica were more prevalent in the farms (65-79 %) than in the later milk value 

chain nodes. The prevalence of S. enterica was low (0-2.9 %) in all the milk chain nodes, 

and all the samples were negative for C. jejuni. These results suggest that buffalo milk 

consumers in Bangladesh are at risk for L. monocytogenes and Y. enterocolitica in the 

farms and E. coli O157:H7 with stx2 genotype at the milk product shops. S. enterica and 

C. jejuni are not frequent contaminants of the buffalo milk chain in Bangladesh. Avoiding 

plastic made containers and dirty cloths for cleaning milk containers may help reduce the 

contamination in the buffalo milk value chain.  
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9.2 Introduction 

Foodborne diseases affect about 600 million people, resulting in 0.4 million deaths 

yearly, including 1.3 million children under five years (WHO, 2022). Microorganisms 

causing foodborne illnesses are mainly associated with consuming harmful toxins or 

chemicals contaminated with food or water (CDC, 2020). Food-producing animals act as 

the reservoir of many foodborne zoonotic diseases, and food products serve as vehicles 

for transmitting the causal agents (Heredia and García, 2018). The illness primarily 

results from ingesting contaminated foodstuffs either by the infection through vegetative 

pathogenic microorganisms or the intoxication by bacterial toxins (Addis and Sisay, 

2015). The microorganism's toxins or virulence factors are responsible for the 

pathogenesis and detrimental effects on human health (Abebe et al., 2020). Bacteria are 

associated with two-thirds of human foodborne diseases, with a relatively heavy burden 

affecting low and middle-income countries (Abebe et al., 2020). Foodborne diseases also 

have economic consequences for the healthcare system, food producers, and distributors 

and require specific attention from regulatory authorities (Abebe et al., 2020; CDC, 

2021). Despite increased global awareness of foodborne infections as a threat to public 

health safety and socio-economic development, food safety remains ignored, especially 

in low- and middle-income nations. 

Milk and milk products are nutritionally rich and considered important components for 

many healthy diets but, if contaminated, can be a source of human pathogenic 

microorganisms (Sonnier et al., 2018). Milk is a suitable growth medium for many 

microorganisms due to its high nutritional value with protein, sugars, and lipid contents 

(Monnet et al., 2015; Abebe et al., 2020). Previous studies primarily evidenced the 

presence of zoonotic bacteria in cows, sheep, and goats (Rahimi et al., 2010; Artursson 

et al., 2018; Aragão et al., 2021). Studies have found zoonotic microorganisms like 

Staphylococcus (S.) aureus, Escherichia (E.) coli, and enteropathogenic E. coli O157:H7 

in bulk milk and cheese samples from dairy cows (Boss et al., 2016; Guzman-Hernandez 

et al., 2016; Jaakkonen et al., 2019). Shiga toxin-producing (STEC) ability of E. coli 

O157:H7 was previously reported from dairy cows' milk mainly for three virulent genes 

such as stx1, stx2, and eae (Caine et al., 2014; Desmarchelier and Fegan, 2016; Disassa 

et al., 2017). Campylobacter (C.) jejuni, Listeria (L.) monocytogenes, Salmonella spp, 

and Yersinia (Y.) enterocolitica were also previously identified in cow bulk milk and 

milk products (Raeisi et al., 2017; Jaakkonen et al., 2019; Diriba et al., 2021; Gebeyehu 
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et al., 2022). Although 35 % of total milk production in Asian countries accounted for 

buffalo milk (Minervino et al., 2020), still there only a few published studies (Godinho 

et al., 2020; Khan et al., 2022) reported the prevalence of these zoonotic pathogens from 

buffalo milk in low- and middle-income countries. 

The water buffalo-rearing system in Bangladesh mainly includes free-ranging systems 

on islands in the coastal or semi-coastal areas and a semi-intensive or intensive buffalo-

rearing system in the inland. The buffalo milk trading also has different levels of 

handlers, for example, middlemen, milk collection, and milk products shops (Hamid et 

al., 2016a; Singha et al., 2021c). Bangladesh's buffalo milk value chain consists of 

activities and processes, including production, processing, trading, and consuming milk 

and milk products (Hamid et al., 2016a; Singha et al., 2021c). The farms are generally 

located remotely. Thus, transportation to the milk collection center takes a long time, and 

the absence of a milk cooling facility during transport affects milk safety (Habib et al., 

2017). Thus milk and milk products from buffalo milk could be a source for transmitting 

zoonotic pathogens between humans and animals. Guaranteeing adequate hygienic status 

at the farms and during milk handling along the stages of production is required to 

achieve quality and safety during the consumption of milk and milk-derived products. A 

considerable obstacle to adequately addressing food safety concerns is the lack of data, 

e.g., prevalence and factors associated with foodborne pathogen contamination in buffalo 

milk and milk products, which would enable policymakers to set public health priorities 

and allocate resources. 

The present study aimed to apply real-time polymerase chain reaction (RT-PCR) to 

estimate the prevalence of seven important zoonotic pathogens: S. aureus, E. coli, Shiga 

toxin-producing E. coli O157:H7, C. jejuni, L. monocytogenes, Salmonella spp, and Y. 

enterocolitica and to identify the risk factors associated with these pathogens in milk and 

milk products in the buffalo milk chain nodes in Bangladesh. 

9.3 Materials and Methods 

9.3.1 Ethical statement 

The study was approved and performed in line with the guidelines of the Sylhet 

Agricultural University Research System (AUP/21/06). Written informed consent was 
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given by the buffalo farmers, middlemen, milk collection center, and milk product shop 

owners before participation in this study. 

9.3.2 Study design 

This cross-sectional study was conducted from February 2020 to April 2021 in four 

buffalo milk chain nodes (farm, middleman, milk collection center, and milk product 

shop) in 6 districts in Bangladesh (Noakhali, Bhola, Maulvibazar, Mymensingh, 

Jamalpur, and Rajshahi). The farmers’ list was created with the help of the Upazila 

Veterinary Hospital (UVH) and a non-governmental organization named the "Palli 

Karma-Sahayak Foundation" working on buffalo farmers in Bangladesh. A list was 

created by collecting data from the buffalo farmers and local milk product shops at each 

study location. From there, the farms, middlemen, milk collection centers, and milk 

product shops were randomly recruited for this study based on the sample size estimation. 

The sample size was calculated to estimate a 50 % prevalence with 95 % confidence and 

a final margin of error of 0.17 using https://statulator.com/SampleSize/ss1P.html. We 

required 34 samples for each type of milk chain sample. 

9.3.3 Collection of samples 

One bulk milk sample was collected from each buffalo farm. Two milk samples were 

collected aseptically before mixing (middleman) and another after mixing in the milk 

collection center. Milk product samples (yogurt, cheese, and butter) were also collected 

from the study areas. Samples taken from the middlemen, milk collection centers, and 

milk product shops were not linked with the source buffalo farm. From each mixed milk 

sample (bulk milk from a farm, middleman, and milk collection center), an aliquot of 10 

mL and 30-35g of milk product (i.e., yogurt, cheese, and milk cream) were aseptically 

collected in a 15 mL and 50 mL falcon tube, respectively. Upon arrival at the laboratory, 

the samples were stored immediately on ice and at -20 ºC. 

9.3.4 Questionnaire data collection 

A questionnaire was developed and divided into four subsections to determine risk 

factors associated with the zoonotic bacteria related to the buffalo milk chain nodes. 

Section A captured data at the farm level and included 45 questions. Data included 

information such as farmers' education level, buffalo-rearing system, geographical area 

https://statulator.com/SampleSize/ss1P.html
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of the farm, the total number of lactating buffalo, dry buffalo, and average milk yield per 

day. Section A also collected data on milk containers, such as the type of milk container, 

how the containers were cleaned, and the cleanliness score of the milking containers. The 

cleanliness score was defined using three categories, based on visual observation by the 

interviewer: excellent (if no greasiness or dirt was observed inside or outside the 

container), good (if no greasiness or dirt was observed inside the container), and poor (if 

greasiness or dirt was present both inside and outside of the containers). Sections B and 

C contained 20 questions and collected information from the middlemen and collection 

centers. Data on milk transportation, such as any cooling materials inside the containers, 

the nature of milk composition (buffalo milk or a mixture of buffalo milk and cow milk), 

how the containers were cleaned, and the cleanliness score of the milk container. Section 

D included eight questions to gather information on milk products, such as the nature of 

milk, storage time, and the type of containers used. Qualitative assessments, such as the 

cleanliness score of the milk containers, were determined during sample collection 

following subjective visual observation by the interviewer. Information on mixing 

buffalo milk with cow milk was obtained by cross-questioning the middlemen or 

personnel at the milk collection centers. 

9.3.5 Genomic DNA extraction and purification 

The samples were subjected to DNA extraction in the Microbial genetics and 

bioinformatics laboratory under the Department of Microbiology, University of Dhaka, 

Bangladesh. DNA extraction was performed using Maxwell® 16 Cell DNA Purification 

Kit (Promega, UK) with the Maxwell® 16 Instrument platform (Promega, UK). One mL 

of the sample was centrifuged at 16,000 rcf for 10 minutes (Oikonomou et al., 2014). 

Then the supernatant was discarded, and the remaining pellet was used for DNA 

extraction according to the manufacturer’s instructions. The DNA samples were eluted 

in 200 μL elution buffer (Promega, UK) and were stored at -20 °C until further 

processing. DNA concentration and purity were analyzed using NanoDrop 2000 

Spectrophotometer (Thermo Fisher Scientific, Waltham, Massachusetts, USA) at a 

wavelength of 260nm and A260/A280, respectively. DNA samples were considered 

appropriate for downstream if the DNA concentration was ≥ 9 ng/ µL and 260/280 

absorbance ratios (> 1.6 to ≤ 2). Then the DNA samples were delivered to the Molecular 
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Pathology Laboratory, Department of Veterinary and Animal Sciences (DIVAS), 

Università degli Studi di Milano (UNIMI). 

9.3.6 Real-time polymerase chain reaction 

Quantitative PCR was performed following the MIQE guidelines (Bustin et al., 2009) in 

a final 15 L reaction volume using the CFX 96 System (Bio-Rad Laboratories, USA). 

Each reaction volume contained 7.5µL of 2x Mix EVA Green (SsoFast EvaGreen® 

Supermix, Bio-Rad Laboratories, USA) and primers specific for target genes (Table 9.1). 

The PCR reaction was carried out using the same thermal profile for all the targets (2 

min at 50 ºC, 3 min at 95 ºC, and 39 cycles of 10s at 95 ºC and 30s at 60º C). To assess 

melting curves, PCR products were incubated at 55 ºC for 60s then increased to 95 ºC at 

0.5 ºC increments for 10s. The PCR efficiencies were determined using four-fold serial 

dilutions of DNA, prepared from ATCC strains of the bacteria of interest, such as S. 

aureus ATCC 19048, E. coli ATCC 11229, E. coli O157:H7 ATCC 35150, Listeria 

monocytogenes ATCC 13932, Yersinia enterocollitica DSM 4780, Salmonella enterica 

ATCC 13076, and Campylobacter jejuni ATCC 33291. ATCC and DSM bacterial strains 

were obtained from the American type culture type collection (MD, USA) and German 

collection of microorganisms and cell cultures (Braunschweig, Germany), respectively. 

No template controls were included in the assays. The results were analyzed using the 

software Bio-Rad CFX Maestro 1.0 (Bio-Rad Laboratories, USA). The samples with a 

threshold of CT < 35 cycles were considered positive for the presence of the targeted 

gene. 

Table 9.1 Primer sequences used for RT-PCR to identify the presence of the 9 

target genes of seven zoonotic bacteria from the extracted DNA samples 

Primers were selected from previously published studies (Cremonesi et al., 2014; 

Cremonesi et al., 2016) 

Bacteria Gene Sequences (5’-3’) Accession 

number 

Amplico

n size 

Primer 

concentrationa 

Staphylococcus 

aureus 

htrA GAAGTAATATCAGACA 

AATCAAATCAGTACC 

NC_009782 92bp 500nM 

TCTTCCGGTAAAGTTA

ATGGCTTCTG 

 

Escherichia 

coli 

yccT GCAGCGTGGTGGCAAA

A 

CP10315 56bp 400nM 

CGTGACCACCTTGATT

GCAT 
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Escherichia 

coli O157:H7 

eae GTAACAATGTCAGAGG 

CGAGTTG 

AE005174 72bp 600nM 

CCACCGCTTGCTTTCAG

TTTAA 

 

stx1 GGATTTCGTACAACAC

TGGATGATC 

M16625 67bp 400nM 

 GATCAACATCTTCAGCA 

GTCATTACA 

 

stx2 ACCCCACCGGGCAGTT X07865 59bp 500nM 

 CGCGCCTGATAGACAT

CAAG 

 

Listeria 

monocytogenes 

inlA TAACAGACACGGTCTC

G 

CAAA 

CP013288 66bp 400nM 

TCCCTAATCTATCCGCC

TGAAG 

 

Yersinia 

enterocollitica 

yst TGGAGCATTCGGCCAA 

GAA 

X65999 60bp 400nM 

ATTGGTGTCGATAATG 

CATCACTGA 

 

Salmonella 

enterica 

invA TGGAAAGGGAAAGCC 

AGCTT 

M90846 68bp 500nM 

AATAGCGTCACCTTTG 

ATAAACTTCA 

 

Campylobacter 

jejuni 

cadF TGAACCAAGAGAAGG 

TGCTTTGT 

FJ946061 76bp 400nM 

AAAACCAAAATGACCT

TCCAAAGAAATAGTT 

 

a Appropriate primer concentration was selected based on the reproducibility (R2 > 0.99) and Efficiency (> 85 %) of 

the selected primers (forward and reverse) to detect the targeted genes specific to each of the ATCC positive controls 

(S. aureus ATCC 19048, E. coli ATCC 11229, E. coli O157:H7 ATCC 35150, Listeria monocytogenes ATCC 13932, 

Yersinia enterocollitica DSM 4780, Salmonella enterica ATCC 13076, and Campylobacter jejuni ATCC 33291). 

9.3.7 Statistical analysis 

Data analysis was performed using R (version 4.2.2; R Foundation for Statistical 

Computing, Vienna, Austria). The presence of the zoonotic bacteria (S. aureus/ E. coli/ 

E. coli O157:H7/ L. monocytogenes/ Y. enterocollitica/ S. enterica/ C. jejuni) was a 

binary outcome variable (yes or no). The prevalence of each pathogen was calculated for 

each milk chain node, namely, bulk milk, middleman, milk collection center, and milk 

products, by dividing the total number of positives by the total number of samples tested. 

A chi-squared test was performed to analyze the difference in the prevalence of each 

pathogen between the four different milk chain nodes. For categorical variables, a 

Fisher’s exact test was performed to compare the difference between categories of a 

variable for each RT-PCR positive zoonotic pathogen. Variables with a P ≤ 0.2 were 
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presented with the prevalence of RT-PCR-positive zoonotic pathogens and 

corresponding P-values. 

9.4 Results 

9.4.1 Descriptive statistics 

Table 9.2 shows that 143 samples were collected, comprising 108 bulk milk samples 

from three different milk chain nodes (farm, middleman, and milk collection center) and 

35 milk products (yogurt, cheese, and buttermilk) from the milk product shops. 

Table 9.2 Distribution of milk and milk product samples (N = 143) collected at 

four different buffalo milk chain nodes in 6 districts of Bangladesh 

District Farm 

bulk 

milk 

Middleman Milk 

collection 

center 

Milk product shop Total 

number of 

samples 
Yogurt Cheese Buttermilk 

Rajshahi  4 1 8 2 3 - 18 

Jamalpur 6 4 3 2 - - 15 

Mymensingh 4 3 2 - - - 9 

Maulvibazar 4 4 8 - 3 2 21 

Bhola 5 5 5 10 - - 25 

Noakhali 11 20 11 12 1 - 55 

Total 34 37 37 26 7 2 143 

9.4.2 Prevalence of the zoonotic bacteria along the buffalo milk chain 

The overall prevalence of most pathogens in milk and milk products was very high. Table 

9.3 shows that E. coli was the most prevalent (81-97 %) pathogen along the buffalo milk 

chain nodes and had an exceptionally high prevalence in farm bulk milk. The presence 

of E. coli O157:H7 virulence-specific genes such as eae and stx2 genes significantly 

differed along the milk chain and was higher in milk products than at the farm level. The 

prevalence of S. aureus increased over the milk value chain, but L. monocytogenes and 

Y. enterocolitica decreased over the milk chain and started extremely high in farm bulk 

milk. The prevalence of Salmonella spp. was relatively low (0-2.9 %), and C. jejuni was 

absent along the milk value chain. 
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Table 9.3 Prevalence of RT-PCR identified zoonotic pathogens from the milk and 

milk product samples (N = 143) collected from 6 buffalo-concentrated districts of 

Bangladesh. 

Pathogen name 

Samples collected at the milk value chain nodes (N = 143) 

P a 

Farm 

bulk milk 

(34) 

Middleman 

(37) 

Milk collection 

center (37) 

Milk products 

(35) 

Number of positives (%) 

S. aureus 3 (8.8) 5 (13.5) 8 (21.6) 11 (31.4) 0.081 

E. coli 33 (97.1) 30 (81.1) 33 (89.2) 31 (88.6) 0.207 

E. coli O157:H7 eae 1 (2.9) 3 (8.1) 11 (29.7) 12 (34.3) 0.001 

E. coli O157:H7 stx1 3 (8.8) 0 (0.0) 0 (0.0) 3 (8.6) 0.081 

E. coli O157:H7 stx2 17 (50.0) 10 (27.0) 13 (35.1) 26 (74.3) <0.001 

Listeria 

monocytogenes 
22 (64.7) 16 (43.2) 2 (5.4) 5 (14.3) <0.001 

Yersinia 

enterocolitica 
27 (79.4) 0 (0.0) 7 (18.9) 1 (2.9) <0.001 

Salmonella enterica 1 (2.9) 0 (0.0) 5 (13.5) 1 (2.9) 0.04 

Campylobacter 

jejuni 
0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) - 

a P value was obtained from a chi-squared test by comparing each zoonotic pathogen 

prevalence among the samples from four buffalo milk chain nodes (farm bulk milk, 

middleman, milk collection center, and milk product). 

9.4.3 Factors associated with the prevalence of the zoonotic pathogens in the buffalo milk 

chain 

Several variables were associated with the prevalence of zoonotic pathogens in the 

buffalo milk chain nodes (Table 9.4). Importantly, bulk milk from the buffalo farms in 

the Bhola district had a higher prevalence of L. monocytogenes and Y. enterocolitica than 

in the other districts. The prevalence of E. coli O157:H7 was higher in free-ranging (62 

%) than in the intensive (25 %) buffalo-rearing system. At the middleman level, milk 

containers that were dried using cloth had a higher prevalence of E. coli O157:H7. Plastic 

milk containers had a higher prevalence of S. aureus and E. coli O157:H7 at the 

middleman or milk collection centers. At the milk collection center level, S. enterica and 

Y. enterocolitica had a higher prevalence in buffalo-cow mixed milk than pure buffalo 
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milk. In the milk products, the prevalence of E. coli O157:H7 eae was higher in cream 

and yogurt than the cheese. 

Table 9.4 Univariable association between variables associated with the 

prevalence of zoonotic pathogens (P < 0.20) on 143 samples collected from four 

milk chain nodes (farm, middleman, milk collection center, and milk product 

shop) in six buffalo concentrated districts of Bangladesh 

Milk value 

chain 
Variables Categories N 

S. aureus E. coli E. coli O157:H7 Y. enterocolitica 

Positiv

e (%) a 
P b 

Positive 

(%) 
P 

Positiv

e (%) 
P 

Positive 

(%) 
P 

Bulk milk  

(n = 34) 

Season 

Late autumn 11   
11 

(100.0) 
0.12 

3 

(27.3) 
0.14 

11 

(100.0) 
0.01 

Spring 19   
19 

(100.0) 
 

12 

(63.2) 
 

15 

(78.9) 
 

Winter 4   3 (75.0)  
3 

(75.0) 
 1 (25.0)  

District 

Noakhali 11     
6 

(54.5) 
< 0.01 9 (81.8) 0.02 

Bhola 5     
5 

(100.0) 
 

5 

(100.0) 
 

Maulvibazar 4     
3 

(75.0) 
 1 (25.0)  

Mymensingh 4     
3 

(75.0) 
 

4 

(100.0) 
 

Jamalpur 6     0 (0.0)  
6 

(100.0) 
 

Rajshahi 4     
1 

(0.25) 
 2 (50.0)  

Rearing system 

Free-range 26     
16 

(61.5) 
0.11   

Intensive 8     
2 

(25.0) 
   

Milk container 

cleaning 

frequency per 

day 

Once 29         

Twice 4         

Do they dry the 

milk containers 

upside down? 

Yes 30       
25 

(83.3) 
0.18 

No 4       2 (50.0)  

Keep bulk milk 

containers open. 

Yes 30     
18 

(60.0) 
0.08   

No 3     0 (0.0)    

Sieving the bulk 

milk 

Yes 2         

No 32         

Milkers’ 

hygiene 

Good 9       
9 

(100.0) 
0.15 

Poor 25       
18 

(72.0) 
 

Previous history 

of clinical 

mastitis in the 

last 12 months 

Yes 31   
31 

(100.0) 
0.09     

No 3   2 (66.7)      

Mixing CM 

milk in the bulk 

milk 

Yes 27       
23 

(85.2) 
0.13 

No 7       4 (57.1)  
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Middleman 

(n = 37) 

District 

Noakhali 20   19 (0.0) 0.01     

Bhola 5   4 (80.0)      

Maulvibazar 4   3 (75.0)      

Mymensingh 3   
3 

(100.0) 
     

Jamalpur 4   1 (25.0)      

Rajshahi 1   0 (0.0)      

Season 

Late autumn 7   4 (57.1) 0.06     

Spring 6   4 (66.7)      

Summer 20   
19 

(95.0) 
     

Winter 4   3 (75.0)      

Type of 

container 

Aluminum 13 4 (30.8) 0.05       

Plastic 23 1 (4.3)        

Type of trader 

Farmer or 

middleman 
18   

12 

(66.7) 
0.09     

Wholesalers 16   
15 

(93.8) 
     

How the 

container is 

dried 

Sundry 15   
14 

(93.3) 
0.17 1 (6.7) 0.01   

Cloth or 

tissue 
16   

11 

(68.8) 
 

9 

(56.3) 
   

Milk 

collection 

center  

(n = 37) 

Type of trader 

Farmer or 

middleman 
20         

Wholesalers 17         

Nature of milk 

Buffalo milk 25       1 (4.0) < 0.01 

Buffalo-cow 

mixed milk 
11       6 (54.5)  

Type of 

container 

Aluminum 14     
4 

(28.6) 
0.17   

Plastic 18     
10 

(55.6) 
   

Tin 4     
3 

(75.0) 
   

Milk 

product shop 

(n = 35) 

Type of 

products 

Yogurt 26         

Cheese 7         

Cream 2         

Type of 

container 

Earthen 10 2 (20.0) 0.04       

Plastic 18 9 (50.0)        

Glass 7 0 (0.0)        

9.5 Discussion 

Our study aimed to estimate the prevalence and identify the risk factors associated with 

the presence of zoonotic pathogens such as., S. aureus, E. coli, pathogenic E. coli 

O157:H7 strains encoded by three selected genes such as., eae, stx1, and stx2, L. 

monocytogenes, Y. enterocollitica, S. enterica, and C. jejuni in buffalo milk chain in 

Bangladesh. The prevalence of E. coli was high (81-97 %) along the buffalo milk chains 

in our study, but it was significantly high (97 %) in farm bulk milk. A prior study in 

Vietnam showed a high prevalence of E. coli (71 % in the rectal swabs) in water buffalo 

(Vu-Khac and Cornick, 2008). Another study in Bangladesh found a higher prevalence 
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of E. coli. (84 %) in slaughtered water buffalo fecal samples (Islam et al., 2008). Several 

investigations in dairy cows demonstrated that the prevalence of E. coli was 

comparatively lower in bulk milk (22-34 %) than in the milk collection centers (39 %) 

and traditional cheese prepared from raw milk (80 %) (Awadallah et al., 2016; Disassa 

et al., 2017; Ranjbar et al., 2018; Liu et al., 2021). However, no previous study has been 

conducted to explore the prevalence of E. coli in milk along the buffalo milk value chain.  

Escherichia coli contamination in buffalo farms may result from fecal contamination in 

bulk milk (Coroian et al., 2010; Desmarchelier and Fegan, 2016). E. coli can also 

contaminate the milk through infected food handlers who practice poor personal hygiene 

or by water-containing human discharges (Chye et al., 2004). Earlier studies in dairy 

cows showed that a high prevalence of E. coli in milk was also associated with poor 

cleaning of milk containers, storing milk for a prolonged period (> 4 hours) without any 

refrigeration, prevalence of mastitis, and no disinfection of water or feed equipment 

(Awadallah et al., 2016; Disassa et al., 2017). These factors can also be linked to our 

study situation, where most of the buffalo farms were located on the islands, where it 

took a long time (4-6) hours to reach the milk collection centers. Finally, 91 % of the 

farmers kept open during hand milking, and milk hygiene was poor, e.g., 76 % of milkers 

did not use any antiseptics or wash their hands before hand-milking, and about 82 % of 

the farmers mixed the CM milk samples in the bulk tank. The cold chain was not 

maintained, and hygiene was poor during handling, possibly related to E. coli 

contamination in bulk milk in buffalo farms in Bangladesh. It is suggested that overall 

hygiene should be improved to reduce the E. coli contamination in Bangladesh's buffalo 

milk value chain. 

In this study, STEC E. coli virulent genes such as eaeA, stx1, and stx2 increased over the 

buffalo milk chain, especially since the prevalence of stx2 was high in farms (50 %) and 

milk products (74 %). Prevalence of stx-2 exceeded the studies on water buffalo in Italy 

(1 %) and Vietnam (30 %) (Borriello et al., 2012; Liu et al., 2021). The prevalence of 

stx1 and eaeA (5-11 %) at buffalo farms in these studies is consistent with our findings. 

However, a Bangladeshi study reported a higher prevalence (82 %) of stx1 or stx2 in 

water buffalo (Islam et al., 2008). These studies used feces or rectal swabs, not buffalo 

milk. Previous studies in dairy cows demonstrated that these virulent genes varied from 

bulk milk to milk filters. In bulk milk, eaeA (5-18 %), stx-1 (6-9 %), and stx2 (5-8 %) 

were detected with a lower prevalence, whereas was increased in milk filter, eaeA (64 
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%), stx1 (46 %), and stx2 (27 %) (Sonnier et al., 2018). A recent Bangladeshi study 

demonstrated a higher prevalence of stx1, stx2, and eae (40-57 %) in cattle, poultry, and 

human diarrheal patients (Parvej et al., 2020). However, it is not known if transmission 

occurred between livestock and human. In a free-range system, buffalo, cattle, sheep, and 

sometimes chicken and duck are reared in the same farm area where buffalo farm workers 

mainly live closely within the farm boundary. Therefore, in the buffalo-rearing system, 

there could be a risk of the spread of these virulence genes in close interaction between 

human and livestock species. Previous studies on dairy cows show that using plastic-

made milk containers and milk handling at the middleman were associated with a higher 

prevalence of E. coli O157:H7 (Disassa et al., 2017). Poor hygiene during the 

transportation and processing of raw buffalo milk by the middleman, milk collection 

center, and milk product shops may contaminate the milk with E. coli virulence genes in 

the buffalo milk chain. However, further studies are needed to identify the transmission 

routes to establish effective control measures for pathogenic E. coli O157:H7 

contamination in the buffalo milk value chain. 

The prevalence of S. aureus in our study ranged between 9-31 % increasing over the 

buffalo milk value chain in our study. A previous study in Ethiopia showed that the 

prevalence of S. aureus was 16 % in buffalo bulk milk which is higher than this study 

(Mansour et al., 2017). The increasing trend of S. aureus is not comparable since no 

previous study reported the prevalence of S. aureus in the buffalo milk chain other than 

bulk milk. In dairy cows, previous studies show that the prevalence of S. aureus was 

higher in cheese (33-40 %) than in bulk milk (13-25 %) (Alghizzi and Shami, 2021; 

Lemma et al., 2021). The presence of S. aureus in raw milk might be due to clinical or 

subclinical mastitis or during unhygienic handling and milk processing. It may threaten 

potential public health hazards for humans (Pyz-Łukasik et al., 2015). Previous studies 

in dairy cows showed that rearing systems, farm size, poor hygiene during milk handling, 

and water source for cleaning the milk containers could be associated with the higher 

prevalence of S. aureus in bulk milk (Borena et al., 2023). A high stocking density was 

observed in the buffalo farms due to inadequate land, and the farms were very closely 

located to each other, which could increase the chances for transmission of S. aureus 

within herds. 

The prevalence of L. monocytogenes and Y. enterocolitica was high in the buffalo farms 

but was lower in later milk value chains. Previous studies in dairy cows demonstrated 
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that the prevalence of Listeria monocytogenes was higher in raw bulk milk (19-40 %), 

which was higher than in traditional milk products such as Yogurt (5 %), butter (1 %), 

cheese (8 %) (Seyoum et al., 2015; Akrami-Mohajeri et al., 2018). However, no previous 

study reported the prevalence of Listeria spp. in water buffalo. Similarly, Y. 

enterocolitica was also found as prevalent in bulk milk from dairy cows (32-46 %) and 

water buffalo (25 %) but was low in milk products, e.g., commercial or traditional cheese 

(0-12 %) and yogurt (0 %) (Rahimi et al., 2014; Darwish et al., 2015). Listeria is known 

as widely distributed in natural environments such as soil and may survive in broader 

temperatures ranging from 0-45 ºC (Liu et al., 2005). A previous study reported a high 

prevalence of L. monocytogenes (20 %) in dairy silos (Waak et al., 2002). Another study 

corroborated that poor silage quality and poor animal cleanliness were mainly associated 

with the exogenous contamination of L. monocytogenes in bulk milk (Sanaa et al., 1993). 

Water buffalo in Bangladesh generally depends on grazing and green roughages with 

contaminated soil which could be associated with an increased prevalence of L. 

monocytogenes at the farm bulk milk. Yersinia enterocolitica was associated with a 

higher prevalence in the Autumn season in Iran. During autumn, the temperature is 

neither low nor high, which could provide a better growth requirement for Y. 

enterocolitica (Darwish et al., 2015). However, a previous study reported that L. 

monocytogenes and Y. enterocolitica did not grow at a low pH (< 4.5) and temperature 

ranging from 5-19 ºC (Bhaduri et al., 1995). Processing of traditional buffalo milk 

products probably increases the acidity of the milk products which alternatively may 

reduce the contamination by L. monocytogenes and Y. enterocolitica in buffalo milk 

(Rahimi et al., 2014; Darwish et al., 2015). To reduce the prevalence at the bulk milk 

pasteurization of the milk may help reduce the contamination by L. monocytogenes and 

Y. enterocolitica in Bangladesh. 

Salmonella enterica was hardly found (0-2.9 %), and C. jejuni was absent in all the 

buffalo milk value chain samples. Previous studies in Ethiopia demonstrated the 

prevalence of Salmonella spp varied between 10-20 % in bulk milk and milk collection 

centers (21 %) in dairy cows (Geletu et al., 2022), which was higher than the prevalence 

(0-4 %) in buffalo milk in Brazil and India (Godinho et al., 2020; Khan et al., 2022). For 

optimum growth in milk, Salmonella requires 35-37 ºC (El-Gazzar and Marth, 1992). 

Therefore, the higher prevalence of Salmonella is probably related to a high ambient 

temperature in Ethiopia (ranging from 17 to 37 ºC) which is much lower in Bangladesh 
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(18-28 ºC) (CCKP, 2021a, b). Prevalence of C. jejuni was mainly reported from bulk 

milk in dairy cows ranging from 3.1 to 20 % in different countries such as., Italy, 

Tanzania, and Egypt (Serraino et al., 2013; El-Zamkan and Hameed, 2016; Kashoma et 

al., 2016). However, studies on water buffalo are limited except for Serraino et al. (2013), 

who reported the absence of C. jejuni in water buffalo farms in Italy. Our findings may 

suggest that raw milk and milk production from the water buffalo milk chain were safe 

from contamination by Salmonella enterica and C. jejuni in Bangladesh. 

In our study, we found the district was a risk factor, and the bulk milk samples collected 

from the Bhola district had a high prevalence of E. coli O157:H7, Y. enterocolitica, and 

Listeria monocytogenes (80-100 %). The district was linked with the buffalo-rearing 

system. For example, the Bhola district had only a free-ranging system, with a higher 

prevalence of E. coli O157:H7 than the intensive system. This makes sense because 

grazing is the mainstay of free-range farms where milk can be contaminated with soil 

and dirt during handling. Because of inadequate hygiene procedures during milk 

handling and insufficient transport facilities in remote areas, longer transit durations were 

necessary, which may have contributed to increased bacterial contamination in the Bhola 

district. 

Milk container material and drying method was found to be a risk factor for the 

contamination by E. coli O157:H7 and S. aureus at the middleman and milk product 

shops. Plastic-made containers had a higher prevalence of E. coli O157:H7 eae and S. 

aureus. Plastic milk containers are more complicated to clean than glass or stainless-steel 

ones, and spoilt milk from the day before can readily contaminate with pathogenic 

microorganisms (Disassa et al., 2017). The use of cloth was more often related to a higher 

prevalence of E. coli O157:H7 than sun drying the container. The cloths used to clean 

and wipe the containers were unclean and occasionally used by the staff for their own 

usage, so they could contaminate milk during shipment if overused. 

9.6 Conclusions 

The prevalence of STEC E. coli O157:H7 and S. aureus, potential human pathogenic 

organisms, increased along the buffalo milk value chain in Bangladesh. On-farms, 

however, Y. enterocolitica and L. monocytogenes were the most common. Pathogenic 

bacteria in milk can be reduced by replacing plastic milk containers with glass or stainless 

steel and not using a dirty cloth to clean them. Our findings indicate numerous pathogenic 
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zoonotic bacteria circulating throughout the buffalo milk value chain, posing an 

emerging risk to public health safety and necessitating identifying appropriate 

interventions in future studies. 
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CHAPTER 10  

GENERAL DISCUSSION 

The thesis aimed to assess the udder health and milk quality in water buffalo by studying 

1) the prevalence and risk factors of SCM and IMI-causing pathogens and 2) bacterial 

contamination and the prevalence of zoonotic pathogens in the buffalo milk value chain 

in Bangladesh. The practical importance of the study findings of this thesis and their use 

as a means to improve udder health and milk quality will be discussed in this chapter. 

The chapter will start with a summary of the main results of this thesis. 

10.1  Main findings of the thesis 

10.1.1 Water buffalo udder health 

In previous studies, the risk factors for SCM in water buffalo were largely unknown, 

with little available information on water buffalo SCM and IMI in Bangladesh (Chapter 

4). An important finding of this thesis was the high prevalence of animal and quarter 

level SCM, with the overall mean BMSCC being satisfactory. A higher prevalence of 

SCM and BMSCC was observed in intensive farms than in free-range or semi-intensive 

farms. Funnel-shaped teats and asymmetrical udders were associated with a high 

prevalence of SCM (Chapter 6). Non-aureus staphylococci were the most prevalent IMI-

causing pathogens and showed marked resistance to penicillin (Chapter 5). Poor milking 

hygiene and cleanliness of the hind quarters were associated with a higher prevalence 

of NASM. A significant difference between farm IMI and BMSCC indicated room for 

improvement (Chapter 7). In conclusion, udder health can partly be improved by 

employing better milking hygiene, animal cleanliness, and controlled breeding in 

buffalo farms in Bangladesh. 

10.1.2 Milk quality 

Milk handling operations are diverse in different buffalo-rearing systems. Therefore, 

similar control measures might not be equally effective. A progressive TBC, TNAS, and 

TEC increase was observed over the milk value chain. At the farm level, higher bacterial 

contamination occurred in coastal areas than in river basin areas and when the milk 

container was cleaned using pond or river water rather than tube-well water. Mixing cow 

milk with buffalo at the middleman level increased bacterial contamination (Chapter 8). 
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The overall prevalence of most zoonotic pathogens in milk and milk products was very 

high. The prevalence of STEC E. coli O157:H7 and S. aureus increased over the milk 

value chain. On-farms, Y. enterocolitica, and L. monocytogens were the most prevalent 

pathogens. Using plastic milk containers compared to glass containers and wiping the 

milk containers using the same cloth were associated with zoonotic bacterial 

contamination at the middleman and milk collection center levels (Chapter 9). 

10.2  Importance of the findings 

10.2.1 Water buffalo udder health 

It is known that udder health is challenging in dairy farms as it reduces milk production 

and affects milk products' overall technological traits (Bobbo et al., 2017; Pegolo et al., 

2022). Even after technological improvements and veterinary support, mastitis remains 

one of the significant critical threats to the dairy industry, affecting animal welfare, 

increasing the costs associated with treatment and replacement of productive animals, 

and creating a risk for public health through the dissemination of antimicrobial resistance 

(Neculai-Valeanu and Ariton, 2022; Ferchiou et al., 2023; Prack McCormick et al., 

2023). To make an accurate decision, it is crucial to ensure that the mammary gland of a 

high-yielding animal should be protected against the possible intrinsic and extrinsic 

factors predisposing an animal to IMI. Mastitis is a multifactorial disease, and therapeutic 

management is mainly ineffective (Zigo et al., 2021; Zapata-Salas et al., 2022). 

Therefore, there is an utmost necessity to identify the risks and initiate control, 

prevention, and promotion of mastitis by employing udder health monitoring programs. 

To fulfill this aim, we demonstrated several risk factors for SCM and IMI in water buffalo 

(Chapters 5-7), which could provide a sound basis for interventions to improve udder 

health in water buffalo in Bangladesh. 

10.2.2 Milk quality 

Milk quality can be assessed through nutritional composition, somatic cell count (SCC), 

and microbial contamination. Buffalo milk is superior to cows’ milk because of its higher 

nutritional value. Particularly buffalo milk possesses higher levels of fat, lactose, 

proteins, and vitamins, including vitamins A and C. Buffalo milk fat is less stable and 

has larger fat globules and more saturated milk fatty acids. The protein in Buffalo milk 

has larger casein micelles and is enriched with minerals (Abd El-Salam and El-Shibiny, 
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2011). Previous studies have demonstrated that high-SCC milk affects the organoleptic 

grade of yogurt, coagulation, eye production, and ripening in cheese-making (Li et al., 

2014; Moradi et al., 2021). Consumption of raw buffalo milk is becoming more popular 

among consumers because raw milk is typically thought to be superior in organoleptic 

properties of milk such as greater taste and flavor, which many feel may be reduced in 

pasteurized or boiling milk. Milk consumption may contribute to public health risks 

when milk is consumed in the form of raw milk, mainly if the milk contains potential 

pathogenic microorganisms for humans (Abebe et al., 2020). Several outbreaks have 

been reported caused by consuming raw milk (Verraes et al., 2015). Therefore, 

identification of the risk factors and effective control and prevention measures are 

necessary to prevent zoonotic pathogens from contaminating the buffalo milk chain in 

Bangladesh. To meet this need, several possible interventions within the buffalo milk 

chain may be considered based on our study findings (Chapter 6, 8-9) to improve the 

BMSCC and reduce the bacterial contamination in milk, which may influence the quality 

of milk products and ensure the safety of milk consumers. 

10.3  Application of the findings 

10.3.1 Design of tools to improve milk quality 

There is a need to design tools to advise buffalo farmers on improving productivity and 

milk quality through better feeding, milking and hygiene, animal health, and breeding 

(Hayashi et al., 2014; Vyas et al., 2020). These tools should support farmers' 

implementation of evidence-based practices (Derks et al., 2014). Based on our suggested 

interventions, the buffalo milk value chain could be designed with diagnostic tests, 

quality control, and incentive programs to enhance product quality and consumer 

satisfaction and increase the market for buffalo milk in Bangladesh. 

10.3.2 Designing the interventions 

We identified several problems at the primary production level on farms, mainly related 

to the lack of knowledge farmers had of buffalo husbandry and health. The issues at the 

level of the milk chain organization were related primarily to long and poorly managed 

transport chains and poor quality control at milk collection centers and retail. Altogether, 

these problems lead to low milk yield per animal and a lack of enthusiasm from farmers 

to shift from cow to buffalo production. To solve these problems, there is a need for (1) 
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education of the farmers, (2) better organization of the milk chain, and (3) better buffalo 

genetics. If addressed together, we expect buffalo production to improve substantially 

regarding milk yield per animal, the number of animals and farms, and better product 

quality and food safety. 

10.3.3 Implementation of the interventions  

A systemic redesign towards improved production and the safety of buffalo milk is also 

required to implement interventions successfully. One possible way to achieve these 

transformational changes is "Reflexive interactive design". This approach aims to 

achieve design goals for sustainable development by addressing complex problems, 

focusing on the main actors of the system, such as animals, farmers, middlemen, and 

finally, the consumers (Romera et al., 2020). It also needs to assess the farmers' 

perceptions towards the interventions to attain the well-being of humans and animals and 

to reconnect the new system with the rest of society. The socio-cultural and politico-

economical structure which leads to the farmers' decisions can be studied using a 

perception studies approach, such as ethnographic fieldwork and frame analysis (Jackson 

et al., 2022; Ida et al., 2023). Finally, the interventions may be applied and assessed for 

successful improvements, which can then be introduced into policy-making to support 

farmers’ uptake of the practices on farms. 

10.4  Limitations of the study 

10.4.1 Generalizability of the findings 

Some results for the prevalence of SCM, IMI, and BMSCC could be less useful shortly, 

whereas others will be useful. For example, a free-range system may not be sustainable 

due to the limited availability of fallow pastureland, while semi-intensive systems can 

extend further. However, these effects on the generalizability of this study's conclusion 

are probably limited because the maximum number of buffalo farms was included from 

different buffalo-rearing systems in Bangladesh, representing the actual buffalo 

population contributing to milk production in the country. 

10.4.1.1 Small sample size and reliability of diagnostic tests of zoonotic pathogens 

The sample size for the zoonotic pathogens study for the buffalo milk value chain was 

reasonably low for identifying the risk factors. However, this was the first study to 
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determine the prevalence of several zoonotic pathogens from Bangladesh's water buffalo 

milk chain. Some hypotheses on the most critical factors associated with zoonotic 

pathogen contaminations were generated. Also, the use of PCR in this study may not be 

able to differentiate between live and dead organisms. However, this is also probably a 

minor limitation of this study because, in practice, there is a lack of biosafety-ensured 

laboratory facilities to culture zoonotic pathogens in buffalo-concentrated areas. 

Therefore, PCR would probably be a more convenient and rapid process to use as a 

diagnostic test for identifying zoonotic pathogens from buffalo milk and milk products.  

10.5  Significance of the study from the broader perspectives  

10.5.1 Historical perspectives 

Milk is an energy and nutrient-dense food that can help prevent starvation, malnutrition, 

and stunting. Milk is a biological fluid that is more accessible than any other source of 

nutrients in developing countries (Prasad and Kothari, 2021; Kh'ng et al., 2022; Cimmino 

et al., 2023). In Bangladesh, national milk production is insufficient to serve the entire 

population (DLS, 2022). In this situation, ruminant production is encouraged in response 

to their capability of transforming low-quality feed into milk. However, cattle have 

already been exploited in the country through crossbreeding and intensifying the 

intensive system; therefore, further improvement would create a greater demand for feed 

resources. On the other hand, buffalo have been an important livestock species in Asia 

for a long time (Samad, 2020), and buffalo milk production can be exploited, contributing 

sufficiently to meeting the current milk deficit to ensure food security. 

10.5.2 Climate change 

Continuous climate change strongly affects low-lying Bangladesh, making the country 

less fit for dairy cattle production and directly threatening people’s income and food 

security. Mitigating actions are therefore urgently needed. Due to the resilience of water 

buffalo to high salt concentrations, the water buffalo is one of the best livestock species 

for coping with the new situation resulting from climate change (Samad, 2020). 

However, we should also rethink increasing the livestock population, taking a lesson 

from many developed countries that are now trying to reduce the detrimental effect of 

livestock on climate change (Bennetzen et al., 2016). Other alternative food sources are 

also rising in global interest, including plant-based milk, vegan meals, and laboratory-
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grown food replacing animal-derived food (Fresán and Sabaté, 2019; Goma and Phillips, 

2021; Tong et al., 2022). However, optimal land use can be met by utilizing livestock 

and is necessary to protect the ecosystem. We should consider increasing dairy 

production in a sustainable livestock production system while emphasizing reducing the 

effect on the climate, e.g., enteric methane emission (Kebede et al., 2014; Carlson et al., 

2023).  

  

10.5.3 Problems other than udder health 

Buffalo udder health is an important issue to address when attempting to meet milk 

production demand and ensure the quality of buffalo milk. However, the present study 

did not cover other research areas needing further research to ensure animal health. 

Parasitic and other infections, reproductive problems, and nutritional deficiencies 

remained significant problems for water buffalo health (Kumar, 2009; Harizt et al., 

2021). Alongside these, heat and oxidative stress affect immunity and predispose the 

production and progression of many diseases in water buffalo; they also need future 

research (Kapila et al., 2018; Yadav et al., 2021). 
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CHAPTER 11  

SUMMARY 

The study aimed to assess the udder health and quality of milk and milk products along 

Bangladesh's water buffalo milk value chain. 

Chapter 1: Includes the general introduction illustrating the scientific gaps and presents 

the dissertation's aims. 

Chapter 2: Review of literature, highlighting the potential for water buffalo population 

and milk production and current knowledge by scrutinizing the scientific publications. 

Chapter 3: Overview of the methods, selection, and surveying of the study area, animal 

selection, sampling, and laboratory examination, followed by the statistical analysis. 

Chapter 4: Prevalence, etiology, and risk factors for subclinical mastitis in water buffalo 

(Bubalus bubalis): A systematic review and meta-analysis. 

A systematic review and meta-analysis were performed to determine the quarter level 

pooled prevalence of SCM in water buffalo, the distribution of pathogens causing IMI, 

and associations between herd, animal, and quarter-related risk factors and the 

prevalence of SCM. Publications on SCM in water buffalo were retrieved from four 

electronic databases (PubMed, Scopus, Embase, and Web of Science). A total of 53 

publications were deemed eligible for the study, providing data on 8,958 buffalo and 

34,125 quarters. The pooled prevalence of SCM was 21 % (95 % CI 16-26 %) at the 

quarter level. S. aureus was the most frequently reported bacterial species causing IMI 

(23 %; 95 % CI 14-33 %), followed by E. coli (13 %; 95 % CI 8-19 %). SCM risk factors 

in water buffalo were assessed by aggregating data from publications in the systematic 

review. This showed that soil-based flooring, the absence of dry cow therapy, a young 

age, early lactation stage, and bottle-shaped teats are associated with increased SCM 

prevalence. However, risk factors for SCM in water buffalo are primarily unknown, 

indicating a need for further studies. This systematic review and meta-analysis revealed 

that SCM is a significant disease affecting the water buffalo population worldwide. This 

suggests a need for wide-scale implementation of management practices based on 

scientific evidence to achieve adequate disease control. However, this field has a sizeable 

global knowledge gap, as the risk factors for SCM in water buffalo are mainly unknown. 

Therefore, studies are needed to identify risk factors for SCM in water buffalo. 
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Chapter 5: Occurrence and etiology of subclinical mastitis in water buffalo in 

Bangladesh: A Pilot study. 

A pilot study was conducted on sixteen buffalo farms in Bangladesh's Bagerhat and 

Noakhali regions, and a bulk milk sample was collected from each farm. In addition, 299 

udder quarter milk samples were collected from 76 animals. The farm bulk milk samples 

were assessed using direct SCC, and the quarter milk samples using CMT. The 

occurrence of SCM calculated at the quarter and animal levels was 42.5 % and 81.6 %, 

respectively. Milk samples from 108 CMT-positive quarters in 48 animals and 38 

randomly selected CMT-negative quarters in 24 animals were investigated using 

bacteriological culture. Estimated mean bulk milk SCC was 195,000 cells per mL of 

milk. The estimated quarter level intramammary infection (IMI) on culture was 40.4 %. 

The identity of isolated bacteria was confirmed using MALDI-TOF mass spectrometry. 

Non-aureus staphylococci were the most common pathogens (24.7 %); among 36 NAS 

tested, 36.1 % were resistant to penicillin. Thus, SCM was high on the study farms, with 

relatively high penicillin resistance in NAS.  

Chapter 6: Prevalence and risk factors for subclinical mastitis in water buffalo (Bubalis 

bubalis) in Bangladesh. 

A nationwide cross-sectional study was carried out to estimate the prevalence and the 

associated risk factors of SCM in water buffalo. The study represented five rearing 

systems: free-range, semi-free-range, household, semi-intensive, and intensive, 

providing 3,491 functional quarters from 880 lactating buffalo on 248 farms. The CMT 

score was used to identify SCM. Bulk milk samples (n = 242) were used for farm level 

BMSCC. Quarter and buffalo-level risk factors for SCM were measured using 

questionnaires and observations. The overall SCM prevalence was high, at 27.9 % at the 

quarter level and 51.5 % at the buffalo level. The geometric mean BMSCC was 217,000 

cells per mL of milk, which is low on average, but some farms could improve 

substantially. The buffalo-rearing system, udder location (left versus right), teat shape, 

udder asymmetry, number of milkers, and presence of a quarantine facility were all 

associated with buffalo udder health. Our findings suggest that mainly using free-range 

rearing systems may help decrease the prevalence of SCM. This would also be supported 

by improving buffalo breeding and better farm biosecurity. Udder health control 

strategies can be designed based on our findings. Our findings indicate that the education 
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of farmers regarding milking technique, hygiene, and rearing system may help further 

improve udder health on buffalo farms in Bangladesh. 

Chapter 7: Pathogen group-specific risk factors for intramammary infection in water 

buffalo. 

A cross-sectional study was conducted to estimate the prevalence of IMI-associated 

bacteria and identify risk factors for pathogen group-specific IMI in water buffalo in 

Bangladesh. Bacteriological cultures were performed on 1,374 quarter milk samples 

collected from 763 water buffalo in 244 buffalo farms in nine districts in Bangladesh. A 

total of 618 quarters of samples were culture positive. Non-aureus staphylococci were 

the predominant IMI-associated bacteria, and S. chromogenes, S. hyicus, and S. 

epidermidis were the most common species. The proportion of Non-aureus staphylococci 

or Mammalliococcus spp. (NASM), S. aureus and other bacterial species identified in 

the buffalo quarter samples varied between farms. Risk factors associated with IMI were 

milking hygiene and cleanliness of the hind quarters. The odds of IMI from any pathogen 

and NASM were higher in buffalo herds with poor milking hygiene. Poor cleanliness of 

the hind quarters had a higher likelihood of IMI caused by any pathogen, NASM, and S. 

aureus. Farm management-related risk factors were the frequency of milking and buffalo 

source. Twice daily milking and farms with buffalo purchased from another herd were 

associated with IMI from any pathogen. Udder symmetry and BCS were risk factors 

related to buffalo breeding and nutrition. The asymmetrical udder was associated with 

IMI caused by any bacteria and with IMI caused by S. aureus. Poor BCS showed higher 

odds of IMI from any pathogen and NASM. This study shows that the prevalence of IMI 

in water buffalo is high. Still, variables between farms and our data suggest that SCM 

can be partly controlled through better farm management, primarily by improving 

hygiene, milking management, breeding, and nutrition. Several udder health problems 

related to IMI in water buffalo have been identified in this study. Our data suggest that 

IMI can be partly managed through better farm management, including milking 

technique, hygiene, and breeding, which can be used to design water buffalo udder health 

control strategies. 

Chapter 8: Water buffalo milk chain and associated factors affecting bulk milk somatic 

cell count and bacterial counts in Bangladesh. 
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This study aims to describe the milk hygiene parameters and chain characteristics of 

unpasteurized raw milk sold to consumers to improve milk hygiene. A quantitative study 

design evaluated somatic cell counts, total bacterial counts, and specific gram-negative 

(Enterobacteria) and gram-positive (Staphylococcus) pathogens in 377 aseptically 

collected milk samples. Samples were collected at multiple nodes along the buffalo milk 

value chain: 122 bulk tank milk samples were collected at the farm level, 109 milk 

samples at the middlemen level, and 111 milk samples at the milk collection centers. In 

addition, 35 samples were taken from various milk products at the retail level. It was 

found that progressively increasing somatic cell counts and bacterial counts, including 

potential pathogens, occurred along the milk chain. A seasonal increase in spring was 

found, varying based on the farming system (semi-intensive versus intensive). Other 

factors included water purity and cleanliness of containers, mixing buffalo and cow’s 

milk, and the location of the water buffalo milk producer (coastal or river basin). This 

study demonstrated how improving udder health and milk hygiene along the water 

buffalo milk value chain would increase the safety and quality of water buffalo milk in 

the study area. 

Chapter 9: The prevalence of foodborne zoonotic pathogens in milk and milk products 

along Bangladesh's buffalo milk value chain. 

This study aimed to estimate the prevalence of zoonotic pathogens in milk and milk 

products and identify the associated factors in the buffalo milk chain nodes in 

Bangladesh. One hundred and forty-three samples were collected from farm bulk milk 

(n = 34), middlemen (n = 37), milk collection centers (n = 37), and milk product shops 

(n = 35). They were analyzed using RT-PCR to estimate the prevalence of seven 

important zoonotic pathogens: S. aureus, E. coli, Shiga toxin-producing E. coli O157:H7, 

C. jejuni, L. monocytogenes, S. enterica, and Y. enterocolitica. Escherichia coli was the 

most prevalent pathogen along the milk chain nodes. The prevalence of the pathogens 

was high along the buffalo milk value chain. E. coli O157:H7 classical enterotoxin 

encoded genes (e.g., the stx2 genotype) were most prevalent in milk products, compared 

to earlier in the milk value chain (74 %). L. monocytogenes and Y. enterocolitica were 

more prevalent in the farms (65-79 %) than in the later milk value chain nodes. The 

prevalence of S. enterica was relatively low (0-2.9 %) in all the milk chain nodes, and all 

the samples were negative for C. jejuni. These results suggest that buffalo milk 

consumers in Bangladesh are at risk from L. monocytogenes and Y. enterocolitica in the 
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farms and E. coli O157:H7 with a stx2 genotype at the milk product shops. S. enterica 

and C. jejuni are not frequent contaminants in the buffalo milk chain in Bangladesh. 

Avoiding plastic-made containers and dirty clothes used for cleaning milk containers 

may help reduce contamination in the buffalo milk value chain.  
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CHAPTER 12  

CONCLUSIONS 

This study aimed to improve Bangladesh's buffalo milk value chain by studying udder 

health and quality. The main conclusions of the study are as follows: 

• The prevalence of SCM was high (animal-52 % and quarter-28 %), with free-range 

or semi-intensive buffalo-rearing systems associated with less SCM compared to 

intensive systems. The prevalence of SCM can partly be controlled through a 

breeding program focusing on improving teat shape and udder symmetry (Chapters 

5 and 6). 

• Overall, BMSCC was satisfactory, but there was a significant variation between 

farms; therefore, there is room for improvement (Chapter 6). 

• The prevalence of IMI was high, with NASM as the most common bacteria. 

Improved milking hygiene and cleanliness of the hind quarter could help reduce IMI 

(Chapter 7). 

• Milk handling operations are diverse in different rearing systems, and one control 

measure may not fit all systems (Chapter 8). 

• A progressive increase in TBC and TEC was seen in the milk value chain. Better 

management on farms, such as using tube-well water to clean milk containers, and 

better milk handling at the middleman stage, such as milk transportation with a 

cooling facility and cleaning of milk containers, could reduce bacterial contamination 

(Chapter 8). 

• The overall prevalence of most pathogens in milk and milk products was very high. 

Improved milk handling at milk collection centers and shops should be promoted, 

and using the same cloth to clean the container and using plastic milk containers for 

carrying milk should be avoided (Chapter 9). 
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FURTHER RESEARCH OPPORTUNITIES 

This thesis work aims to explore the opportunities for an increase in water buffalo milk 

production by improving udder health and improvement of milk quality. This could help 

develop a safe, sustainable, resilient, and profitable water buffalo milk chain in 

Bangladesh. However, now the evidence-based advice must be implemented by the 

farmer's education and qualitative and quantitative estimation of effectiveness in practice 

in the next step. Scopes for future studies remain open to initiate a participatory approach 

where together with farmers and other key actors along the milk chain, (1) identify key 

factors that currently limit improvements to animal health and milk quality in the buffalo-

rearing and milk value chain and (2) jointly agree on ways to address these factors. 

Subsequently, this will together evaluate the tested strategies for addressing the 

challenges. Figure 12.1 shows that interventions directed at the farmers should lead to 

changes in farmers' behavior and better animal health, leading to better milk quality. 

Intervention at the milk chain level should lead to better milk chain quality, product 

quality, and consumer satisfaction. 

 

Fig. 12.1 Outline of the two interventions, intervention 1 being farmers' education 

and intervention 2 being the redesign of the milk chain  
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12.1  Questionnaire for udder health (farm level variables) 
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12.2  Questionnaire for Subclinical mastitis (animal and quarter level variables) 
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12.3  Questionnaire for milk quality (farm level variables) 
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12.4  Questionnaire for milk quality (middleman level variables) 
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12.5  Questionnaire for milk quality (milk collection center level variables) 
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12.6  Questionnaire for milk quality (milk products level variables) 
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12.7  Supplementary Tables 

Supplementary Table 4.1. A list of 71 Excluded full-text studies with reasons 

Title Author Year Journal Rejection 

reasons 

Mastitis in housed dairy buffalo: 

incidence, etiology, clinical finding, 

antimicrobial sensitivity and different 

medical treatment against E. coli 

mastitis. 

Abd-

Elrahman, 

A.H 

2013 Life Sci.J. CM 

prevalence 

Observations on sub-clinical mastitis in 

buffalo-cows with emphasis on 

measuring of milk electrical resistance 

for its early detection. 

Ahmed, W. 

M. 

2008 Global Vet. Individual 

prevalence 

data not 

available 

Characterization of Staphylococcus 

aureus isolates from buffalo, bovine, 

ovine, and caprine milk samples 

collected in Rio de Janeiro State, Brazil. 

Aires-de-

Sousa M 

2007 Appl.Enviro

n. Microbiol. 

Full-text 

English not-

available 

Hematology, bacteriology and antibiotic 

resistance in milk of water buffalo with 

subclinical mastitis. 

Al-Dujaily 2019 Onl.J.Vet.Re

s. 

Animal level 

prevalence 

Ultrasonographic diagnosis of 

subclinical mastitis in buffalo (Bubalus 

bubalis) 

Al-Galil, 

A. S. A. A. 

2016 Research 

Opinions in 

Animal and 

Veterinary 

Sciences 

Experimental 

trial 

Bacteriology of Mastitis in Buffalo in 

Tehsil Samundri of District Faisalabad, 

Pakistan 

Ali, L. 2008 Pakistan 

Vet. J. 

Individual 

prevalence 

data not 

available 

Study on clinical mastitis in buffalo 

caused by Staphylococcal species. 

Baloch, H. 2013 Pakistan 

J.Agric.Agri

c. 

Engineering, 

Veterinary 

Sciences 

Animal level 

prevalence 

Studies on mastitis in buffalo caused by 

bacterial species. 

Baloch, H. 2013 Pak. J. 

Agric. Agric. 

Eng. Vet. 

Sci. 

CM 

prevalence 

Status of mastitis and allied udder 

problems in buffalo in Punjab State. 

Bansal, B. 

K. 

2004 Intas.Polivet. Individual 

prevalence 

data not 

available 
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Bacterial isolation of milk samples 

submitted from clinical mastitis buffalo 

during 2007 to 2016 

Bhutia, P. 

S. 

2019 Trop. Anim. 

Health Prod. 

Composite 

milk sample 

Factors affecting the prevalence of 

clinical mastitis in buffalo around 

Faisalabad District (Pakistan). 

Bilal, M. 

Q. 

2004 Int.J. 

Agric.Biol. 

CM 

prevalence 

The emergence of Coagulase Positive 

Methicillin Resistant Staphylococcus 

Aureus Isolated from Buffalo Mastitis 

Milk Samples 

Biswas 2018 Explor. 

Anim. 

Medical Res. 

Individual 

prevalence 

data not 

available 

Distribution of Contagious and 

Environmental Mastitis Agents Isolated 

from Milk Samples Collected from 

Clinically Health Buffalo Cows Between 

Brazilian Dry and Rainy Seasons of the 

Year 

Bonini 

Pardo, R. 

2007 Italian J. 

Anim. Sci. 

Same 

population 

group used in 

different 

studies 

Comparison of different routes of 

administration of antibiotic therapy for 

sub-clinical mastitis in buffalo. 

Bulla, T. R. 2005 Haryana 

Veterinarian 

Experimental 

trial 

In vitro sensitivity of different organisms 

isolated from subclinical mastitis of 

buffalo. 

Bulla, T. R. 2005 Vet. Pract. Individual 

prevalence 

data not 

available 

Simultaneous identification by multiplex 

PCR of major Prototheca spp. isolated 

from bovine and buffalo intramammary 

infection and bulk tank 

Capra E 2014 Lett. 

Appl.Microb

ial. 

Bulk milk 

Somatic cell count and mastitis causing 

pathogens isolation in water buffalo 

(Bubalus bubalis) [Contagem de 

célulassomáticas e isolamento de 

agentescausadores de mastiteembúfalas 

(Bubalus bubalis)] 

Carvalho 

L.B. 

2007 Arq. Bras. 

Med. Vet. 

Zootec. 

Full-text 

English not-

available 

Short communication: Intra- and inter-

individual milk microbiota variability in 

healthy and infected water buffalo udder 

quarters 

Catozzi C 2019 J. Dairy Sci. Experimental 

trial 

The microbiota of water buffalo milk 

during mastitis 

Catozzi, C 2017 Plos One Individual 

prevalence 

data not 

available 

Pathogens isolated from clinical mastitis 

in Murrah buffalo and their antibiogram 

Charaya, 

G. 

2014 Vet. World CM 

prevalence 

Comparative efficacy of tylosin, 

enrofloxacin and ceftriaxone in treatment 

of buffalo suffering from mastitis. 

Charaya, 

G. 

2015 Haryana 

Veterinarian 

CM 

prevalence 

Application of generalized estimating 

equations (GEE) and random effect 

Chaudhary, 

J. K. 

2017 Indian J. 

Dairy Sci. 

Individual 

prevalence 
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model for estimation of occurrence and 

non-occurrence of mastitis In cattle and 

buffalo 

data not 

available 

Prevalence of mastitis in cows, sheep 

and buffalo in five localities from Sibiu 

County. 

Cirstea, M. 2010 Lucrari 

Stiintifice - 

Medicina 

Veterinara, 

Universitate

a De Stiinte 

Agricole Si 

Medicina 

Veterinara 

"Ion Ionescu 

De La Brad" 

Iasi 

Prevalence 

data from 

mixed species 

Characterization of Staphylococcus spp. 

strains in milk from buffalo with mastitis 

in Brazil: the need to identify to species 

level to avoid misidentification 

Coimbra-e-

Souza 

2017 Arq. Bras. 

Med. Vet. 

Zootec. 

Individual 

prevalence 

data not 

available 

Mastitis occurrence in buffalo (Bubalus 

bubalis) extensively farmed in the state 

of Para, Brazil [Ocorrência de mastite em 

búfalas (Bubalus bubalis) criada sem 

sistema extensivo no estado do Pará, 

Brasil] 

da Silva e 

Silva N. 

2014 Bioscience Full-text 

English not-

available 

Some coagulase negative 

Staphylococcus spp. isolated from 

buffalo can be misidentified as 

Staphylococcus aureus by phenotypic 

and Sa442 PCR methods 

de Almeida 

CC 

2018 BMCRes. 

Notes 

Individual 

prevalence 

data not 

available 

Epidemiological and bacteriological 

survey of buffalo mastitis in Nepal. 

Dhakal, I. 

P. 

2007 J. Vet. Med. 

Sci. 

CM 

prevalence 

Antimicrobial resistance pattern and 

virulence profile of S. aureus isolated 

from household cattle and buffalo with 

mastitis in Egypt 

El-Ashker 2020 Vet. 

Microbiol. 

Individual 

prevalence 

data not 

available 

Staphylococci in cattle and buffalo with 

mastitis in Dakahlia Governorate, Egypt 

El-Ashker 2015 J. Dairy Sci. Prevalence 

data from 

mixed species 

Acute coliform mastitis in buffalo 

(Bubalus bubalis): Clinical findings and 

treatment outcomes 

El-Khodery 2008 Trop. Anim. 

Health Prod. 

Animal level 

prevalence 

Phenotypic and genotypic detection of 

virulence factors of Staphylococcus 

aureus isolated from clinical and 

subclinical mastitis in cattle and water 

buffalo from different farms of Sadat 

City in Egypt 

Elsayed 2012 Vet. World Cultured 

composite 

milk sample 



 
230 

Biofilm formation, hemolysin production 

and antimicrobial susceptibilities of 

Staphylococcus aureus isolated from the 

mastitis milk of buffalo in Udaipur, 

India. 

Gayatri S. 2017 Int.J. Vet. 

Sci. 

Unknown 

sample 

source 

Subclinical mastitis in cattle and buffalo 

and its impact on somatic cell count and 

milk composition. 

Ghosh, C. 

P. 

2004 Indian J. 

Dairy Sci. 

Prevalence 

data from 

mixed species 

Prevalence and etiology of subclinical 

mastitis in dairy buffalo versus dairy 

cows from Transylvania, Romania. 

Giupana, 

R. M. 

2016 Lucrari 

Stiintifice - 

Universitate

a De Stiinte 

Agricole A 

Banatului 

Timisoara, 

Medicina 

Veterinara 

Prevalence 

data from 

mixed species 

Clinical outcomes and molecular 

genotyping of Staphylococcus aureus 

isolated from milk samples of dairy 

primiparous Mediterranean buffalo 

(Bubalus bubalis) 

Guccione J 2014 J. Dairy Sci. Composite 

milk sample 

Comparison of α1-antitrypsin, α1-acid 

glycoprotein, fibrinogen and NOx as 

indicator of subclinical Mastitis in 

Riverine Buffalo (Bubalus bubalis) 

Guha A. 2013 Asian 

Australas. J. 

Biosci. 

Biotechnol. 

Individual 

prevalence 

data not 

available 

Phenotypic characterization, biofilm 

production and antimicrobial resistance 

of Staphylococcus spp. Isolates from 

cattle and buffalo mastitis 

Guimaraes, 

Gabriela 

  Pesqui. Vet. 

Bras. 

Effect of parity and calving month on 

average daily milk yield, mastitis rate on 

major milk components in Iraqi buffalo. 

Ibrahim, 

W. I. 

2019 Biochem.Cel

l. Arch. 

Individual 

prevalence 

data not 

available 

Comparative Prevalence of Streak Canal 

and Intramammary Microorganisms and 

their Contemporaneous Association in a 

Dairy Cow and Buffalo Herd Lacking 

Mastitis Control Program 

Javed 2015 Int.J.Agric 

and Biol. 

Individual 

prevalence 

data not 

available 

Comparative Study on the Incidence of 

Mastitis During Different Parities in 

Cows and Buffalo 

Jingar, S. 

C. 

2014 Indian J. 

Anim. Res. 

CM risk 

factor 

Correlation between the California 

Mastitis Test (CMT) and somatic cells 

count on milk from Murrah buffalo cows 

[Correlação entre o California Mastitis 

Test (CMT) e a contagem de 

célulassomáticas (CCS) do leite de 

búfalasMurrah] 

Jorge A.M. 2005 Brazilian J. 

Anim. Sci. 

Full-text 

English not-

available 
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Investigation On Clinical Mastitis in 

Cattle and Buffalo in The Western Hills 

Of Nepal. 

Joshi, H. D. 1997 Vet. Review Same 

population 

group used in 

different 

studies 

Quarter-wise comparative prevalence of 

mastitis in buffalo and crossbred cows. 

Khan, A. Z. 2005 Pakistan 

Vet. J. 

Prevalence 

data from 

mixed species 

Evaluation of PCR test for detecting 

major pathogens of bubaline mastitis 

directly from mastitic milk samples of 

buffalo. 

Kumar A.P 2009 Japan 

Molecular surveillance of putative 

virulence factors and antibiotic resistance 

in Staphylococcus aureus isolates 

recovered from intra-mammary 

infections of river buffalo 

Kumar R 2011 Microb.Path

og. 

Individual 

prevalence 

data not 

available 

Effect on quarter milk somatic cell count 

and antimicrobial susceptibility of 

Staphylococcus rostri causing 

intramammary infection in dairy water 

buffalo 

Locatelli C 2013 J.Dairy. Sci. Individual 

prevalence 

data not 

available 

Some studies on E-coli mastitis in cattle 

and buffalo. 

Mahmoud, 

A. K. A. 

2015 Alexandria 

Journal of 

Veterinary 

Sciences 

Prevalence 

data from 

mixed species 

Status of sub-clinical mastitis and 

associated risk factors in Indian water 

buffalo in Doaba region of Punjab, India. 

Manpreet 

Kaur 

2015 Indian J. 

Dairy Sci. 

Individual 

prevalence 

data not 

available 

Antimicrobial resistance of 

Staphylococcus spp. isolates from cases 

of mastitis in buffalo in Brazil. 

Medeiros, 

E. S. 

2011 J.Vet. Diag. 

Invest. 

Individual 

prevalence 

data not 

available 

Mastitis in buffalo herds and their 

susceptibility to antimicrobial. 

Mesquita, 

A. A. 

2017 Pubvet Full-text 

English not-

available 

Relationships between somatic cell count 

and intramammary infection in buffalo 

Moroni P 2006 J. Dairy Sci. Repeated 

sample from 

the same 

animal 

Impact of livestock hygiene education 

programs on mastitis in smallholder 

water buffalo (Bubalus bubalis) in 

Chitwan, Nepal 

Ng, Linda 2010 Prev. Vet. 

Med. 

Animal level 

prevalence 

An Evaluation of Subclinical Mastitis 

During Lactation in Anatolian Buffalo 

Oezenc, 

Erhan 

2008 TURJAF Individual 

prevalence 
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data not 

available 

Use of the Modified Whiteside and 

California Mastitis Test on the diagnosis 

of buffalo subclinical mastitis related to 

microbiological exam. 

Oliveira, 

M. V. V. 

2004 CienciaAni

mal  

Full-text 

English not-

available 

Phenotypic, antimicrobial susceptibility 

profile and virulence factors of 

Klebsiella pneumoniae isolated from 

buffalo and cow mastitic milk 

Osman KM 2014 Pathog. 

Glob. Health 

Composite 

milk sample 

Mastitis in dairy buffalo and cattle in 

Egypt due to Clostridium perfringens: 

prevalence, incidence, risk factors and 

costs 

Osman, K. 

M. 

2009 Revue 

Scientifique 

Et 

Technique-

Office 

International 

Des 

Epizooties 

Prevalence 

data from 

mixed species 

Genetic diversity and methicillin 

resistance of Staphylococcus aureus 

originating from buffalo with mastitis in 

Iran 

Panahi, 2019 Indian J. 

Comp. 

Microbiol. 

Immunol. 

and Infect. 

Dis. 

Individual 

prevalence 

data not 

available 

Relation between electrical conductivity, 

dielectric constant, somatic cell count, 

and other milk quality parameters in 

diagnosing subclinical mastitis in Murrah 

buffalo. 

Panchal et 

al. 

2016 Indian J. 

Dairy Sci. 

Cross-

sectional 

Prospects of controlling sub-clinical 

mastitis in cattle and buffalo through the 

use of trisodium citrate. 

Pankaj D 2017 Indian 

Dairyman 

Composite 

milk sample 

Metagenomic approach to study the 

bacterial community in clinical and 

subclinical mastitis in buffalo 

Patel 2017 Meta Gene Individual 

prevalence 

data not 

available 

Microbiological profiles in clinical and 

subclinical cases of mastitis in milking 

Jafarabadi buffalo 

Patel 2019 Res. Vet. 

Sci. 

Individual 

prevalence 

data not 

available 

Relationship between cellular and whey 

components in buffalo milk 

Piccinini R 2006 J. Dairy Res. Experimental 

trial 

Short communication: Detection of 

antibiotic resistance, mecA, and 

virulence genes in coagulase-negative 

Staphylococcus spp. from buffalo milk 

and the milking environment 

Pizauro 

LJL 

2019 J. Dairy Sci. Individual 

prevalence 

data not 

available 

Short communication: Prevalence and 

risk factors of subclinical mastitis as 

Salvador, 

R. T 

2012 J. Dairy Sci. Animal level 

prevalence 
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determined by the California Mastitis 

Test in water buffalo (Bubalis bubalis) in 

Nueva Ecija, Philippines 

Incidence and pattern of antibiotic 

resistance of Staphylococcus aureus 

isolated from clinical and subclinical 

mastitis in cattle and buffalo 

Sharma L. 2015 Asian 

J.Anim. Sci. 

Individual 

prevalence 

data not 

available 

Comparative Efficacy of Screening Tests 

for Subclinical Mastitis in Buffalo. 

Shrirame, 

K. R. 

1997 Indian J. 

Vet. Res. 

Same 

population 

group used in 

different 

studies 

Subclinical Mastitis in Buffalo in 

Different Herd Sizes and Milking 

Management Systems 

Thomas, Cs 2005 Mastitis in 

Dairy 

Production: 

Current 

Knowledge 

and Future 

Solutions 

Same 

population 

group used in 

different 

studies 

Species identification and antimicrobial 

susceptibility profile of bacteria causing 

subclinical mastitis in buffalo 

Vasquez-

Garcia 

2017 Pesqui. Vet. 

Bras. 

Composite 

milk sample 

Profile of antimicrobial susceptibility in 

strains of Gram-positive cocci, negative 

catalase, isolated from buffalo 

subclinical mastitis. 

Vianni, 

MCE 

2003 Pesqui. Vet. 

Bras. 

Full-text 

English not-

available 

Studies on comparative incidence of sub-

clinical and clinical mastitis and in vitro 

antibiotic susceptibility of isolates from 

Holstein-Friesian and Jersey cows and 

buffalo. 

Zahid, I. A. 2004 Pakistan 

Vet. J. 

Prevalence 

data from 

mixed species 

Environmental organisms as risk factors 

in the occurrence of mastitis in dairy 

buffalo with suggested methods of 

control. A field study 

Zaki M.M. 2010 Global Vet. CM risk 

factor 
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Supplementary Table 4.2 Quality assessment of the eligible studies using the 

NHLBI tool for observational studies 
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Ahmad, R. 

2001 
2 2 3 1 1 3 2.0 Fair Good 2.5-3 3 

Ahmed, H. 

et al., 2018 
3 3 2 1 1 3 2.2 Fair Fair 1.5-2.4 52 

Algammal, 

A.M. et al., 

2020 

3 3 3 1 1 3 2.3 Fair Poor 1-1.4 0 

Ali, M. et al., 

2011 
3 2 3 1 1 3 2.2 Fair    

Ali, T. et al., 

2014 
3 2 3 1 1 3 2.2 Fair    

Aliul, H et 

al., 2020 
3 2 3 1 1 3 2.3 Fair    

AL-Saadi, 

B.Q.H. et al., 

2015 

3 3 3 1 1 3 2.2 Fair    

Anirban, G. 

et al., 2010 
3 2 3 1 1 3 1.8 Fair    

Anirban, G. 

et al., 2013 
3 1 2 1 1 3 2.0 Fair    

Awad, NM 

et al., 2019 
3 2 3 1 1 3 2.3 Fair    

Bachaya, H. 

et al., 2005 
3 2 2 1 1 3 2.3 Fair    

Baloch, H. et 

al., 2016 
3 3 3 1 1 3 2.2 Fair    

Baloch, H. et 

al., 2018 
3 3 3 1 1 3 2.3 Fair    

Beheshti, R. 

et al., 2011 
3 3 2 1 1 3 1.8 Fair    

Bhanot, V. et 

al., 2012 
3 3 3 1 1 3 2.3 Fair    

Biswas, D. et 

al., 2020 
3 2 3 1 1 1 2.2 Fair    
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Bulla, T. et 

al., 2006 
2 2 2 1 1 3 2.3 Fair    

Chavoshi, 

M. et al., 

2012 

3 2 3 2 1 3 2.0 Fair    

Dhakal, I. et 

al., 2006 
3 3 2 1 1 3 2.2 Fair    

Elhaig, 

M.M. et al., 

2014 

3 3 3 1 1 3 2.3 Fair    

El-Razik, 

K.A.A. et al., 

2017 

3 1 3 1 1 3 1.8 Fair    

Farooq, A. et 

al., 2008 
3 3 2 1 1 3 2.3 Fair    

Guha, A. et 

al., 2012 
3 3 3 1 1 3 2.0 Fair    

Hamed, M.I. 

et al., 2014 
2 2 2 1 1 3 2.5 Good    

Hameed, S. 

et al., 2012 
3 3 2 2 1 3 2.5 Good    

Hussain, A. 

et al., 2007 
3 2 2 1 1 3 2.0 Fair    

Hussain, A. 

et al., 2018 
3 3 3 2 1 3 2.3 Fair    

Hussain, R. 

et al., 2013 
3 3 3 2 1 3 1.8 Fair    

Islam, J. et 

al., 2019 
3 3 1 1 1 3 2.5 Good    

Jhambh, R. 

et al., 2017 
3 3 3 1 1 3 2.2 Fair    

Joshi, H. et 

al., 2013 
2 2 2 1 1 3 2.2 Fair    

Kaur, G. et 

al., 2018 
3 3 3 2 1 3 1.7 Fair    

Kumar, M. 

et al., 2007 
3 2 3 1 1 3 1.8 Fair    

Kumar, P. et 

al., 2008 
2 2 2 1 1 2 2.2 Fair    

Lamey, A. et 

al., 2013 
3 2 2 1 1 3 2.2 Fair    

Maiti, S. et 

al., 2003 
2 2 2 1 1 3 2.2 Fair    

Malmarugan, 

S. et al., 

2010 

3 2 2 2 1 3 2.0 Fair    

Medeiros, 

E.S. et al., 

2011 

3 2 3 1 1 3 2.0 Fair    

Muhammad, 

G. et al., 

2010 

3 2 3 1 1 3 2.3 Fair    

Pardo, B.R. 

et al., 2007 
3 2 2 1 1 3 2.2 Fair    
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Patbandha, 

T.K. et al., 

2015 

3 3 3 1 1 3 2.2 Fair    

Pizauro, L. 

et al., 2014 
3 3 2 1 1 3 2.3 Fair    

Preethirani, 

P.L. et al., 

2015 

3 2 3 1 1 3 2.3 Fair    

Puggioni, 

G.M.G. et 

al., 2020 

3 3 2 1 1 3 1.8 Fair    

Salvador, 

R.T. et al., 

2013 

3 3 3 1 1 3 2.2 Fair    

Sentitula. et 

al., 2012 
3 3 3 1 1 3 2.0 Fair    

Sharif, A. et 

al., 2007 
3 2 1 1 1 3 2.0 Fair    

Sharif, A. et 

al., 2007 
3 2 2 2 1 3 2.0 Fair    

Sharma, A. 

et al., 2007 
3 2 2 1 1 3 2.0 Fair    

Sharma, N. 

et al., 2007 
3 2 2 1 1 3 2.3 Fair    

Sindhu, N. et 

al., 2009 
3 2 2 1 1 3 2.0 Fair    

Singh, M. et 

al., 2014 
3 2 2 1 1 3 2.0 Fair    

Srinivasan, 

P. et al., 

2013 

3 3 3 1 1 3 2.0 Fair    
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Supplementary Table 4.3 Descriptive characteristics of the 53 eligible studies on 

subclinical buffalo mastitis included in the meta-analysis 

Title Journal Author Country Study 

design 

Total 

quarters 

tested 

Studies on mastitis among 

dairy buffalo. 

Pakistan 

Vet. J. 
Ahmad 

(2001) 

Pakistan Cross-

sectional 

2,279 

Subclinical mastitis in dairy 

cattle and buffalo among 

small holders in Egypt: 

Prevalence and evidence of 

virulence of Escherichia coli 

causative agent. 

Trop. 

Biomed. 
Ahmed et 

al. (2018) 

Egypt Cross-

sectional 

682 

Antimicrobial resistance 

profiles, virulence and 

Enterotoxins-Determinant 

genes of MRSA isolated from 

subclinical bovine mastitis in 

Egypt. 

Pathogens Algammal 

et al. 

(2020) 

Egypt Cross-

sectional 

200 

Prevalence of sub clinical 

mastitis in dairy buffalo of 

Punjab, Pakistan. 

J. Anim. 

Plant Sci. 
Ali et al. 

(2011) 

Pakistan Cross-

sectional 

2,400 

Effect of management 

practices and animal age on 

incidence of mastitis in Nili 

Ravi buffalo. 

Trop. Anim. 

Health Prod. 
Ali et al. 

(2014) 

Pakistan Cross-

sectional 

1,560 

Investigation of prevalence 

and risk factors of subclinical 

mastitis of dairy buffalo at 

Bhola district of Bangladesh. 

Asian J. 

Med. Biol. 

Res. 

Aliul et al. 

(2021) 

Banglades

h 

Cross-

sectional 

800 

Some physiological factors 

influence somatic cell counts 

and milk contents associated 

with mastitis in Iraqi buffalo. 

World J. 

Pharma. 

Res. 

AL-Saadi 

and AL-

Shakh 

(2015) 

Iraq Cross-

sectional 

320 

Assessment of chemical and 

electrolyte profile as an 

indicator of subclinical 

mastitis in riverine buffalo 

(Bubalus bubalis). 

Haryana 

Veterinarian 
Anirban et 

al. (2010) 

India Cross-

sectional 

1,798 

Evaluation of milk 

biochemical constituents as 

indicators of subclinical 

Buffalo J. Anirban et 

al. (2013) 

India Cross-

sectional 

2,048 
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mastitis in Murrah buffalo 

(Bubalus bubalis). 

Prevalence, etiology and 

antibiogram of mastitis in 

buffalo in Sohag governorate. 

Assiut 

Vet.Med.J. 
Awad 

(2019) 

Egypt Cross-

sectional 

418 

Subclinical mastitis in buffalo 

in Attock district of Punjab 

(Pakistan). 

Pakistan 

Vet. J. 
Bachaya et 

al. (2005) 

Pakistan Cross-

sectional 

1,200 

Effect of diverse factors on 

the frequency of clinical and 

subclinical mastitis in Kundi 

buffalo of Sindh, Pakistan. 

Pakistan 

J.Zool. 
Baloch et 

al. (2018) 

Pakistan Case-

control 

840 

Prevalence and risk factors 

associated with sub-clinical 

mastitis in Kundhi buffalo. 

J. Basic 

Appl. Sci. 
Baloch et 

al. (2016) 

Pakistan Cross-

sectional 

840 

Prevalence and etiology of 

subclinical mastitis in buffalo 

of the Tabriz region, Iran. 

J. American 

Sci. 
Beheshti et 

al. (2011) 

Iran Cross-

sectional 

201 

Retrospective study on 

prevalence and antibiogram of 

mastitis in cows and buffalo 

of eastern Haryana. 

Indian 

J.Anim. 

Res. 

Bhanot et 

al. (2012) 

India Retrospe

ctive 

cross-

sectional 

2,411 

A study on udder health 

management practices, 

reproductive disorders and 

subclinical mastitis in buffalo 

herds in coastal region of 

Bangladesh. 

TURJAF Biswas et 

al. (2020) 

Banglades

h 

Cross-

sectional 

280 

Prevalence of subclinical 

mastitis in Murrah buffalo. 

Haryana 

Veterinarian 
Bulla et al. 

(2006) 

India Cross-

sectional 

239 

Buffalo subclinical mastitis 

bacterial pathogens in Iran. 

IPCBEE Chavoshi 

and 

Husaini 

(2012) 

Iran Cross-

sectional 

400 

Normal somatic cell count 

and subclinical mastitis in 

Murrah buffalo. 

J. Vet. Med. Dhakal 

(2006) 

Nepal Cross-

sectional 

200 

Molecular and bacteriological 

investigation of subclinical 

mastitis caused by 

Staphylococcus aureus and 

Streptococcus agalactiae in 

Trop. Anim. 

Health Prod. 
Elhaig and 

Selim 

(2015) 

Egypt Cross-

sectional 

368 
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domestic bovids from 

Ismailia, Egypt. 

Tetracycline resistance 

phenotypes and genotypes of 

coagulase-negative 

staphylococcal isolates from 

bubaline mastitis in Egypt. 

Vet. World El-Razik 

et al. 

(2017) 

Egypt Cross-

sectional 

81 

Prevalence of mastitis and 

antibiotic sensitivity of 

bacterial isolates recovered 

from Nili-Ravi buffalo. 

J. Anim. 

Plant Sci. 
Farooq et 

al. (2008) 

Pakistan Cross-

sectional 

800 

Comparison of somatic cell 

count, California mastitis test, 

chloride test and rennet 

coagulation time with 

bacterial culture examination 

to detect subclinical mastitis 

in riverine buffalo (Bubalus 

bubalis). 

African J. 

Agric. Res. 
Guha and 

Guha 

(2012) 

India Cross-

sectional 

2,452 

Prevalence of Staphylococcus 

aureus subclinical mastitis in 

dairy buffalo farms. 

Int.J. Livest. 

Res. 
Hamed 

and 

Ziatoun 

(2014) 

Egypt Cross-

sectional 

956 

Cross-sectional 

epidemiological studies on 

mastitis in cattle and buffalo 

of Tehsil Burewala, Pakistan 

J. Anim. 

Plant Sci. 
Hameed et 

al. (2012) 

Pakistan Cross-

sectional 

1,528 

Clinical and subclinical 

Staphylococcus aureus 

mastitis in dairy buffalo: 

Disease characteristics and 

antibiotic susceptibility 

profiles of isolates. 

Int.J. Agric. 

Res. 
Hussain et 

al. (2007) 

Pakistan Cross-

sectional 

560 

Prevalence of overall and teat 

wise mastitis and effect of 

herd size in dairy buffalo. 

Pakistan J. 

Zool. 
Hussain et 

al. (2018) 

Pakistan Cross-

sectional 

4,144 

Risks factors associated with 

subclinical mastitis in water 

buffalo in Pakistan. 

Trop. Anim. 

Health Prod. 
Hussain et 

al. (2013) 

Pakistan Cross-

sectional 

2,202 

Assessment of subclinical 

mastitis in milch animals by 

different field diagnostic tests 

in the Barishal district of 

Bangladesh. 

Asian 

Australas. J. 

Biosci. 

Biotechnol. 

Islam et al. 

(2019) 

Banglades

h 

Cross-

sectional 

160 



 
240 

Prevalence and risk factors of 

subclinical mastitis in buffalo 

at an organized dairy farm in 

western Haryana. 

Haryana 

Veterinarian 
Jhambh et 

al. (2017) 

India Cross-

sectional 

864 

Prevalence of sub-clinical 

mastitis in Buffalo. 

Vet. Pract. Joshi et al. 

(2013) 

India Cross-

sectional 

200 

Associations of teat 

morphometric parameters and 

subclinical mastitis in riverine 

buffalo. 

J. Dairy 

Res. 
Kaur et al. 

(2018) 

India Cross-

sectional 

324 

Investigations on the 

prevalence and oxidative 

stress aspects of mastitis in 

buffalo. 

Italian J. 

Anim. Sci. 
Kumar et 

al. (2007) 

India Cross-

sectional 

424 

Bacteriological examination 

of mastitis in buffalo. 

Progress. 

Res. 
Kumar et 

al. (2008) 

India Cross-

sectional 

442 

Virulence factors of 

Escherichia coli isolated from 

recurrent cases of clinical and 

subclinical mastitis in buffalo. 

Int.J. 

Microbiol. 

Res. 

Lamey et 

al. (2013) 

Egypt Cross-

sectional 

840 

Studies on the incidence of 

subclinical mastitis (SCM) in 

cattle and buffalo of the durg 

area of Chhattisgarh. 

Vet. Pract. Maiti et al. 

(2003) 

India Cross-

sectional 

611 

PCR based detection of 

coagulase gene encoding 

Staphylococcus aureus 

isolated from subclinical 

mastitis cases in buffalo. 

Indian J. 

Field Vet. 
Malmarug

an et al. 

(2010) 

India Cross-

sectional 

88 

Risk factors associated with 

buffalo mastitis in the 

Brazilian Northeast. 

Pesqui. Vet. 

Bras. 
Medeiros 

et al. 

(2011) 

Brazil Cross-

sectional 

1,996 

Evaluation of a 3% surf 

solution (surf field mastitis 

test) to diagnose subclinical 

bovine and bubaline mastitis. 

Trop. Anim. 

Health Prod. 
Muhamma

d et al. 

(2010) 

Pakistan Cross-

sectional 

400 

Microbiological evaluation of 

milk samples positive to 

California Mastitis Test in 

dairy buffalo cows (Bubalus 

bubalis). 

Italian J. 

Anim. Sci. 
Pardo et 

al. (2007) 

Brazil Cross-

sectional 

734 
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Association of milk 

components with intra-

mammary inflammation in 

Jaffrabadi buffalo. 

Vet. World Patbandha 

et al. 

(2015) 

India Cross-

sectional 

1,516 

Prevalence and etiology of 

buffalo mastitis and milk 

somatic cell count in dry and 

rainy seasons in a buffalo 

herd from Analândia, São 

Paulo State, Brazil. 

Arq. Bras. 

Med. Vet. 

Zootec. 

Pizauro et 

al. (2014) 

Brazil Cross-

sectional 

1,042 

Isolation, biochemical and 

molecular identification, and 

in-vitro antimicrobial 

resistance patterns of bacteria 

isolated from bubaline 

subclinical mastitis in South 

India. 

Plos One Preethirani 

et al. 

(2015) 

India Cross-

sectional 

190 

Evaluation of a bovine 

cathelicidin ELISA for 

detecting mastitis in the dairy 

buffalo: Comparison with 

milk somatic cell count and 

bacteriological culture. 

Res. Vet. 

Sci. 
Puggioni 

et al. 

(2020) 

Italy Cross-

sectional 

618 

Correlation of California 

mastitis test and somatic cell 

count on the milk of water 

buffalo cows in the 

Philippines. 

Trop. Agric. Salvador 

et al. 

(2013) 

Philippines Cross-

sectional 

751 

Incidence of Staphylococci 

and Streptococci during 

winter in mastitic milk of 

Sahiwal Cow and Murrah 

Buffalo. 

Indian 

J.Microbial. 
Sentitula 

et al. 

(2012) 

India Cross-

sectional 

57 

Prevalence of severity of 

mastitis in buffalo in district 

Faisalabad (Pakistan). 

J. Agric. 

Soc. Sci. 
Sharif and 

Ahmad 

(2007) 

Pakistan Cross-

sectional 

400 

Estimation of milk lactose and 

somatic cells for the diagnosis 

of sub-clinical mastitis in 

dairy buffalo. 

Int.J. Agric. 

Biol. 
Sharif et 

al. (2007) 

Pakistan Cross-

sectional 

400 

Occurrence of clinical and 

subclinical mastitis in buffalo 

in the State of Haryana 

(India). 

Italian J. 

Anim. Sci. 
Sharma 

and 

Sindhu 

(2007) 

India Cross-

sectional 

5,707 
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Prevalence, etiology and 

antibiogram of 

microorganisms associated 

with sub-clinical mastitis in 

Buffalo in Drug, Chhattisgarh 

State (India). 

Int.J. Dairy 

Sci. 
Sharma et 

al. (2007) 

India Cross-

sectional 

1,962 

Occurrence of subclinical 

mastitis in cows and buffalo 

at an organized farm. 

Haryana 

Veterinarian 
Sindhu et 

al. (2009) 

India Cross-

sectional 

228 

Prevalence and 

characterization of coagulase-

negative staphylococci 

associated with buffalo 

mastitis. 

Indian J. 

Comp. 

Microbiol. 

Immunol. 

and Infect. 

Dis. 

Singh et 

al. (2014) 

India Cross-

sectional 

253 

Prevalence and etiology of 

subclinical mastitis among 

buffalo (Bubalus bubalus) in 

Namakkal, India. 

Pakistan J. 

Biol. Sci. 
Srinivasan 

et al. 

(2013) 

India Cross-

sectional 

824 
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Supplementary Table 4.4 The subclinical mastitis detection threshold of quarter 

prevalence defined by 38 eligible studies for particular detection tests 

Author year Country Mastitis diagnosis tests** 

The threshold used for examining quarters for 

SCM 

Healthy Subclinical 

1. Algammal, 

A.M. 2020 
Egypt CMT Negative Trace 1 2 3 

2. Islam, J. 

2019*** 
Bangladesh CMT Not given 

3. Patbandha, T.K. 

2015 
India CMT Negative 1 2 3 

 

4. Elhaig, M.M. 

2015 
Egypt CMT Negative Trace 1 2 3 

5. Dhakal, I. 2006 
Nepal CMT Negative Trace 1 2 3 

6. Muhammad, G. 

2010 
Pakistan CMT Negative Trace 1 2 3 

7. Preethirani, P.L. 

2015*** 
India CMT Not given 

  

8. Pizauro, L. 

2014*** 
Brazil CMT Not given 

  

9. Salvador, R.T. 

2013*** 
Philippines CMT Not given 

  

10. Ali, T. 2014 
Pakistan CMT Negative Trace 1 2 3 

11. Guha, A. 2012 
India CMT Negative Trace 1 2 3 

12. Chavoshi, M. 

2012 
Iran CMT Negative Trace 1 2 3 

13. Kumar, P. 2008 
India CMT Not given 

14. Pardo, B.R. 

2007 
Brazil CMT Negative Trace 1 2 3 

15. Baloch, H. 2016 
Pakistan CMT Negative 1 2 3 4 

16. Ahmed, H. 2018 
Egypt CMT Negative Trace 1 2 3 

17. Hussain, R. 

2013 
Pakistan CMT Negative Trace 1 2 3 

18. Lamey, A. 2013 
Egypt CMT Negative 1 2 3 4 

19. Beheshti, R. 

2011 
Iran CMT Negative Trace 1 2 3 

20. Ahmad, R. 2001 
Pakistan CMT Negative Trace 1 2 3 

21. Awad, A. M. 

2019 
Egypt CMT Negative Trace 1 2 3 

22. Maiti, S. 2003 
India MCMT Negative Trace 1 2 3 

23. Sharma, N. 2007 
India MCMT Negative Trace 1 2 3 
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24. Kaur, G. 2018 
India SCC <400,000 >400,000 

   

25. Anirban, G. 

2010 
India SCC <200,000 >200,000 

   

26. Anirban, G. 

2013 
India SCC <200,000 >200,000 

   

27. Puggioni, 

G.M.G. 2020 
Italy SCC <200,000 >200,000 

   

28. Kumar, M. 2007 
India SCC <500,000 >500,000 

   

29. Singh, M. 2014 
India SCC <500,000 >500,000 

   

30. Jhambh, R. 2017 
India SCC <50,000 >50,000 

   

31. Sindhu, N. 2009 
India SCC <500,000 >500,000 

   

32. Bulla, T. 2006 
India SCC <500,000 >500,000 

   

33. Hussain, A. 

2007*** 
Pakistan SFMT Not given 

34. Sharif, A. 2007 
Pakistan SFMT Negative Trace 1 2 3 

35. Bachaya, H. 

2005 
Pakistan SFMT Negative 1 2 3 4 

36. Hameed, S. 

2012*** 
Pakistan SFMT Not given 

37. Farooq, A. 

2008*** 
Pakistan SFMT Not given 

38. Ali, M. 2011*** 
Pakistan WST Not given 

** Tests Employed (CMT = California mastitis test; MCMT = Modified California 

mastitis test; SFMT = Surf field mastitis test; WST = White side test; SCC = Somatic 

cell count) 

*** Only positive or negative test results were interpreted but differential scoring for 

subclinical mastitis was not defined 
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Supplementary Table 5.1 List of the individual farm with the total number of 

buffalo and quarters tested for detection of subclinical mastitis using CMT in the 

Bagerhat and Noakhali region of Bangladesh 

FID Rearing 

system 

Total  

buffa

lo 

Numbers of 

lactating  

buffalo 

Numbers of 

buffalo  

tested 

Numbers of 

quarters  

tested 

1 Semi-

intensive 

487 66 50 195 

2 Household 7 2 2 8 

3 Bathan 6 1 1 4 

4 Semi-

intensive 

41 7 7 28 

5 Household 5 2 1 4 

6 Household 7 2 2 8 

7 Household 5 2 1 4 

8 Bathan 55 8 3 12 

9 Bathan 200 12 - - 

10 Household 3 1 1 4 

11 Household 4 3 1 4 

12 Household 5 2 2 8 

13 Household 3 1 1 4 

14 Household 6 2 1 4 

15 Household 5 2 2 8 

16 Household 2 1 1 4 

Total 
 

841 114 76 299 
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Supplementary Table 6.1 Relevant data on-farm size (buffalo heads), number of 

lactating buffalo, number of buffalo sampled, and bulk milk somatic cell count for 

each of 248 selected farms 

Farm ID 
Total number of 

buffalo per farm 

Total number 

of lactating 

buffalo per 

farm 

Number of 

buffalo 

sampled 

Bulk milk somatic cell 

count per mL of milk 

1 5 1 1 52,000 

2 6 3 1 77,000 

3 4 2 1 110,000 

4 8 1 1 596,000 

5 5 1 1 190,000 

6 9 3 1 NA 

7 8 3 1 262,000 

8 22 4 1 528,000 

9 3 1 1 537,000 

10 26 4 2 529,000 

11 2 2 2 64,000 

12 23 3 2 47,000 

13 9 3 2 122,000 

14 21 2 2 405,000 

15 2 2 2 394,000 

16 11 2 2 264,000 

17 6 3 2 123,000 

18 7 2 2 110,000 

19 5 2 2 78,000 

20 19 4 2 431,000 

21 30 4 2 609,000 

22 7 2 2 478,000 

23 10 3 2 774,000 

24 6 2 2 189,000 

25 9 2 2 195,000 

26 7 2 2 362,000 

27 7 3 2 49,000 

28 17 4 2 115,000 

29 9 2 2 421,000 
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30 23 4 2 671,000 

31 24 4 2 336,000 

32 2 2 2 NA 

33 4 2 2 165,000 

34 15 3 2 168,000 

35 8 2 2 105,000 

36 9 3 2 95,000 

37 9 3 2 118,000 

38 6 2 2 172,000 

39 6 2 2 244,000 

40 5 2 2 267,000 

41 24 3 2 170,000 

42 24 4 2 111,000 

43 4 2 2 151,000 

44 3 2 2 137,000 

45 4 2 2 50,000 

46 5 2 2 80,000 

47 2 2 2 198,000 

48 5 2 2 147,000 

49 5 2 2 107,000 

50 12 2 2 370,000 

51 8 2 2 89,000 

52 28 21 2 101,000 

53 14 4 2 38,000 

54 2 2 2 1,008,000 

55 2 2 2 286,000 

56 15 6 2 344,000 

57 2 2 2 334,000 

58 6 2 2 102,000 

59 12 4 2 235,000 

60 10 3 2 282,000 

61 9 2 2 707,000 

62 6 3 2 459,000 

63 8 2 2 280,000 

64 22 6 2 858,000 
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65 2 2 2 287,000 

66 5 2 2 204,000 

67 8 2 2 336,000 

68 6 2 2 446,000 

69 45 10 2 267,000 

70 32 5 2 435,000 

71 15 3 2 351,000 

72 10 7 2 442,000 

73 63 20 3 138,000 

74 48 17 3 201,000 

75 43 3 3 118,000 

76 18 4 3 170,000 

77 22 4 3 307,000 

78 21 6 3 117,000 

79 10 3 3 149,000 

80 8 4 3 136,000 

81 14 7 3 NA 

82 27 8 3 89,000 

83 14 3 3 78,000 

84 23 5 3 151,000 

85 31 3 3 288,000 

86 65 16 3 516,000 

87 22 11 3 260,000 

88 22 3 3 279,000 

89 3 3 3 106,000 

90 55 13 3 480,000 

91 19 3 3 302,000 

92 6 3 3 332,000 

93 7 3 3 328,000 

94 14 5 3 355,000 

95 12 3 3 113,000 

96 19 6 3 453,000 

97 23 7 3 521,000 

98 80 9 3 822,000 

99 17 3 3 NA 
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100 70 8 3 673,000 

101 16 5 3 NA 

102 17 3 3 318,000 

103 3 3 3 NA 

104 15 4 3 192,000 

105 14 3 3 91,000 

106 5 3 3 444,000 

107 12 7 3 193,000 

108 10 5 3 73,000 

109 13 5 3 318,000 

110 7 3 3 324,000 

111 20 5 3 118,000 

112 17 5 3 78,000 

113 24 3 3 131,000 

114 10 3 3 156,000 

115 14 4 3 87,000 

116 12 3 3 118,000 

117 8 3 3 203,000 

118 10 3 3 157,000 

119 17 3 3 142,000 

120 6 3 3 72,000 

121 9 3 3 297,000 

122 7 3 3 128,000 

123 36 9 3 93,000 

124 35 8 3 143,000 

125 3 3 3 170,000 

126 3 3 3 167,000 

127 46 3 3 207,000 

128 3 3 3 147,000 

129 3 3 3 103,000 

130 3 3 3 42,000 

131 25 7 3 157,000 

132 28 3 3 136,000 

133 3 3 3 38,000 

134 3 3 3 70,000 
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135 9 3 3 276,000 

136 17 5 3 80,000 

137 8 3 3 107,000 

138 7 3 3 206,000 

139 14 6 3 141,000 

140 10 3 3 242,000 

141 15 6 3 259,000 

142 18 5 3 423,000 

143 7 3 3 315,000 

144 15 3 3 369,000 

145 9 3 3 322,000 

146 11 3 3 198,000 

147 30 10 3 322,000 

148 25 3 3 305,000 

149 12 3 3 611,000 

150 90 8 3 886,000 

151 24 6 3 317,000 

152 9 4 3 1,213,000 

153 9 3 3 629,000 

154 8 3 3 653,000 

155 3 3 3 691,000 

156 18 3 3 168,000 

157 50 17 3 262,000 

158 13 3 3 135,000 

159 27 5 3 438,000 

160 20 3 3 351,000 

161 22 7 4 367,000 

162 17 4 4 271,000 

163 18 4 4 216,000 

164 33 9 4 137,000 

165 22 8 4 145,000 

166 60 10 4 194,000 

167 32 10 4 87,000 

168 4 4 4 196,000 

169 45 11 4 589,000 
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170 39 7 4 150,000 

171 14 5 4 851,000 

172 32 11 4 279,000 

173 24 6 4 270,000 

174 60 6 4 268,000 

175 44 7 4 36,000 

176 14 4 4 37,000 

177 12 4 4 124,000 

178 13 7 4 392,000 

179 43 20 4 155,000 

180 15 6 4 105,000 

181 12 7 4 168,000 

182 18 8 4 107,000 

183 13 6 4 287,000 

184 27 11 4 215,000 

185 54 25 4 216,000 

186 89 24 4 312,000 

187 12 4 4 115,000 

188 11 4 4 125,000 

189 28 4 4 72,000 

190 60 20 4 465,000 

191 13 5 4 267,000 

192 17 4 4 193,000 

193 16 6 4 281,000 

194 18 5 4 184,000 

195 12 4 4 318,000 

196 22 4 4 351,000 

197 52 24 4 781,000 

198 27 12 4 516,000 

199 74 20 4 781,000 

200 33 7 4 819,000 

201 22 4 4 192,000 

202 30 11 5 86,000 

203 20 10 5 367,000 

204 12 6 5 135,000 
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205 26 9 5 106,000 

206 25 10 5 262,000 

207 24 5 5 76,000 

208 44 16 5 240,000 

209 37 17 5 207,000 

210 37 19 5 170,000 

211 28 5 5 110,000 

212 22 10 5 503,000 

213 18 5 5 274,000 

214 46 20 5 279,000 

215 38 19 5 95,000 

216 45 21 5 178,000 

217 49 22 5 36,000 

218 5 5 5 83,000 

219 44 20 5 73,000 

220 42 18 5 212,000 

221 28 11 5 319,000 

222 44 10 5 295,000 

223 30 11 5 441,000 

224 30 13 5 104,000 

225 20 6 5 314,000 

226 22 5 5 88,000 

227 21 6 5 362,000 

228 21 5 5 387,000 

229 25 8 5 147,000 

230 80 18 5 124,000 

231 6 5 5 855,000 

232 39 20 5 727,000 

233 23 19 5 737,000 

234 33 7 5 604,000 

235 50 10 5 184,000 

236 47 14 5 171,000 

237 33 14 5 240,000 

238 28 5 5 437,000 

239 80 12 5 316,000 
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240 100 12 5 278,000 

241 24 12 5 604,000 

242 14 5 5 414,000 

243 50 20 5 371,000 

244 43 15 9 215,000 

245 50 13 11 335,000 

246 187 15 15 296,000 

247 278 35 31 304,000 

248 205 43 41 691,000 
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Supplementary Table 6.2 Univariable mixed-effects logistic regression analysis of 

subclinical mastitis (defined as CMT score ≥2) regressed against quarter level 

variables (P ≤ 0.3) of 3,491 quarters of 880 buffalo in 248 buffalo farms expressed 

as odds ratio (OR), 95 % confidence interval (95 % CI), and P values. 

Variable 

name 

Categories 
N  

(quarter) 

SCM  

Positive 

(P/N %) 

Odds ratio 

(95 % CI) 

P 

Front-hind 

quarter 

position 

Hindquarters 1,744 442 (25) Reference 0.012 

Front quarters 1,747 494 (28) 1.3 (1.1 to 1.6)  

Left-Right 

quarter 

position 

Right quarters 1,746 441 (25) Reference 0.006 

Left quarters 1,745 495 (28) 1.3 (1.1 to 1.6)  

Rearing 

system 

Free-ranging 641 157 (24) Reference 0.004 

 Semi-intensive 814 196 (24) 1.0 (0.5 to 1.9)  

 Semi-free-

ranging 

1,461 369 (25) 1.0 (0.6 to 1.8)  

 Household 308 96 (31) 1.8 (0.8 to 4.1)  

 Intensive 267 118 (44) 6.5 (2.2 to 

19.2) 

 

Teat shape Cylindrical 2,684 671 (25) Reference 0.002 

Bottle 445 120 (27) 1.3 (0.9 to 2.0)  

Funnel 326 124 (38) 2.2 (1.4 to 3.3)  
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Supplementary Table 6.3 Univariable mixed-effects logistic regression analysis of 

subclinical mastitis (defined as at least one of the quarters has CMT ≥2) regressed 

against buffalo level variables (P ≤ 0.3) of 880 buffalo in 248 buffalo farms expressed 

as odds ratio (OR), 95 % confidence interval (95 % CI), and P values. 

Variable 

name 

Categories 
N  

(buffalo) 

SCM  

Positive (P/N 

%) 

OR (95 % CI) P 

Rearing 

system 

Semi-intensive 204 94 (46) Reference 0.022 

 Semi-free-

ranging 

366 172 (47) 1.0 (0.7 to 1.5)  

 Free-ranging 164 82 (50) 1.2 (0.8 to 1.8)  

 Household 77 45 (58) 1.7 (0.9 to 2.9)  

 Intensive 69 49 (71) 3.1 (1.5 to 6.3)  

Age (years) >6 to 8 201 91 (45) Reference 0.088 

>8 to 20 351 167 (48) 1.2 (0.8 to 1.7)  

2.5 to 6 313 174 (56) 1.5 (1.0 to 2.2)  

Breed Indigenous 457 217 (47) Reference 0.220 

Crossbreed 416 221 (53) 1.2 (0.9 to 1.6)  

Stage of 

lactation 

3 or less 262 123 (47) Reference 0.329 

3.1 to 6  436 215 (49) 1.2 (0.9 to 1.7)  

6.1 to 9 107 58 (54) 1.5 (0.9 to 2.5)  

9.1 to 20 50 28 (56) 1.5 (0.8 to 2.8)  

Average milk 

yield  

3L or less 659 315 (48) Reference 0.079 

>3.1L  138 81 (59) 1.5 (1.0 to 2.3)  

Udder 

symmetry 

Symmetrical 579 264 (46) Reference <0.001 

Asymmetrical 282 166 (59) 1.8 (1.3 to 2.4)  

History of the 

previous CM 

No 845 417 (49) Reference 0.018 

Yes 31 24 (77) 3.1 (1.2 to 7.8)  

History of 

abortion 

No 856 425 (50) Reference 0.059 

Yes 21 16 (76) 2.8 (1.0 to 8.2)  

Number of 

milkers on 

the farm  

Multiple 

persons 

411 184 (45) Reference 0.006 

Single person 460 254 (55) 1.5 (1.1 to 2.0)  
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Supplementary Table 6.4 Univariable linear regression analysis of log10-

transformed bulk milk somatic cell count regressed against the farm level variables 

(P ≤ 0.3) in 242 buffalo farms in Bangladesh expressed as geometric mean BMSCC, 

coefficient (β), 95 % confidence interval (95 % CI), and P values. 

Variables Categories 
N 

(farms) 

Geometric 

Mean BMSCC 

(cells per mL) 

𝛽 95 % CI P 

Type of rearing 

system 

Semi-free-

ranging 
103 200,062 Reference  

0.104 

Free-ranging 48 209124 0.02 -0.09 to 0.13  

Semi-intensive 54 217,231 0.04 -0.07 to 0.14  

Household 33 273,311 0.14 0.01 to 0.26  

Intensive 4 412,120 0.31 
-0.005 to 

0.63 

 

Farm area 

Costal 34 179,595 Reference  <0.001 

River basin 130 181,945 0.007 -0.1 to 0.1  

Inlands 33 262,488 0.17 0.02 to 0.31  

Semi-costal 40 359,579 0.30 0.2 to 0.4  

Islands 5 391,254 0.34 0.06 to 0.6  

Season 

Winter 77 172,390 Reference  <0.001 

Rainy 3 235,333 0.17 -0.17 to 0.51  

Summer 72 279,889 0.17 0.08 to 0.27  

Spring 88 371,659 0.32 0.23 to 0.41  

Autumn 2 513,000 0.52 0.11 to 0.93  

Communication 

with the 

employees 

Irregularly come 

to see the farm 
35 169,831 Reference  

0.048 

No employees 119 205,757 0.08 -0.04 to 0.20  

Good contact 

with the staff 
68 250,534 0.17 0.04 to 0.30 

 

Scarcely come to 

meet the staff 
11 280,420 0.22 0.003 to 0.43 

 

District 

Mymensingh 8 109,691 Reference  <0.001 

Moulvibazar 37 128,102 0.07 -0.13 to 0.27  

Chattogram 41 156,181 0.15 -0.05 to 0.35  

Jamalpur 30 167,165 0.18 -0.02 to 0.39  

Rajshahi 39 224,819 0.31 0.11 to 0.51  

Dhaka 1 296,000 0.43 -0.12 to 0.98  

Bhola 39 312,075 0.45 0.25 to 0.65  

Noakhali 45 412,528 0.57 0.38 to 0.77  

Laxmipur 2 481,128 0.64 0.23 to 1.05  

Buffalo type 

Swamp type 23 124,163 Reference  <0.001 

River type 179 232,891 0.27 0.13 to 0.41  

Mixed type 24 246,164 0.30 0.11 to 0.48  

Wallowing 

water source 

River 82 173,087 Reference  <0.001 

Combination of 

sources 
13 199,154 0.06 -0.1 to 0.2 

 

Tube-well 17 220,651 0.11 -0.05 to 0.3  

Deep Tube-well   0.13 -0.006 to 0.3  

Pond 39 338,724 0.29 0.2 to 0.4  

Feeding system Stall feeding 6 200,228 Reference  0.240 
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Mixed feeding 

system 
124 201,821 0.002 -0.26 to 0.27 

 

Grazing 109 237,405 0.07 -0.19 to 0.34  

Supplied feed 

Concentrates 8 143,326 Reference  0.006 

Roughage and 

concentrates 

76 
179,715 0.02 -0.33 to 0.37 

 

Straw and 

unconventional 

local feed  

5 

150,552 0.10 -0.13 to 0.33 

 

No additional 

food  

29 
220,935 0.19 -0.06 to 0.44 

 

Roughage 121 254,471 0.25 0.02 to 0.47  

Source of 

buffalo 

Take care on a 

contract basis 
5 81,376 Reference  

0.004 

Stock or 

purchased 
133 204,132 0.40 0.12 to 0.68 

 

Purchased 20 211,779 0.41 0.11 to 0.72  

Stock 79 250,770 0.49 0.20 to 0.77  

History of any 

buffalo 

mortality with 

known disease  

No 119 201,681 Reference  0.1 

Yes 119 235,035 0.07 -0.02 to 0.1 

 

Restraining 

during milking 

No 108 187,688 Reference  0.008 

Yes 128 243,152 0.10 0.03 to 0.2  

Fore stripping 
Yes 3 70,814 Reference  0.008 

No 236 220,411 0.49 0.13 to 0.85  

Method of hand 

milking 

Full hand 165 203,987 Reference  0.061 

Stripping 58 245,364 0.08 -0.02 to 0.18  

Knuckling 12 311,487 0.18 
-0.004 to 

0.37 

 

Udder hygiene 

Excellent 2 104,269 Reference  0.207 

Good 6 163,729 0.19 -0.3 to 0.7  

Poor 215 216,883 0.32 -0.1 to 0.8  

Fair 10 296,302 0.45 -0.04 to 0.9  

Score of 

milkers’ 

hygiene 

Excellent 4 114,786 Reference  0.067 

Good 60 195,289 0.23 -0.1 to 0.6  

Fair 168 232,126 0.30 -0.02 to 0.6  

Offering feed 

before milking 

Yes 101 237,347 Reference  0.005 

No 138 313,544 0.12 0.04 to 0.20  

Having a 

quarantine 

facility 

Yes 29 120,353 Reference  
< 

0.001 

No 209 236,499 0.29 0.17 to 0.41  
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12.8  Supplementary Figures 

Supplementary Fig 4.1 Description of the studies rejected with reasons 
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Supplementary Fig 5.1 Location of the 16 buffalo farms in the Noakhali and 

Bagerhat regions of Bangladesh 
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Supplementary Fig 5.2 Bulk milk somatic cell count of the 16 buffalo farms in 

Bangladesh's Noakhali and Bagerhat region. A total of 10 farms had BMSCC < 

200,000 cells per mL of milk, and 6 farms had ≥ 200,000 cells per mL of buffalo 

milk. 
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Thank you very much! 

 

 


