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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 weasluatedy measuring bulk milk somatic cell
count (BMSCC) on buffalo farms and total bacterial count (TBC), total-aoreus
staphylococci count (TNAS), totabtaphylococcugS) aureus count (TSA), total
Enterobacteriaceae count (TEC), and the presence of zoonotic pathogens along the water
buffalo milk chainin Bangladesh. A total of 248 water buffalo farms from nine buffalo
concentration districts, comprising 51 frsmge, 106 serfreerange, 33 househdd
54 semiintensive, andour intensive buffalo farms, were visited to collect individual
quarter milkto diagnose SCM using CMT; BMSCC was also measare@rms. One
hundred twentytwo farm bulk milk samples109 middlemen milk samples, 111 milk
collection centes;, and 35 milk product samples wearellectedand assessed for TBC,
TNAS, TSA, and TEC. A siget of these samples, comprising farm bulk milk (n = 34),
themiddleman (n = 37themilk collection center (n = 37), and milk products from shops
(n = 35), were analyzed using rgmhe PCR to estimate the prevalence of seven
important zoonotic pathogerss. aureusEscherichiaE.) coli, Shiga toxirproducingE.
coli O157:H7,CampylobactefC.) jejuni, Listeria (L.) monocytogenesalmonellaS)
entericg andYersinia(Y.) enterocolitica Quarter, buffalofarm leve| and milk value
chainrelated data was collected using questionnaires and observations. The overall SCM
prevalence was high at the quarter level (28)%and the buffalo level (51%). Non
aureus staphylococci were the predominant -dgiociated bacterial species. The
proportion of noraureus staphylococci dammaliicoccus sciufNASM), S. aureus
and other bacterial species identified in the buffalo quarter samples varied between
buffalo farms. An intensivbuffalo-rearingsystem, teats on the left, funreklaped 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
hygienerelated 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,SaralireusFarm management
related risk factors for IMI were thailking frequencyand 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 byS. aureusPoor BCS showed higher odds of IMI from any pathogen
andby NASM. Progressively increasing TBC, TNAS, and TEC levels were observed
along the milk value chairP(< 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
cleanlness score for the milk containers. Farms located in coastal areas were associated
with high levels of TNASZoonotic pathogens' prevalensereased over the water
buffalo milk value chain. Three classical enteroteantoded genes f&. coli O157:H7

were testedeag stx], andstx2,of which thestx2 genotype was the most prevalent in
milk products (74%). L. monocytogeneand Y. enterocoliticavere more prevalent in

the farm bulk milk (6579 %) than in the later milk value chain nodes. The prevalehce o

S. entericawas low (0- 2.9 %) in all the milk chain nodes, and all the samples were
negative forC. jejuni Using plastic containers and dirty clothexlean milk containers

were the risk factors associated with contamination by zoonotic pathogbesirifalo

milk value chain.

There was a high prevalence of animal goarter levelSCM, but the overall mean
BMSCC was satisfactory. A higher prevalence of SCM and BMSCC was observed in
intensive farms than in fremnge or semintensive farms. No@ureus staphylococci

were the most prevaleii¥ll -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 végh. 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

INTRODUCTION



CHAPTER 1

GENERAL INTRODUCTION

Livestockis an integral component 8angladests agrebased farming system amnsl
the primary proteindraught powerand manurdased organic fertilizer sour¢gddin
et al., 2011)It also serves as @rincipal source of employnré. The vestock sector
contributes 20% of the employmentfor the entire populatiorand providespartial
employment for another 5% (DLS, 2022) It is estimated that in 2022022, livestock
madeup 1.9% of the Gross Domestic Product (B8] and the GDP growth rate was 3.1
%, higher than in any year since 268008.The Upazila veterinary hospitals (UVH), a
part of the government livestock servicesllect buffalo population data at the sub
district level in Bangladesh. Datallectiononthe number of farmis managd through
a census by the UVH every yedrhe arrent dairy productionin Bangladesh is
dominated by 24.7 milliomead of cattle and 1.5 million headkafffalo (DLS, 2022)
The annual milk output has grown from 0.72 million metric tons in 2006 to 13.1
million metric tons in 202122, ensuring milk availability @00mL per person per day
failing to meet the requirement 250 mL(DLS, 2021) Milk demand is increasinfgster

than suply, andproduction is still insufficient.

In recent years, urbanization, education growth, a drop in poverty, and a rise in
purchasing power have indeed changed peofded preferencescausing them to
demand more animalerived food products such adknmeat, butter, cheese, iceeam,
andlocally made traditional sweetahich areprocessed frormilk (Uddin et al., 2011,
Nahar et al., 2022)Therefore the Bangladesh government has enforegatiority on
dairy development in recent yedrg launching large projects like theivestock and
Dairy Development Projett(Worldbank, 2022)with 500 million USD in financial
support from the World Bank for the developmentiweéstock value chain and food
safety; providing thefree distribution of vaccinesrom the Banghdesh Livestock
Research institute since 1998fering cash incentives to the farmgend exempting
pasteurized milk from value added taxencouragelairy farmers and meet the nesaaf
thecurrent milk deficit(Uddin et al., 2011; Hamid et al., 2016b)

Water buffalo (Bubalus bubalig is the secon¢highest contributor to global milk
production ands South Asia's primary milproducing dairy specigdinervino et al.,

2020) Water buffaloare known for their better ruminal fermentation and nitrogen



utilization capacitythan dairy cowsiesultingin higher efficiency intheir ability todigest
low-quality feed convertit into high-quality meat and milk, and resistany diseases
(Jabari et al., 2014; Deb et al., 2016; Samad, 20®Mter buffalo contributes
significantly to the total nationaimilk productionin neighboringAsian countriese.g,
India (56%), Pakistan (6%6), and Nepal (650), whereasvater buffalo contribute ol
3 - 4 % of the total milk production in Banglade@Hamid et al., 2016a; Hamid et al.,
2016b) Although waterbuffalo arean important livestock species in Bangladekky
have never been prioritizedr used toimprove milk and meat production potential
However,water buffalo are essential tahe national economgHamid et al., 2016a)
Therefore, there is aubstantial potential foan increag in water buffalo farming in
BangladeshLarge coastal areand numerous existing and developirglands could
provide feed resource$his speciesauld be exploited byimprovingbuffalo husbang
to meetan additional source of milk to close the existing demand and supp{$aeaqad,
2020)

Water buffalo are sporadically distributed across the countaynly in the freerange
basedouffalo-rearingsystem in the saline coastal area or household subsistence in river
basin areas of Bangladeghfew intensive buffalo farms are managed under government
or private initiativesmainly usedfor breedingFaruque et al., 1990; Hamid et al., 2016a,;
Samad, 2020)The buffalo population in Bangladestprsmarily theindigenous riverine
type, except forafew swamptype buffalo in the eastern part of the country. However,
some highyield crossbreesiof Murrah, Nili-Ravi, Surti, and)afarabadare alsdarmed

in the aressurrounding the Indian bord@Hamid et al., 2016a; Hamid et al., 2016b)
Buffalo are primarily reared for milk and meat producti@md partially to overcome
draught issues Bangladesh's coastal and semoastal districts surrounded by the
MeghnaGanga and the JamuBsahmaputraiver floodplains, are theritical areas of
buffalo conentration, where 48 of the buffalo population in Bangladestkept This

is due tothe availability of fallow pasture land and green forag@suque et al., 1990;
Hamid et al., 2016b)The daily milk production per buffalo (2:388.5 Liters) is higher
than themilk yield from indigenous cattleand the milk has highfat percentage
rangingfrom 6.8 - 13.2% (Faruque et al., 1990; Hamid et al., 2016b; Habial., 2017)
Therefore this milk has a higher nutritional potenti@ian be soldt a better priceand
contributesto minimizing the current milk deficit in the country. Buffalo milk production

andsalearecarried outdirectly by producers, vendors, and commercial milk processors



(Hamid et al., 2016aHowever, mastitis is consideregignificanteconamic concerrin
water buffalo, especiallyn developing countriesvhere the animals are farmed in

conditions that sometimes do moed the basic hygieneequirements

Mastitis is an inflammation of the mammary gland that cadisgBnental effects othe
guality and quantity ofmilk in dairy animals especially cowspuffalo, and goats
(Hussein et al., 2020; Krishnamoorthy et al.,, 2021a; Bari et al., 202&)lting
significant economic losses, increasing antibiotic use, and impairing animal welfare
(Sinha et al., 2014; Ahmed et al., 2018; Badua et al., 2@82@)galo mastitisis notably
caused by bacterid intraamammaryinfection (IMI) (Moroni et al., 2006; Badua et al.,
2020) leadingto pathologicachanges in milk, the uddeand/or the animal. The changes
can be clinical or subclinical. Clinical mastitis (CM)water buffalocan be diagnosed
throughvisible changes in the milk or the udderhéh it cannot be determinéarough
manual palpation or visual examination, it is defined as subclinical mastitis (SCM)
(Baloch et al.2016; Javed et al., 2028ubclinical mastitis ithree 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 2021) Subclinical mastitisn water
buffalo can bediagnosedy directy measuringhe milk somatic cell count (SCC) using
asomatic cell countgdhambh et al., 2017; Kaur et al., 20118)contrastthe California
mastitis test (CMT) is a qualitative test that measures the SCC indingééymainly

used to detect SChh individual animas or quartergBaloch et al., 2018; Islam et al.,
2019)

Bacteriological culturés areliabletestfor determiningiMI for CM and SCMin dairy
animals(Constable et al., 2016; Smistad et al., 203#)I, it is not a routine practice in
Bangladesh due tie lack ofavailability of technical facilitiesthe lack of awareness of
farmers,andthe inadequate numbers &ield practitioners(Hamid et al., 2016b)IMI
identification in water buffalo isritically important particularlyfor SCM, asthe clinical
signs remain unned, and affected animals may act as reservoirs for other healthy
animals in the her@Ali et al., 2014; Pizauro et al., 201%Yaterbuffalo areknown to be
less susceptibl® mastitiscompared to dairy cows because of anatahdifferencesn
the mammary gland. For example, water buffadwea long narrow teat canand a
thicker epithelium and keratin layerwhich may preven easy invasion of
microorganisms. The high milk fat is al$typothesizedo overlay and protect the

epithelial layer of the teat linin’homas et al., 2004)



Data onthe prevalence of SCM invater buffalo inBangladesh is not robusA few
previous studieBavedemonstrated a varied prevalenéd 1- 28 % intheBhola district

in Bangladeslfislam et al., 2019; Biswas et al., 2020; Aliul et al., 202Igwever, he
actual prevalences probably much higher and more varialmethe large buffalo
population because of the diversification duffalo-rearing systens, buffalo
management, and farmelated factorswhich could result ira widevariability of IMI-
causingpathogen exposure. Previous séisitdentifying the risk factors of SCM in water
buffalo are limited in Bangladeshif not absent. A previous study shedthat SCM
prevalence was higher in buffalo < 5 years of ageimedrly lactations (- 2" parity)
(Biswas et al.,2020) However, no further information is availaplr example,
reporting the association gtiarter levefactors(e.g, teat shape or teat lesignanimal
level factors(e.g, milk yield, previous history of CMindpregnancy statiisandfarm
level factors (e.g, type ofbuffalo-rearingsystem, type of hand milking, preilking
stimulation,and milkers and udder hygiene Therefore, a nationwide cressctional
study couldhelp estimatehe prevalence of SCMgdentify IMI-causing pathogens, and
deermineassociated 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 iliness or (Rthinard and Riollet, 2006; Addis et al.,
2016) Still, milk may be contaminated bybacteria including Staphylococcys
StreptococcuysBacillus Micrococcus Corynebacteriumand occasionaftlcoliforms when
excretes via the teat canal and touches the tea(\8Kiite et al., 1989; Svennesen et al.,
2019) Milk mayalsobe contaminateathen the animal suffers froensystemidnfection,

from theudderas a result of IMlpr throughcontamination from the environmeshiiring
thecollection and storage of milloe Buyser et al., 2001; Verraes et al., 2015; De Silva
et al., 2016)Most buffalo farmersre rural smalholder farmers who usualkeepthe
animals in a traditional crelivestock integrated system with little technical
understandingf buffalo productioror milk hygiene(Hamid et al., 2016b; Habib et al.,
2017) Thereis alsoa lack of government support and training facilities to upgrade their
knowledge(Habib et al., 2017)Therefore, nik can also be contaminated by various
types of microorganismsainly because of inadequate technical knowledge related to

water buffalo husbandryor example, poor udder health and unhygienic handling of raw



milk duringtransportation and processiapng thewater buffalomilk production chain
in BangladesiiHamid et al., 2016b; Samad, 2020)

Bulk milk somatic cell counts a marketability thresholdor milk quality in many
developed countriedroendle et al., 2017Milk somatic cellsin dairy animalgnainly
include neutrophils, lymphocytespacrophagesand some epithelial cellsfrom the
epithelium lining of the alveoli and dudtlhussien and Dang, 2018)evds of somatic
cellsin milk usually increaseén water buffalowith the onset of inflammation in the
mammary glandmainly in response tanIMI (Moroni et al., 2006)Previous studies on
BMSCC in Bangladeshre scarce due to a lack of awareness of its use and thef lack
somatic cell counters. In international standdat drinkable milk a BMSCC below
200,000cellspermL indicates healthynilk in dairy cowgBarkema et al., 2013; Norman
et al., 2013)with manyEuropearcountriesconsideing 400,00CcellspermL acceptals.
The acceptable BMSCC limit in Canadas reported to b&00,000cells per mL
(Barkema et al., 1998; Sargeant et al., 19%)other countrigslike the USA, the
standard legal limit for SCC initk was reportedo be750,000 cells per m(Norman
et al., 2019) but tke limit varies betweestates.However, there is nacknowledged
threshold for BMSCC in water buffalo yet.

In previous studies, itk quality in dairy cows and small ruminariss beerassessed
throughdifferentbacterial count parametersg, total bacterial count (TBC), tothlAS
count (TNAS), andiotal Enterobacteriaceamunt (TEC) (Ndahetuye et al., 2020a;
Berhanu et al., 2021; Khaldi et al., 2022ptal bacterial counn dairy cowsinvolves
guantifying bacteria in milk from different contamination sourcesch as milking
equipment, milk handlers, and environmental nighesraes et al., 2015; Berhanu et al.,
2021) Thelegal limit for TBCof consumable raw milkuggestdin theEuropeartnion

is less tharl x 10° CFU for cow milk and 1.5¢ 10° CFU permL in milk from other
speciesiEuropean Commissiolo 853/2004). On the other hand, manufacturing cheese
from noncow raw milk should meea TBC count lower than % 10° CFU per mL
(Pasquini et al., 2018According tothe New South Walefood authority standasithe
legal limit for TEC count should b&0* to <10% and theE. colishould be 3 td 0 CFU per

mL.

Consequentlyidentifying factors associated with elevated bacterial counts is necessary to
identify measures to maintain the hygienic quality of the milk and milk prodUisesmlk

value chain in Bangladesh ison-structured with the essentiainfrastructure for



production inpti being insufficient for the transportation and processing of milk and
lacking proper milkhygienepracticeqUddin et al., 2011; Nahar et al., 202&licrobial
contamination of the raw milknay vary dependhg on the education status and attitude

of the milk handlers anahilk hygiene during milk handlinffom production on the farm

to further processindislam et al., 2018; Berhanet al., 2021) Additionally, the
traditionally (raw) fermented yogurt prepared from raw milk witb pasteurization is
Bangladesh's most popular buffalo milk productalt be a source of human pathogenic
organisms(Khaton et al., 2014; Habib et al., 2028) previous studyon 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 rafianifiroune

et al., 2016) Long storage times and improper st@dagmperatures could also result in
bacterial multiplication and increase consumer health ($ksari 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 befoherfur
processing could therefore be necessary to reduce the bacterial contamination from pre
harvesting (milk excretion) to pobtarvesting (collection, storage, processing, and
distribution) of buffalo milk and milk products. To the authors' knowledgepnewious
studies have reportezh bacterial contamination and associatedsalong the milk value

chain in raw buffalanilk and dairy products in BangladedStherefore, assessment of udder
health and milk quality and identification of the control meas@e needed to improve

buffalo milk production in Bangladesh
1.1 General objectives

The presenPh.D.project thereforeaims to fulfill the following objectives:

i) Conduct a systematic review and mataalysison the pevalence, etiology, and risk
factors forSCMin water buffalo

i) Estimate the prevalence of SCM, identify risk factors associated with SCHarnd
levelrisk factorsrelated taBMSCCin water buffalo in Bangladesh,

iii) Estimate the prevalence and identify rifkctors associated with IMiausing
pathogengn water buffalo in Bangladesh,

iv) Explore the vater buffalo milk chain anatlentify factors affectingdMSCC and
bacterid counts by measuring TBC, TNAS, TSA, and TEC in Bangladamsth

V) Estimatethe prevalence okoonotic pathogens in the milk and milk products
alongBangladesh'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 psmary sources of milk, meat, and meat
products.They are the second most significdairy species after cows. Importantly, in
India, Pakistan, and Nepal in southeast Asiterbuffalo arethe principal contributor

of milk and meat.Despite sharing the same geographic location and topographical
environment, Bangladesh trails its neighdoin buffalo production Moreover,
Bangladesh is at risk of not having enough feed sources to produce dairy due to ongoing
global climate changén these circumstancgsuffalo may serve as a potential aninmal

terms of its adaptability to harsh condit®with limited feed resourcesdisease
resistanceandbetterquality milk and meat productioithe purpose of this chapter is to
review the pertinent research and describe the features of the buffalo population, the
pathophysiology of the mammary glanduffalo milk quality and buffalo milk
microbiota The final aim of this chapter is to find out the knowledge gaps and
demonstratéherelevanceof conducting the present study.

2.1 Water buffalo are an important livestock species

Water buffalo Bubalus bubak) aremembers ofhe family"Bovidaée and the sutfamily

of "Bovina€'. Water buffalo aréelievedio have received their name becatlnssy prefer
riverine habitats Two types of watebuffalo exist the swamp type and the river type,
both known to belesended from a wild Asian water buffalBi{balus arneg(Presicce

et al., 2017)Rivertype 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 tBalkans and the Italian peninsyldorgan et

al., 2007) The genetic makeup and extal appearance of water buffalo of the river type
differ from those of the swamp type. The chromosomal count of-typerbuffalo is
higher than that of swarrype buffalo (50 vs48). In contrast to swardAype buffalo,
which prefer to mudvallow, rivertype buffalo prefer to wallow in fresh water. Their
horn anatomy demonstrates the primary anatomical differ&@mptype buffalohas
larger horns oriented laterally or horizontaynwdthe horns of rivetype water buffalo

are shorter and firmly curled all directiongFig. 2.1) Chinahas the highest totalvamp
buffalo population and Indiawith the mostriver-type buffalo. China contains 636



swamptype buffalg and India 66 river-type(Zhang et al., 2020There are 12Bnown

buffalo breeds, 90 in Asia alone, many of which are local, and 15 breeds have been
recorded as transboundafiylason, 1951)The Nili-Ravi, Kundi, Murrah Jafarabadi

and Mediterranean breeds are the most known among théypeebuffalo(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 dpen Turkey, there is the Anatolian breed; in
Egypt, the Egyptian breed; in Iraq, the Khuzestani or Iragi breed; in Azerbaijan, the Azeri
or Caucasian breed; and in Iran, there are the Azeri and Khuzestani. ieie@dshas
recognized 18 known breeds/stia of swamp buffalo, while Indonesia has identified
around seven breeds/straifigiwulanningsih and Praharani, 2006; Yang and Zhang,
2006; Hamid et al., 2016a)n Bangladesh the buffalo population comprises
indigenous notdescriptive riveitype buffalo, and the cross breeds of indigenous non
descriptive breeds either with migrated ritgpe buffalo from India or swarafype

buffalo migrated from MyanmaHamid et al., 2016a)
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Fig. 2.1 Differences in horn structure between swamgype and river-type buffalo

Mediterranean

Photo source: UHB team and Canagvaphic design platform



2.2 Water buffalo population in the world and Bangladesh

An estimated 208 million water buffalre found in 77 nations acsoive continents
(Minervino et al., 2020)The evolution of thglobalwater buffab herd is shown ifrig.

2.2 using data from 1968 to 2018; over these 50 years, the population of buffalo herds
has increased by 9728worldwide.The globabuffalo population hasmcreased by about

40 % from 1968 to 2018.
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Fig. 2.2 Trends in the global buffalo populationduring 1968-2018

Africa —Americas —Europe —Asia

(A) The global buffalo population over the previous 50 years (12&B3); (B) The

global buffalo population over the previous 50 years (12&B3), displayed by
continent. The count for Asia is shown on the right red axis. The left axis depicts Europe,
Africa, and AmericgMinervino et al., 2020)

About 197 million buffalo heads of water buffalo &endin Asia (97%). South Asia
accounts for 71 % of thglobal buffalo population in Asidt should be emphasized that

the buffalo population in Asia is steadily growing, Butrope's population declineahtil

1998 (Minervino et al., 2021) Due to the water buffalo breed development and
expansion of thecheese industryonly 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 preteablyreplaced

by hightyielding cows and mecharation (Minervino et al., 2020)Therefore, water
buffalo can be considered an ecomecally important livestock species in South Asian

countries and ltaly.

Bangladesh only has 1.5 million buffglDLS, 2021) with roughly 40% concentrated
in the coastal area$here are also a few buffalo pocketgluding 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 productioriSohel et al., 2015)n Fig 23, thedistrict-level buffalo
populationin Bangladeslis shown.
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Fig. 2.3 District -level buffalo heads in BangladeshData source:LDDP (2019)

Buffalo in Bangladestcan primarily be split into two categoriegi) indigenous non

descriptive rivettype buffalo located in the country's coastal regions and marshlands,

and (ii) migratoy buffalo from India and Myanmar found in the sugarcane belt an&Cox
Bazar district, respectivel{Saadullah, 2012)The migratory buffalo from India are
primarily of the river type, and those from Myanmar are of the swasp@ However,
some crossbred between the two spea@sbe seen in the coastal ateal960, a small
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number of NiltRavi buffalo were brought into Bangladesh from Pakistan to provide local
farmers with breeding bulls. After that, in 1990, the Departroéhivestock Services
(DLS) brought in one hundred pregnant heifers of the-RBlvi breed from Pakistan.
These buffalo were raised in the Bagherhat district on a newly formed government farm
specializingin buffalo breeding However at presentthe gendic merit level of the
subsequentprogeny of these purebreds has been reduced duediscriminate
inbreeding. In addition to this, artificial insemination has been carried out in 39 Upazila
(subdistricts) throughout 13 districts in Bangladesh betweeligénous buffalo and
Italian Mediterranean semen since the year 208secrossbreed watéuffaloare now
sporadically distributedthroughout the country. Theyare concentrated in the
Brahammaputrdamuna floodplain anthe MeghnaGanga floodplain(Faruque and
Hossain, 2007)Around the Indian bordgsome crossbreeds$ the nordescriptive breed

with Murrah, Nili-Ravi, Surti, andJafarabadiare also knowr(Faruque et al., 1990;
Borghese, 2005)In general, mdigenous nomlescriptive varieties of water buffalo are

the only recognizedativebreedin BangladesltiFaruqueet al., 1990)
2.3 Global features of the buffalo milk production

Buffalo milk productionreached 12 million tons in 2018, accounting for 25 of global
total milk production(Minervino et al., 2020)It's interesting to note that between 2011
and 2018, buffalo milk productiomasgrown by 32%. About 98 percent of the world's
buffalo mik is produced in only ten nations (India, Pakistan, China, Egypt, Nepal, Italy,
Myanmar, Iran, Colombia, and Braz{lMinervino et al., 2020)South AsianSAARC
countries produce 9% of the world's buffalo milk, with India and Pakistan contributing
68 % and 2 %, respectivelyHamid et al., 2016a)rhe buffalo is the mostimportant
milk-produgng animal in India and Pakistawjth a much higher population thaows
(Minervino etal., 2020) Dueto a lack of data ohuffalo milk production, the amount of
milk produced globally is probably underestimated. Currently, 50 of the 77 nafitbns
buffalo populations do notport any information obuffalo milk production these 50
countries account for 7.5 million buffalo, approximat&y of all known buffalo
populations worldwidg FAOSTAT, 2019) Among the buffalegproducing countries,
only Italy has so far built a buffalo milk traceability system that collectstiea data

on buffalo milk production at the national le€appelli et al., 2021)
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In Bangladesh, buffalo are farmed in household subsistencexagassivefarming in
saline coastal regions adraft animal and partially for milk and meat product{gtfamid

et al., D16a) Buffalo milk production in Bangladesh@s04 million tonnes, which shares
only a negligible amount of total national milk (4 %) compareakighboring countries.
The average annual buffalo milk production is 407 lifges animal, lower than
neighboring countries. A comparative milk production scenario from SAARC countries

is given inTable2.1.

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

countries (Hamid et al., 2016a; Minervino et al., 202D

Region/ Country Buffalo population Milk production Annual milk
(million heads) (%)  (million tons) (%) 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 areraised across Bangladesh, with concentrations in coastal salty, plain, marshy,
and hilly areas, depending on fesdhilability. Buffalo are raised unddour production
systems based on land area and :type-range orextensive householdsubsistence,
semkintensive and intensivéFig. 2.4) In the lower coastal area, buffalo are reared using
the freerangerearing system locally known dbathari. Bathansystem comprises
offshore islands, mudflats, and newer accretions. Coastal regions featansie
vegetationfor grazing, and farmeratilize buffalo for milk and meat. The herd size
ranges from 6 to 600 animals and is raised on natural grazing witle lor no
supplemental feefDeb et al., 2016; Habib et al., 201 Theanimalsrely only on grazing

on fallow land in rema islandsandbuffalo are alsmoved to various islands depending
on green roughagavailability. Householdbuffalo are raised in stalls with &hours of
grazing in the backyard or on public property wiitile or no additionalfeed
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supplementationHerd size averagesd, with a maximum of 10. Senmtensiveherd

size averages-45 animalsandbuffalo areshifted from bathanslose to thénouseholds
mainly in coastabr semicostallocationsin rice harvesting seasoin intensive rearing,
buffalo rerd size range from 20 200 animals are always kept in the shed and bathed
and £d. In winter, buffalarebathed twice a day and three times in sumghamid et

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

Intensive

Bathan/ free-
ranging

._.'\ ||' o | p. B o
il Somi tntomive |

e

Fig. 2.4 Five different buffalo-rearing systems inBangladesh

Photo source: UHB team.
2.4.2 Buffalo diseases

Hemorrhagic septicemia, calf pneumonia, helminthiasis, enteritis, and mastitise
primaryinfectiousdiseases iwater buffalan Bangladeslfislam et al., 2016a)slam et

al. (2016a)found that 64 % of buffalo had gastrointestinal parasit&ome other
infectiousdiseasesre bubaline herpesvir€aruso et al.2016)and various zoonotic
diseases, such asryptosporidiosis, leptospirosis, giardiasis, salmonellosisd
tuberculosis(De Barros et al., 2020; Minervino et al., 202Rjolonged acyclicity
postpartum anestrus, alosingembryos or fetusearethe few most knowneproductive
issuesn water buffalo(El-Wishy, 2007; Qayyum et al., 201&uffalo is also affected
by several metabolic diseasesg, ketassis and hypocalcemia, mainly during the early
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postpartum periodKrishna et al., 2014However, priorglobal researcindicatesthat
mastitis isone ofwater buffalés most important infectious diseagdbmad, 2001; Abd
Elrahman, 2013; Pizauro et al., 2014)

2.5 Mastitis in water buffalo

Mastitisis an inflammation of thenammary glandmainly resulting from the penetration

of pathogens into thgland. Clinical mastitis islefined as inflammation with visible
symptoms likechanges in milklocal symptoms of the uddeand systemic symptoms
(Fig. 2.5). Subclinical mastitis is defined as inflammation without visible symptoms and
can only be identified by measuring inflammatangicators in the milk. (Fig. B).
Currently, SCM in waterbuffalo are diagnosed either by direct measurement of the
somatic cells by thesomatic cell count (SCC) andirect assessment byultiple
screening test$or exampletheCalifornia mastitis tet (CMT)or Electrical conductivity
test(Dhakal et al., 2008; Hussain et al., 2018; Aldujaily et al., 2&Agnosis of SCM

can be performed at the quart®rel by testing individual quarter milk samples or at the
animal level by testing the composite nmskmples 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 IMiausing pathogens, and determining
underlying risk factorgMoroni et al., 2006; Sharma and Sindhu, 2007; Salvatat.,
2012) Particularly IMFcausing pathogens were studied for antimicrobial resistance and
biofilm-forming ability during episodes of SCM in water buffdldoque et al., 2022;
Selim et al., 2022; Urer et al., 2023 ecently, changes in lipidome or peptidomics
profiles have been described in water buffalo, which could explore possibilities to
identify the biomarkers of IMI in water buffa{@ddis et al., 2022; Ceciliani et al., 2022)
Importance has also been given to developing a somaticaeit threshold in water
buffalo (Dhakal, 2006) Also, previous studies attempted to explowe tblationship of
somatic cell count measurement with different influencing factors, such gsidibni

et al., 2006; Bang et al., 2022¢ffects of diseases other than mastitis, epidermal growth
factor, and genetic influencéSahoo 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 therapgGuccione et al., 2020)ymproving milking hygiene
(Sahin et al., 2016; Sannino et al., 201&) enhancing immunity through atldnal
dietary supplementation, e.g., Selenium, vitamin E and Zinc, antioxidants, probiotics,
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and herbal or medicinal plan{Shailja and Singh, 2002; Chandra et 2016; Yigit et

al., 2018) Overall, scientistsworldwide tried variousreative approaches to enhance

udder health, but mastitis remained an immense challenge in water buffaloneeds

more research

Table 2.2 Grading of subclinical mastitis using California mastitis testconcerning

somatic cell count and electrical conductivity test of quarter milk sample

Type of  Scores Definition Somatic cell EC
test count
Scorel No thickening (Healthy) < 200,00Ccells < 3.7
per mL mS/cm

Score2  Slightthickening
(Suspicious)

Calloma Scorea  Distinct thickeningSCM) ,
test Score4 Immediate thickening with O200,000cells 03.7

slight gel formation(SCM) per mL mS/cm
Score5 Strong gel formtionand

thesurface of thenilk

mixture elevate$SCM)

O

Buffalo California mastitis
test to detect
subclinical mastitis

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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Clinical mastitis

Mild (Grade -1)

Moderate (Grade-Il)

Severe (Gradelll)

—_ Changes in milk

Milk
Discoloration, clots, flakes or pus

Milk
Discoloration, clots, flakes or pus
——Changes in milk and udder

Udder
Swelling, hot, pain, read

Milk
Discoloration, clots, flakes or pus

Changes in milk and udder ag _Udder
well as system Swelling, hot, pain, red

Systemic

Fever, anorexia, recumbancy, death

Fig. 2.6 Grading of clinical mastitis based on the presentation of the clinicaigns

2.6 Prevalence of subclinical mastitis in water buffalo

In previous studiesSCMwasmainly diagnosed directly using somatic cell count (SCC)
and indirectly by CMT or surf field mastitis test (8F). The prevalence estimation

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

a test whose definition was uncertain. Given this, #ssessmenimay have
underestimated or overestimated #wtal prevalence of SCM in ater buffalo.A
general summary of the prevalerafeSCM in four South Asia countries is given in

Table 2.3
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Table 2.3 Overview of the Prevalenceof subclinical mastitis in South Asian

Countries
The Animal Quarter
Country References ST NLEEr - (el VL Threshold
of buffalo of herds prevalence prevalence
tested (%) (%)
Biswas et al. (2026) 70 2 20.0 NA Not Defined
Bangladesh
Islam et al. (2019) 40 1 33.0 NA Not Defined
Kaur et al. (2018) 81 1 28.6 10.6 > 400000 cells per
Jhambh et al. (201F% 217 1 31.8 17.1 > 50,000cells per
mL
Baloch et al. (2016) 210 NA 54.3 39.3 Pos scores 2 to 5
Pakistan Ali et al. (2014} 390 41.8 21.1 Pos scores 2to 5
Hussain et al. (2013) 592 10 NA 15.2 Pos scores 2to 5
Hameed et al. (2012) 382 NA 36.4 16.0 Pos Slime/gel form
Tiwari et al. (20223 50 NA 70.0 NA Pos scores 2to 5
Nepal Pos scoreg to 3,
Dhakal and Nagahate SCC > 200,00@ells
(2018 ¢ 355 NA NA 15.0 per mL.

EC < 3.7 mS/cm

Different dagnostic testsvereusedto detect subclinical mastitia:= CMT; b= SCC
c= EC; d= SFMTNA was noted when no data was given

2.7 Risk factors of subclinical mastitis in water buffalo

Previous studies reported various farm, animal, and qeepemific variables that
increased the prevalence of SCM in water buffRligk factors associated with SCM in
water buffalo ardériefly discussed below.

2.7.1 Breed

Previous studies shaa (Hussain et al., 2013; Islam et al., 2019; Aliul et al., 2QB4)
the prevalence of SCM was comparatively higher in Murrah or-R&li than in
indigenous nosdescriptive buffalo breed€omparedo the Murrah buffalo, the N#i
Ravi buffalo demonstrated a greater preneéeof SCM(Kaur et al., 2018)However,
the biological reasons for protaugj against SCM in buffalo breeds areknmown It's
knownthat indigenous cows are more immune to infections than crossbregdsoothat

they might have a decreased incidence of SR&flarding cows, local breeds are adapted
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to the environment and often produce less milk than crossbred cows, which may help

explan why crossbred cows are more susceptible to SCM than local varieties.
2.7.2 Age, parity, and lactation stage

Younger buffalo @3 years) had higherlikelihood of having SCMhanolder buffalo

(> 3 years)Salvador et al., 2012n dairycows it was shown thaildercows(> 3 years)

in thelaterlactationstage (> 6 months of days in milkad ahigherrisk of SCM (Olde
Riekerink et al., 2007)T'he gradual degeneration of the body's immuysésn with age
and anatomical alterations in the udder and the ptaysa role irmastitis development
proportional to thenimalage(Petrovski et al., 2009Buffalo, with 71" parity or higher
exhibited a substantial influence médirity on the prevalence (48) of SCM (Baloch et
al., 2018) Staphylococcuspp.is one of the most common causes of S@Mvater
buffalo (Sharma and Sindhu, 2007; Kumar et al., 2008; Joshi et al.,.2018pst cases,
staphylococci are responsible for chronic infectiamsmallpercentage of these cases
will never be treatedSmith et al., 2005)As a result, oldeanimalsare likely to
accumulatemoreIMI than younger animals, whiamay lead to a higher prevalence of
SCM (Bari et al.,, 2022)In the early lactation stagehe prevalence ofSCM is
significanty higherthan in late lactation in water buffal8alvador et al., 2012Because

in the early stags of lactation, animals may frequently experience more stress due to
parturition and postpartum events such as colostrum produasguiting in a high SCM
prevalencgBari et al., 2022)

2.7.3 Udder andteat 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 funneshapedKaur et al., 2018)There is a correlation between the udder
and teatonformationandahigher prevalence of SCNPrasad et al. (2018howed that
Murrah buffalowith longer,wider teatplaced closer to the floor had a higher prevalence

of SCM. In terms of the shape of the tead, SCM was observed more commonlihia

round (14%) teatends as opposed to pointed%d teatends(Kaur et al., 2018)When
protectng againstMlI, the teat is the first line of protection. Therefore, the morphometric
characteristics of the udder and the t€ktg. 2.7)are among the potential risk factors

that may predispose the animallkl (Okano et al., 2015)The udder and teat shape
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mayinfluence milkingtechniquesparticularly hand milkinglt wasevidenced thataws

and buffalo that are easy to milk haalwer risk for CM The high prevalence of CM

in hard milkers may beaused by the increased pressure applied during the milking
process, which might causgury to the mammary tissugélameed et al., 2012)

Teat shape

Conical /Funnel

Udder shape

Bowl Globular/ Round Pendulous / Cup

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 conditionsof a regionmay influence th&CM prevalence in water buffalo
(Dhakal et al., 2007)in Nepal, buffaloCM cases peaked in summer %}, followed

by autumn (326) and spring (Februa#xpril) (8 %) (Dhakal et al., 2007)in Punjab,
India, a higherincidenceof CM cases (3%86) wasobservedn monsoonghanin other
seasongBhutia et al., 2019)From early July to September in Punjab, India, monsoon
weatheremainshotand humid (above 8@ humidity). With frequent rainfloors in the
dairy shed get muddylhese conditionmay increase the proliferation dMl-causing
bacteriasuchasE. coli, in the environment, exposing dairy buffalo to thé€®harma et

al., 2012; Purohit et al., 2014; Gao et al., 2017 dairy buffalo, heat and dietary stress
in response to theeasomay also influence immunity and predisp@aselMI resulting

in a high prevalence of SCKeviletsu and Yadav, 2010)
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2.7.5 Housing ancherd size

A previous studyfound that backyardhoused NiliRavi buffalo had a highe€CM
prevalencehan those ifiree-range areasClinical mastitis wasnost elevateth animals
kept on bricks, followed by those on cemdiarthenfloored animals had the lowest
prevalencdHameed et al., 2012Mastitis is common in animals confined on brick and
cement floorspossiblydue to repeatelying and standing on the hard surface, which
may cause teatjury. Poor hygienic and managemental conditions nesgobountedor

a high prevalence of mastitfali et al., 2011) A prior study found that large herds (40
%) had the highessCM prevalence, followedby mediumsized(32 %) and small (&

%) herds The management of a large heifdnot mechanizedis morelaborious and
challenging than that of a small or medium hardl may predispose t@ high SCM
prevalencdAli et al., 2014)

2.7.6 Milking management

The buffalofarmsuse eithemachineor handmilking practices. Howeverhand milking

is typical in SouthAsian countries like Bangladesh, India, Pakistan, and Néyaét

al., 2014, Singha et al., 202%por the hand milking method, a complete hand or folded
thumbis often usedfor example gither the stripping or knuckling technique ghed

(Fig. 28). Buffalo that were milked using the complete haniking had a lower
prevalence when compared to buffalo tvate milked using a folded thumb. is
possible that the trauma caused by folding one thumb while milking buffalo could be
regponsible for the high prevalence@©WM, as previoushseen incows and water buffalo
(Hameed et al., 2012Another possible contributor to teat injury is fire-milking teat
stimulationproceduresCalf sucking, concentrate supplementation, and oxytocin are all
preferred methods to boost milk ejection in water buffalo. The prevaler®€Mfwas
substantially greater when calseckling wasised for stimulation than when concentrate
was given before milkin@Bilal et al., 2004; Hameed et al., 201Ruring hand milking

it is standard practice to drag the calfay from the teat while still suckling, which can
cause teat injury and predispose the calf ta IMI
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Stripping Knuckling

Fig. 2.8 Different typesof hand milking systems used in water buffalo in

Bangladesh
2.7.7 Hygiene, sanitation, r&d biosecurity

SCM prevalencan water buffalo is greatly affected by herd hygiene. The largest
prevalence of SCM (47%) was found on farms with poor hygieractices. SCM was
found on 31% and 22% of farms with reasonairid good hygiene, respectivéBi et

al., 2014) Farms with por drainage systems hadhighe prevalence o€M thanfarms

with betterdrainage system®ung removal frequency correlatesth CM in buffalo
(Hameed et al., 2012)ack of proper hygiene and sanitation allows for the spread of
bacteria, whichmay increasecases of mastitisSome potential biosecurity precautions
against SCM include roimely removing manure from the shedisiting interaction
with other animalgnstalling footbaths at the entignd providing access to handwashing
facilities before handling the animaBari et al., 2022)

Generally, risk factorassociated with SCM in water buffaboe frequently reported
based on univariable analysis. However, only limited stuy@aktsador et al., 2013re
known toestimate thetrength of the associatiaf the herd oanimal levelrisk factors
on SCM in water buffalo. Aerefore furtherinvestigationis necessarjo assesshe risk

factors and help identify effective control measurettuceSCM in water buffalo.
2.8 Intramammary infection causing pathogens in water buffalo

Intramammary infections care found inCM andSCM, mainly in response tbacterial
invasion although mnanyotherpathogensre known to bénked to IMI (Keane, 2019)

Based on th&ramrsmission modeglMI-causing pathogens are classifietd i) contagious
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pathogens and ii) environmental pathogens. Contagious mastitisgenspread from
animal to animal (via the milking machine or the milker), whereas environmental mastitis
pathogensmead from the environme(€obirka et al., 2020Previous studies reped
that water bffalo IMIs are caused mainly bgtaphylococcuspp.,Streptococcuspp.,
and differentGram-negative bacteria #tegenus levelndS. aureus Strep agalactiae

S. epidermidis andE. coli atthespecies levglMoroni et al., 2006; Joshi et al., 2013; Al
et al., 2014)In contrast t&. aureusandStrep. uberis where persistent infections with
relatively low bacterial counts are more commEngoli infections tend to last only a
few days and produce a high bacterial ¢oEncoliinfections are more likely to induce
severe clinical symptoms th&aureusnfectionsin dairy cowqSchukken et al., 2011)
After the bacterial invasion, thest immune responsan be affected followindisease
progression(Keane, 2019)Therefore, identifying IMicausing pathogen speciasd

transmission routes vital for effectivemastitis treatment and preventive strategie
2.9 Identification of mastitis pathogens

The National mastitis councilNMC) guidelinesprovide theinstruction to performa
bacteriological cultw to identify IMFcausng pathogens frortine milk samplegAdkins

et al., 2017c)In ealier investigations, IMicausing microorganisms in quarter milk
samples from healthy or SChffected 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., 201A)recent years, Matrix
assisted laser desorption/ionization mass spectrordk{ DI -TOF MS) has become

the standard approach fitre fast, accurate identification of cultivated bacterial species
(Borriello et &, 2012; Nonnemann et al., 201$owever, there are several pros and
cons associated with each of these techniques-BGSEd diagnosis of IMI pathogens
cannot differentiate between live and dead bacteria. On the other dudintebased
methods make the speciesel determinatiomising bacterial culturdifficult and time
consuming Live IMI-causing bacterial species can be determined with better accuracy
followed by a combination of bacterial culture and MAEDDF MS (Ngassam
Tchamba et al., 2019; Nonnemann et al., 2019)
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2.10Treatment strategy

No guidelines on treating SCM or CM in water buffalo are availdddC (2022)
guideline suggestsantibotic 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 analyzedfaim or sent to a lab, the culture results
will be forwarded witin 24 hours, and antibiotics will be selected accordingly.
Antibiotics will not be given to cows afflicted with Granegative bacteriaStill, they

will be given other medications, such as oxytocin to improve miédetn, intravenous

or oral fluids, anchon-steroidal antinflammatory drugg¢Landin et al., 2011)Antibiotic
treatment for a confimed Grarapositive bacterial infection will be selectéallowing
antibiotic susceptibility test results. For the first 24 hpuwshile waiting for the
bacteriological culturingexcept for cases of severe GiMedingprompt treatmentthe

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 icows
developing countrie@Paul et al., 2019)T'he UHB guidelines specify the suggestions for
delayed antimicrobialtherapy, 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 cowsd a&vater buffalo. Several
research in Bangladesh and neighboring countries have looked at the state of antibiotic
susceptibility against bacteria that cause mastitis in water buffatecent study in
Bangladesl{Hoque et al., 2022imedto use antibiogram and virulencengeprofiling

to characterizes. aureusin SCM milk samples from riverine buffalo in Bangladesh.
Antibiogram testing showetthat96 % of theS. aureussolates were multidrugesistant.
Another 29 and 16 isolates had methiciliiesistant and panteralentine leucocidin
genes, respectivelAnother study in Turkey recently reported thé®o of NAS isolates
showedmultidrug resistanc@Gurler et al., 2022)Therefore, addressing tissueof the
dissemination of antimicrobial resistansecritically importantto protectwater buffalo

health and public health safety
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2.12 Prevention and controlof mastitis

So far, no guidelinefor mastitis prevention and control strategies in whatéfalo have

been established herefore, the recognized strategies for dairy cows could be adapted or
adjustedo developprecise guidelingfor water buffalo. ThéNational Mastitis Council
(NMC, 2022)hasadvised 10-point mastitis control strategider dairy cows, which
recommendssettingan udder health goal by targeting periodic SCC and monitoring
improvemen{Fig. 29). However,all these points may not be applicable in the situation
whereawareness abo@&CC is largelylacking, or laboratoryfacilities could bebarely

reaclableby thebuffalo farmersat the remote area

NMC’s 10-point
. _ | Mastitis control |
8. Maintenance of bie stl‘ategies

security for contagious
pathogens and
marketing chronically
affected cows
N

)

4
7. Eff
...’
Fig. 2.9 RecommendedL0-point mastitis control program by the national mastitis

council.
2.13Buffalo milk value chain in Bangladesh

In Bangladeshthereis a growing interest in buffalo milk productiobecause of the
popularity of buffalo milk productDue to cheaper management and feeding expenses,
traditional buffalo-rearingin a mixed-crop livestock system is growing in Bangladesh
(Deb et al., 2016; Hamid at., 2016b)However, 1.5 million water buffalo in Bangladesh
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produce barely 46 of the country's miliHamid et al., 2016a)'he milk production is
reasonablyow, rangingfrom 1-3 L per animaperday(Samad, 2020Farmers sell their
milk directly to neighlbbrhood markets, collecting centers, or sweet shops or indirectly
through middlemen in this informal milk value chalitainly milk from different areas

is collectedat milk collection centers or sweethops The fixed middleman collects the
milk from theremote farm®n a yearly contract basis, whihtransported without any
cooling facility. Island milk is collectedfrom several bathans in each killa (several
bathans make a killaandthe middleman mixes all the milk from the entire islafigen,
watervehicles (usually boats) convey mixed milk from many islands to the main island
and sell it to the adjacent market, collection center, sweet sheyemmothemiddlenen.

Milk pasteurizatiorfacilities areunavailable, and producers use rawboiled mik to
process the milk product, depending on traditional preferences in different loagations
the country.Consumers buy milk or produgts.g, curd, milk drink, and swegmade
from blended milk Buffalo milk products, notably raw milk curdnd blendedirinks,

are morepopularin southernBangladeshin the milk collection centers, the milk fat
percentage ideterminegdand the middlemen are paid depending on thésfand total
volume of milk. Since bathaitbasedfarming is generally done in rural placdseng
transport times are needed to reach collecting centers or neighboring markets for selling.
Thus, milk quality may be compromised by long transportation withoyt cooling
facility and can easilybe contaminated with bacteruring thehandling ofthe milk
According to thauthors' knowledgemilk quality, for example, bacterial contamination

between production and consumptadang the buffalo milk chairhas not been studied.
2.14Quality of buffalo milk

Buffalo milk may play an important rol@ contributingto the humandiet, especially in
low- and middleincomenations. Buffalo milkhas a higher nutional valuethan cow
milk in almost all categoriesvioreover, milk productse.g, mozzarella cheese, ghee,
and othe items are specialés of buffalo milk(Abd El-Salam and EShibiny, 2011)
Many previous researchliorldwide tried to assess thguality of waterbuffalo mik in

terms ofnutrientcompositionor public healtrsafetyperspectiveas discussed below
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2.14.1 Nutritional composition

Buffalo milk is enriched witthigh fat, lactose, protein, casein, and ash. The onibistal
part of buffalo milk is milk fat, which camary between o 99 per 100 g. Lactose is the
second mostrucialpart of buffalo milk,ranging from3 to 5g per 100 g. The amount of
protein reported ibuffalo milk ranged from 305 g per 100 g. Based on these numbers,
buffalo milk is more enrichedthan cow milk (Table 24) (El-Salam et al., 2011;
Medhammar et al., 2012yompared ta@ow milk, buffalo fat globules are larger but less
stable Saturated fatty acid levels in buffalo mitit are slightly higher than icows and
the distribution of triglycerides aribleir physical properties are alsomewhatifferent.
Buffalo milk casein micelles are larger, more minetah, and more susceptible to alkali
disruption at higher pH valgethancows (El-Salam et al., 2011Due to its highkfat
content (on average, 828), buffalo milk could productat-enricheddairy productse.g,
butter and ghe@Mehta, 2009)The proteins in buffalo milkb¢lactoglobulin and casein)
wereless allergenic than thogecow milk. Cow milk can significantly increase protein
specific immunoglobulinE sensitization and lymphocyte proliferation index and,
consequently, cause allergies in consumers, as pointed @€apya et al., 2013)

Table 2.4 Proximate nutrient composition of milk from different dairy species

Species Energy kJ Moisture  Total Total fat Lactose Ash (g)
(kcal) (%) protein (@)  (9) )]
Buffalo® 412 83.2 4.0 7.4 4.4 0.8
Cow? 263 88.1 3.2 3.3 5.1 0.7
Goaf - - 3.4 3.8 4.1 0.8
Sheep - - 6.2 7.9 4.9 0.9
Yak? 417 82.6 5.2 6.8 4.8 0.8
Dromedary camél 234 89.0 3.1 3.2 4.3 0.8
Bactrian camél 319 84.8 3.9 5.0 4.2 0.9
Llama? 326 84.8 4.1 4.2 6.3 0.7

aMedhammar E, WijesinhBettoni R, Stadlmayr B, Nilsson Eharrondiere 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 4. http://dx.doi.org/10.1002/jsfa.4690.

b Wendorff W, Haenlein GF 201Bheep milkc omp osi t i on

bovine mammals.

2.14.2 Udder health and ygienic quality of buffalo milk

Bulk milk somatic cell counBMSCC)and bacterial countsf milk, for example, total
bacteria count (TBC), staphylococci couamhd Enterobacteriaceae count (TEApws
for the evaluation ofidder healttstatusand hygienicquality of buffalo milk (Costa et

and

nutrition:
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al., 2020) Thefollowing section provides information regarding the variowcators

of hygienic qualityassessmernd the presence of zoonotathogensn buffalo milk.

2.14.2.1Bulk milk ®matic cell count

TheSCCis an intriguing angtaluablemarker ofbuffalo udder healtfCosta et al., 2020)
Since IMI is the primary factor in determining tBEC this parameter is an excellent
surrogate forassedsg the prevalence of IMI, regardless of whetl@v or SCMis
presentValues of SCC can also be easily collected either from bulk milk or as a herd
average of individual cow measurements obtained famity herd improvement
programs(Dufour et al., 2011)The repot on BMSCC in Bangladesh is scarce due to
unawareness of its use and theavailability of somatic cell counterk international
standard in dairy cows the range of BMSCC belo®00,000cells per mL of milk is
indicatedasa safety margir{fBarkema et al., 2013; Norman et al., 201)ere many
countriesn Europe consider the acdaplevalue 0f400,000cellspermL and in Canada
the exceeding limit was reported to 65@0,000cells per mL (Sargeant et al., 1998;
Barkema et al., 2013 drinkable milk In other countries likehe USA, the standard
legal limit for SCC in milk is 750,000 cells per mL (Norman et al., 2019), which varies
betweerstatesNaturally, there is a sligt increasef BMSCCat early and late lactation
sotheaverage of BMSCC at three lactatstagegives a reasonable value for BMSCC
Although it isimpossible to use BMSCC estimaties calculate the exact number of
affected cows in a herdhis approximatesthe number of affected quarters thie herd
level (Condableet al., 2016)Quarter nilk with an SCCof over100,000 cellpermL is
deemedmastitisin Murrah buffalo,recently proposed by the National Dairy Research
Institute (NDRI) of India (Personal Communication: Prof. Abdul Samad, 202@)e
are currently no international thresholds for #ueeptable level of BMSCC in water
buffalo. An overview of the SCC threshold of buffaalk used in different studies is
displayed in Table 3.
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Table 2.5 Bulk milk somatic cell count threshold usedas an ndicator of milk

quality in water buffalo in different countries of the world

Country Level The Measurement  Study Number Reference
threshold method period of
used cells farms
per mL of
milk)
Italy Farm 175,000 CombiFoss FT+ 36 months 1 Pasquini et al,
(2018)
Phlippines  Buffalo 200,000 'I\:/I?rs‘gtr)matlc 6 months 1 Salvador et al.
(2013)
China Quarter 200,000 CombiFoss FT+ 11 months 1 Zhang et al.
FOSS (2022)
Analytical
India Quarter 200,000 Nucleocounter - 2 Preethirani et
al. (2015)
Italy Quarter 200,000 Fossomatic 2 months 14 Catozzi et al.
apparatus (2017)
Italy Quarter 200,000 Bentley 14 months 2 Moroni et al.
Somacount 150 (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® - 1 Abd Al-Galil
Quick Test and Khalil
(2016)
India Quarter 300,000 Microscopic 12 months - Srinivasan et
al. (2013)
India Quarter 400,000 g;)nn;?tScope - - Kaur et al.
(2018)
Italy Quarter 400,000 MilkoScan 60 months 121 Costa et al.
FT6000 (2020)
Brazil Quarter 400,000 SomaCount 300 - 4 Medeiros et
al. (2011)

2.14.2.2Aerobic acteria count

Total bacterial count, totalaphylococcal count, total Enterobacteriaceae countoaald

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

quality. It is standardpractice to employ TBC as markets evaluatethe overall

cleanliness of the production facility. Regulation (EC) No 853/2004 establishes the limit
values for TBCas follows: 1000 CFU permL for raw cow milk 1,500000CFU per

mL for raw milk from other specieand 500000CFU permL for raw milk from species
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other than cows used to manufacture cheese products without heat treadnstundy.

in Brazil reportedhat tie microbiological parameteirs buffalo bulk milk including the
TBC and thermotolerant coliformsvere 9.0< 10* CFU permL and 1.6x 10° MPN per
mL, respectively. Anotherltalian study reported thataw milk environmental
contaminating microorganisms were betwednafid 23.4x 10 CFU permL of buffalo
milk overthree yearsThis studyshowedthatthe milk wascleandue to adequate hygiene
when milking and handling raw milkPasquini et al., 2018)However, warm
temperaturesn summer may favor rapibacterial proliferation and can readily raise

milk's microbe concentration

2.14.2.3Zoonotic bacteria in buffalo milk and milk products

Pathogenic organisnmspread fromanimalto humanthroughanimalderivedfood are
known adood-bornezoonotic pathogendassew et al., 2010;8efa and Bihon, 2018)
Some bacteria that cautmodborne illness are particularly relevargardingdisease
frequency and/or severity. Toxins produced by many bacteria (both-@sitive and
Gramnegative) cause food poisoning, with symptoms ranging from gastrointestinal
ailments to paralysis and death. Gragyative bacteria haveportedlyresponsible for
around 6% of bacterial fooeborne illness casdée Loir et al., 2003; Kebede et al.,
2014) Fewprevious studies attempted to identify zoonotic pathogens from buffalo milk.
Previous studies identified thgesence oListeria monocytogeng®seudomonaspp.,

and Coxiella burneii in buffalo milk and milk product¢Khademi et al., 2019; Lauer
Cruz and de Souza da Motta, 2019; Terzi Gulel et2820) In Turkey, buffalo bulk
milk and cheese had% Listeria monocytogenesd 70- 90 % penicillin, oxacillin, and
erythromycin resistancgulel et al., 2020)A study in Romania identifiethat all the
dairy product samples from buffalo milk were contaminated high coliform, yeast,
and mold contaminatiobut Salmonellafree (Stetca et al., 20154 retrospective study

in Brazilian states identified a high seroprevalenceBaicella spp. (% %) and
Mycobacterium tuberculos{g1 %) from buffalo milk during 2012019 This indicates
that transmitting zoonotic pathogens through water buffalo migy also threaten
buffalo farm personnel anchilk consumers(Schwarz et al.,, 2021)Consequently,
variouszoonotic pathogensereidentifiedin buffalo milk in different countriesDespite
many published studies, little is known about zoonotic infections in the buffalo milk

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

Breed, age, parity, lactah stage, season, food, udder ilinesses like mastitis, and genetic
polymorphism of milk proteins are just some factors that might affeG®@tof buffalo

milk (El-Salam et al., 2011A previous study highlightethat BMSCC increased in
water buffalo milkin winter compared to summg@®asquini et al., 2018However, many
herdlevel risk factorsn dairy cows are known to be associated with BMS@e€aring
gloves during milking, posmilking teat dipping, milkingsick cows at last, yearly
inspection of the milking equipment, and adopting techratpukeep cowstandingafter
milking were all assoaited with lowerBMSCC. A free stall system, sand bedding,
cleaning the calvin@reaafter each calving, monitoring digow udders for mastitis,
blanket drycow therapy, parenteral selenium supplementation, udsdthitare, and
regular use of th€MT wererelatedto 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 knowledgethere are no studieson buffalo milk BMSCC in
Bangladesh.

2.16 Risk factors of bacterial contamination along the milk chain

Risk factors of bacterial contaminationwater buffalo milkcould vary by thetype of
bacteria involvedThe TBCin milk indicatesoverall hygiene standards during milk
production,andthusit may not bepossible tginpoint individual contamination points
with the different types of bacteria involved(Chambers, 2002)At inadequate
refrigeration temperaturespsyclotropic bacteria can grow and multiplicate
Psyclotrophs 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 badequatly cleaned and
sterilizedmay also béhe primary sources of thermoduric bactec@taminationn milk
(Murphy, 1997) Cow manure, bedding, soil, and contaminated water contain coliforms
from their intestinal tractand maycontaminateaw milk through udder anéat surfaces

and contaminated milking equipmédiimoslemany et al., 2009)
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2.16.1 Contamination from udder infection

Pathogenic bacteria responsible for mastitis e#so spread from cows to humans
through direct contacturing the handling of theanimalor throughindirect routes like
milk and meatthroughzoonoticbacterialtransmissionEnger and Middleton, 2021)
Disease dynamics in the reservoir hasy( cow affected by SCM for a chronic period),
pathogen exposutaroughunhygienicbedding, parturition, flushing of keratin lining or
teat canal injury, and withihuman factors that affect susceptibility to infectiofos
example,improper dressing, open wounds, and/or proximity to animals determine the
probability of zoonotigpathognsspillover (Alexander et a).2018) The most known
infectious organisms that have led to spillover and persibfgrareS. aureusandStrep.
agalactiag with occasionalStrep. uberis Mycoplasmaspp., andCorynebacterium
(Schroder et al., 2012; Kappeli et al., 2Q1dplecular characterization kandicated

that MRSA lineages aralso dynamically shared between farm animals and humans
within and between farm facilities through direct contact or the environtheaatelli

et al., 2017)

2.17 Opportunities for buffalo production in Bangladesh

Buffalo farming in Bangladesh is currently facing several challergesh as limited
knowledgeof buffalo udder health, insufficient feed sources, lackpridnary buffalo
management educatioppor milk producton, inadequate milking hygiendyygienic
handling of milk from farm to the processingmilk productsJack of monitoring milk
guality, andinsufficient milk marketing opportunitiesThe milk production of dairy
buffalo canbe increased through a planna@edingprogram.Using imported buffalo

bull semen to inseminate seintensive farrraised buffalo can increase the genetic
potentialsof local low-milk-yielding buffalo varieties in BangladestA bestto-best
progeny improvement program can be achielmgdexchanging the elite Bangladeshi
buffalo bullor artificial inseminatn. In the intensive and sesmtensive systenpuffalo
farmers have@ess to feed resourcasdhave 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.
Udderandmi | ker s & h yeghaned taroughahandsh &aining forbuffalo
farmers. In additionydder health advicandpreventiveapproachebased ornheroutine
diagnosis of SCMand BMSCC testingneed to be established and disseminated to
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veterinarians to qvide technical support to the buffalo farmers. The price of buffalo
milk is regulatecbased on fat percentages and total milk volugwgfalo milk quality
monitoring for example, routine BMSCC and TB€an be incorporated into a reward
and penalty systen to promote farms with better hygiene amdk quality. Buffalo
farmersmust beencouraged and regularly trainedscientific buffalo management and
hygienic milk handling.Finally, a reattime updatel buffalo farm and population
databasealong with amilk traceability systemcan beimplemented toprovide a
complete picture of the buffalo supply chain in Banglad&his traceabilitysystemcan

monitormilk production and quality improvemeatross te supply chain
2.18Conclusion

This review discussed the water buffalo population and milk productibigiight the
potentialof water buffaloas an economicallyaluablelivestock species1 Bangladesh
Water huffalo SCM prevalence, associated risk fastoiMI-causing bacteria, and
antimicrobial resistanceiere delicately reviewedn addition, the zoonotic pathogens
found in buffalo milk chains antthe associatedisk factorswere closely reviewed. The
prevalence oSCM in water buffalonationally is oneof the knowledge gaps. Other
knowledge gaps includgetectinglMI -causingbacteria specieandzoonotic pathogens
along thewaterbuffalo milk chain(Fig. 2.10). The following knowledge gaps were the
primary focus of thistudy in light of the possible improvement of waaterbuffalo milk
chain in Bangladesh

Possibilities for buffalo rearing in Bangladesh
1. Large coastal and river basin areas for feed resources ——| Research gaps in Bangladesh }
2. Efficient digestibility for coarse roughage -
3. Resistance 1o production diseases
¥ \".
— Udder Health (1) — Milk quality @
L. Risk factors of subclinical P+ Risk of bacterial contamination
mastitis
a WHO recommendation ! s
250 mL/Person/ day &\ﬂ s At
\ aue | z
\ L [ =
(Demand) 1 q .
»———15,000 million L ' L, Contamination by zoonotic
++ Somatic cell count threshold pathogens
{6,000 million L (Deficit)
- D]
. 9,000 million L [~ Eoa
(Current supply) Il B W G
| 96% by cows —_— “ R —
f c Identifying the risk factors of
.4 Intra-mammary infection
& “ 4% by water buffalo | 4 causing pm{,ogens > contamination in buffalo milk
value chain
* 2™ g -
Milk May fulfill the existing demand _— L g 7
production and supply gap a4
e
-

Fig. 2.10 Graphical illustration of the research gaps toimprove 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 sernastal areaBave the largest densities whterbuffalo
populationdue to the availability of fallow pastureland and green foréigasique et al.,
1990; Hamid et al., 2016alFrom there, vater buffalo farms and individual lactating
water buffalo belonging tnineconcentrated buffaldistricts were included in the study

to represent the buffalo population in Bangladesh effecti€lyg. 3.1). The buffalo

farms included in this study belonged to five different rearing systemsange, semi
freerange, householdsemiintensive, and intensive. Freange buffalo depend on
grazing on fallow land in coastal or seadastal islands with the supplementation of
straw or, at times, small amounts of concentrates. Irrénege systems, buffalo are
moved from one islandtanother based on the availability of green roughage. In the
semifreerange system, buffalo are transferred to the inlands during the dry season
(October to March) due to feed scarcity on the islands and stay theré foro8ths,
depending on roughageailability. The household rearing system allowg &ours of
grazing, combining a supply of a minimal amount of straw, grass, and concentrates. In
river-basin areas, the seifinitensive system allows buffalo to stay in sheds at night, graze
in nearby pastelands, andeturn dai}. In an intensive system, buffalo died in sheds,
stallfed, andnever allowed to grazgiamid 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 distrietevel buffalo heads in Bangladesh (Data sour@DP (2019). B.
The orangendicates the location ahe study's nine districts recruited for sampling
(Rajshahi, Jamalpur, Mymensingh, Maulvibazar, Dhaka, Lakshmipur, Bhola, Noakhali,

andChattogram)
3.2 Selection of the farms

Buffalo-concentrated locations werdentified based onata given bythe researchers

with the best knowledge about the buffalo population in Bangladesh. Based on their
information, one buffal@woncentrated subistrict was selected from each district for
sampling. Given that no sampling frame was available, lists of buffalo farms were
collected from the buffalo farmers' databaseha&fupazila veterinary hospitaUyVH)
located at each stdtistrict levelor Palli KarmaSahayak FoundatiofPKSH, a non
governmental organizatiosupportingthe buffalo farmers. A total of 200 farms to be

sampled was estimated according to an expected pdevalencevith 5 % absolute
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precision, assuming an intraclass correlation coefficiediad for buffalo withinfarms.

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 intemdiuffalo farms in Bangladesh. Two

of the four intensive farms were governmemined, and two more were private buffalo
farms. A total of 248 water buffalo farms from fremge (n = 51), senfreerange (n =

106), household (n = 33), seimtensive (n = 8), 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 far® had
lactating buffalpandfive were randomly saned when a farm ha@5 lactating buffalo.
However, because of neoooperative animals, only one lactating buffalo could be
sampled on nine farméi\{e semifreerange,threehouseholds, andne semtintensive

farm). Because of the small number of inteesfarms, 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 innine buffalo-concentrated districts in

Bangladesh
Number of farms from other buffalo-rearing
Number of systems

District Togilpzllj;?éon buffalo Free Semi Semi

sampled freee Household . . Intensive

range intensive
range

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 apdrformed in line with the guidelines of the SAU research
system (SAU/Ethical CommitteéAUP/21/06) of Sylhet Agricultural University,
BangladeshThe buffalo farmers signedveritten informed consenbefore participatig

in this study.
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3.4 Detection of subclincal 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 usingCMT, as described bfaloch et al. (2016)California mastitis test can
indirectly assess the presence of SCM where score 1 indecagggtive result (no gel
formation, no indicative color change), score 2ndicates traceable (possible

i n p a mmadore3don gbgve indicates a strong positive result where 5 has the most
gel formation and deep blue/violeblor change(Barnum and Newbould, 1961Ihen

CMT was performed on each of the functional quarters of the buffalo before milking was
started. A quarter was considered positive for SCM whel€M& scorewasO2 with

no visiblesigns of CM (any leanges in milk or swelling, and/or redness, or painfulness

of the mammary gland). A buffalo was considered S@iditive when one or more of

its four functional quarters had SCBulk milk SCC was measured in thoroughly mixed
morning bulk milk containing ntk from all the lactating buffalo at each farm using a
DeLaval somatic cell counter (DCC) (DeLaval Group, Stockholm, Swedelkins et

al., 2017a) Analyses were performed according to the manufacturer's instructions. A
smal | amount of mil k (around 60edinlo}he was |
DCC. The DCC cassette stained the somatic cells in milk with a -Byé&ific
fluorescent reagent. The results were then displayed immediately on the screen. The DCC
showed the BMSCC results as cgblepL of milk and weremultiplied by 1000 to
estimate the cellpermL of milk. The measurement wdsneimmediately 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 wasectdt per animal,
while all SCM positive quarte(CMT score 2 to 5) milksampleswere collected
separately per animaffter milking all the buffalo at each farm, the bulk milk was
thoroughly mixed for 5 minutes, and samples were collected from thef tiye bulk

tank using a clean, sanitized dipper-&bmL of the farm bulk milk sample was collected
aseptically in a sterile 50 mL scresapped falcon tube. Two representative aliquots from
the same farm bulk milk were collected, of which one aliquot wsasl to perform the
BMSCC analysis, and another was preserved aseptically for bacteriological cilture.
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 fardsothe 10 mL of mixed

bulk milk samples were collected at the milk collection centers one hour after the milk
delivery by the middlemen. Approximately-38 g of milk products (yogurt, cheese, and
buttermilk) were collected aseptically from each milk producipsim a 50 mL sterile
screwcap bottle Samples taken from the middlemen, milk collection centers, and milk
product shops were not linked with the source buffalo fadhrcollected samples were
transferred to an ice box immediately. Upon collection ofsalhples each day, the
samples were frozeandtemporarily stored imdeep freezef-10 °C to-15°C)available
close to the field visit are@amples were transferred witheevendays to the Udder
Health Bangladesh (UHB) bacteriological laboratory ofatidgram Veterinary and
Animal Sciences University (CVASWUand stored at20 °C. Then the samples were
undertaken for bacteriological cultuaéer24 hours.

3.6 Epidemiological data collection

Two structuredquestionnairesontaining both openor closeendedquestions were
developed in English for data collectiame provided potential information about water
buffalo SCM and the other included psibleinformation about the water buffalo milk
chain in Bangladesh.This questionnaireon water buffalo SCM comprised two
subsections; section A included quarter and annelated information, and section B
included water buffalo farmelated information(questionnaires can be found in
subsection12.1 and 12.2inderchapter 12 AppendicgsThis milk chain quesonnaire

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 tHarm leveland included 45 questiorSections Band C contained 20
guestions and collestlinformation from the middlemen and collection cent8exction

D included eight questiorte gather information on milk products, such as the nature of
milk, storage time, and the type of containers used (questi@sfound in subsection
123,124, 12.5, and 12.6nderChapterl2 Appendices Written informed consent was
obtained from the buffalo farmers before administering the questionnEire.
middleman and milk product shop owners also gave written onrdcamed consent.

The participation of the farmers, middlemen, and milk product shop owners was

voluntary.Datawerecollecied in faceto-face interviews with the farmers (farm owner
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or acting manager) and through-famm observations. All interviews wecenducted 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 NROI7
guidelines(Adkins et al., 2017h)with some modifications noted beldBingha et al.,
2021a) Quarter milk samples were inoculated (10uL)adm% bovine blood agar base
(BBA). At least three morphologically similar colonies on BBA waeéined as positive
growth. Grampositive and Grarmegative bacteria were differentiated based on growth
characteristics, followed by inoculation of selective agar meliannitol 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. Al&ynativ
white, yellow, or golden coloniasgith hemolysison BBA, a positive catalase testrong
yellow color formatioron MSA, and gositivecoagulase test were consideBdureus

E. coliwas identified based on opaque colonies with fecal odor on BE#gkacolor
formation on MAC, and a greenish metallic sheen on EMB agar. Isolates were preserved
at-80°C using Brain Heart Infusion Broth and %®buffered glycerol for future use. All

the bacterial culture media and reagents were manufactured by @i Ltd,

Basingstoke, United Kingdom.
3.7.1 Matrix-Assisted Laser Desorption/lonizatidimeof Flight (MALDI-DOF)

Frozen bacterial isolates were shipped to the Mastitis Laboratory, Department of
Veterinary and Animal Sciences (DIVAS), Universita degli Studi di Milano (UNIMI)

for confirmation of the bacterial species, using MALEDDF MS. For MALDI
identification, froze bacterial isolates were inoculated (il on BBA and incubated

for 24 hours. One or two colonies were deposited on the target plate using a toothpick
overl aid w i {cymnoddhydréxicinnaniic atid matrix solution (Bruker
Daltonics, GmbH, Bremen,g&many) and were dried. The spectra were acquired with a
microFl exE mass spectrometer (Bruker Daltc
against the MBT Compass® 4.1 datab@sddis etal., 2022) Log s 0Owees of C
the thresholds used for species confirmatioB.adureuswh i | e | ogl.7svere®r es o0

used to confirm the species identification of remaining bacf€aaneron et al., 2017)

40



3.8 Determination of antimicrobial susceptibility using penicillinase test

A subset ofStaphylococcivast e s t e -thctamase prduouction usiribe cloverleaf
method described bylee'aadet al. (2018) The strainsS. aureusATCC 29213 ands.
aureusATCC 25923 were used for quality control

3.9 Quantification of bacteria

Bulk milk samples from farms, middlemen, milk collection centers, and milk products
underwent bacteriologicajuantificaton following the NMC protocol (Adkins et al.,
2017b) The total bacteria coun®taphylococcalcount, andEnterobacteriaceaeount

were performed on a Plate Count Agar (PCA), Baird Parker Agar with egg yolk tellurite
(BPA), and Violet Red Bile Glucose Agar (VRBG), respectivelyl. dgar used was

manufactured by Oxoid, Basingstoke, UK.
3.9.1 Total bacteria countStaphylococccount, andEnterobacteriaceaeount

To perform bacteri@ount 1 mL of the milk samples was mixed withtf. of diluent
(sterile 0.9% NacCl). Samples werserially diluted 16€fold up to 10’. To estimate the

total number of aerobic bacteria in the samples, the pour plate technique was carried out
following 1SO:48331 (2013) From each 14old dilution prepared]l mL of the sample

was mixed with 15 20 mL of molten PCA in a sterile petri dish and incubated
aerobically at 30C for 72 hoursStaphylococctount was determined using the surface
plate technique, followin¥igosa et al. (20100.1 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 incated at 3PC for 48 hours, and the®. aureusandnon

aureus staphylococavere enumerated. To confir®. aureuscolonies, five colonies

were randomly chosen and tested for a positive coagulase test. Determination of
Enterobacteriaceaavas performed usinthe pour plate technique following” ®d.

NMKL -144 (NordicCommittee on food analysis) standards. A 1 mL vortexed sample
was mixed with 16 15 mL of VRBG. Then, a second overlay of 80 mL of VRBG

was added after solidification. Culture platesre incubated at 3%C for 48 hours. A
further oxidase test was conducted on five randomly selected colonies to differentiate
Enterobacteriaceadrom nonEnterobacteriaceaeBacteria enumerations were done

considering the codabledilution containing <300 colonies.
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3.10Genomic DNA extraction and purification

DNA extraction was performed the Microbial genetics andioinformatics laboratory
under the Department of Microbiology, University of Dhaka, Bangladesh. DNA
extractionwas performedising Maxwell® 168Cell DNA Purification Kit (Promega, UK)

with the Maxwell® 16 Instrument platform (Promega, URhe mL of milk sample was
centrifuged at 1000 rcf for 10 minutegOikonomou et al., 2014)¥hen the supernatant

was discarded, and the remaining pellet was used for DNA extraction according to the
manufacturés instructions. The DNA samplegere eluted in100  eelution buffer
(Promega, UKandwerestored at20 °C until further possessing. DNA concentration
and purity were analyzed using NanoDr@@00 Spectrophotometer (Thermo Fisher
Scientific, Waltham, Massachusetts, USApatavelengthof 260nm and A260/A280,
respectively DNA samples were appropriate for downstream those yielded DNA
concent ®atnigdn OL® and 260/ 28 ® a ldsedDNA2a)n.c e
samples were deliveredth dry iceto theMolecular Pathology Laboratoripepartment

of Veterinary and Animal Sciences, Universita degli Studi di Milano
3.11Reaktime PCR

Reattime (RT)PCR was performed in I8 reactionvolumeusing he CFX 96 System
(Bio-Rad Laboratories, USAEach reaction contained 74 of 2x Mix EVA Green
(SsoFast EvaGreen® Supermix, Btad Laboratories, USA) and primers specific for
target genes (TabR2). The PCR reaction was carriedtusingthesame thamal profile

for all the targets (2 min at 3@, 3 min at 959C, and 39 cycles of 10s at 95 and 30s
at 60°C). To assesselting curves, PCR products were incubated éi58or the 60s
then the temperature was increased t6®4&t 0.5°C increments for 10&llowing the
minimum information for publication of quantitative réathe PCR experimen{81IQE)
guidelines(Bustin et al., 2009)The PCR efficiencies were determined using -fola
serial dilutions of DNA prepared from ATCC strains of the bacteria of infenesh as

S aureusATCC 19048,E. coli ATCC 11229.E. coli O157:H7 ATCC 35150L.isteria
monocytogeneBTCC 13932 Yersinia enterocolliticdSM 4780,Salmonella enterica
ATCC 13076, an€Campylobacter jejurATCC 33291. ATCC and DSM bacterial strains
were obtained from the Americtype ofculture type collectin (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 BieRad CFX Maestro 1.0 (BiRad Laboratories, USA)The samples with a
threshold of CT < 35 cycles were considered positive for the presence of the targeted

gene.

Table 3.2 Primer sets used for qPCR to identify the presence of thane target

genes ofkevenzoonotic bacteria from the extracted DNA samples

Primers were selected from previously published stu@@emonesi et al., 2014;

Cremonesi et al., 2016)

Accession  Amplicon

Bacteria Gene Sequen8&8é3 (56 .
number size
Staphylococeus GAAGTAATATCAGACA
‘hirA  AATCAAATCAGTACC NC_009782 92bp
aureus TCTTCCGGTAAAGTTAATGGCTTCTG
Escherichia GCAGCGTGGTGGCAAAA
coli YCCT ~CGTGACCACCTTGATTGCAT CP10315  56bp
GTAACAATGTCAGAGG
eae CGAGTTG AE005174 72bp
CCACCGCTTGCTTTCAGTTTAA
Escherichia stxl GGATTTCGTACAACACTGGATGATC
coli 0157:H7 GATCAACATCTTCAGCA M16625  67bp
GTCATTACA
stx2 ACCCCACCGGGCAGTT
CGCGCCTGATAGACATCAAG X07865 59bp
Listeria _ TAACAGACACGGTCTCG
monocytogene: inlA CAAA CP013288 66bp
‘ TCCCTAATCTATCCGCCTGAAG
TGGAGCATTCGGCCAA
Yersinia GAA
enterocollitica YS! ~ATTGGTGTCGATAATG X65999  60bp
CATCACTGA
TGGAAAGGGAAAGCC
Salmonella . AGCTT
enterica VA~ ATAGCGTCACCTTTG M90846  68bp
ATAAACTTCA
TGAACCAAGAGAAGG
f:}ﬂ"n"i’y"’ba‘:ter cadF TGCTTTGT FJ946061 76bp
AAAACCAAAATGACCTTCCAAAGAAATAGTT

3.12 Statistical analysis

Data from the questionnaitgased surveyand the bacteriologicalidentification,
guantificationandRT-PCRanalysis were entered in an MS Ex2@l6spreadsheet. The

data was cleaned, and coding and integrity were checked before statistical analysis.
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3.12.1 Descriptive statistics

Descriptive statistical analysis was carried out to calculate the prevalence of SCM (at the
guarter and buffalo levels) and the summary of BMSCC (dttihe leve). To calculate

the samplingcorrected prevalence, sampling weights were created based totahe
buffalo population in an arethe number of buffalcandthe sampled quarte(@ohoo 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
performedusing a boxplot for BMSCC at tli@rm leveland 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 ariables such as the number of lactating animals, average milk yield at
thefarm leve| and frequencywith percentages presented for the generic, datzh as

problems faced during transportation, storage, and farmers getting the right milk price.
3.12.2 Logistc regression model

Generalized linear mixedffects logistic regression models were constructed to identify
SCM-associated risk factargor generalized linear mixegffects logistic regression
modelsfarm and buffalo ID within farms were used as randdfects in these models.
Subjectspecific 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 tkelihood ratio test (LRT) using the

latent variable approa¢bohoo et al., 2010aY hen, fixed variables that were significant

aaPO 0.2 in the univariable | ogistic regres
regression. The model wananually constructed using a forward selection procedure,
applying the maximum | ikelihood estimati o
the contribution of individual predictors was determined using Weddt. The presence

of confounders was asssed by adding one of the variables in order of significance (the
variables with the lowesP-value were added first) and, in each stégterminng

whet her the beta coefycient of otheé&r vari :
which was deemed ofounding. Simultaneously, weet the collinearity based on
significant changes (> 3%) 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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thevariable was removed from the model in the next step. Finally, signifieadt (0 . 0 5)

variables were presenteelgardingodds ratio an®5 %C.I.
3.12.3 Linear regression model

A t-test or onevay ANOVA was performed for univariable analyssdentify possible
factors(PO 0.20) affecting the BMSCC or bacter
was performed for BMSCC and all four classes of bacteria count, TBC, TNAS, TSA,

and TEC. Using the fixed variables Bf< 0.20 in the univariable analysis, separate
multivariable regression models were constructed atfanen 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
seletion procedure. The presence of any confounding was assessed by removing one
variable from the model and evaluating whether the coefficients were changédby
andwhetherthe confoundingvas biologically meaningful. The interaction wasaluaéed

by congructingtwei nt er acti on product terms for an:
them to the model, and examining change® walues of the main effects. The final

model included variables withRO 0. 05. A variation inflati
Weisberg test were performed for model fit to identify medbllinearity and

heteroskedasticity, respectively.
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CHAPTER 4

Prevalence, etiology, and risk factors for subclinical mastitis in water buffalo

(Bubalus bubalig: A systematic review and metaanalysis
4.1 Abstract

Subclinicalmastitis (SCM) in watebuffalo is an important production disease causing
reducel milk yield andpoormilk quality, ultimately leadingo economic losses. It may
also involve public health risks duetteespread of zoonotic infections and antimicrobial
resistance. Watdsuffalo arethe second mostrucial dairy animal species worldwide
regardingmilk yield. Studies have examin&LCM's prevalence or risk factarswater
buffalo, but specific systematic revievand metaanaly®s are lacking. To close this
research gap, a systematic review and raatdysiswere performed to determing
quarter levepooled prevalence &CMin water buffalo, ii) the distribution of pathogens
causing intramammaryinfection (IMI), and iii) associations between heasimal, and
guarterrelated risk factors and prevalence dZMNb. Publications on SCM in water
buffalo were retrieved from four electronic databases (PubMed, Scopus, Emuése,
Web of Science). A total of 53 studies were deemed eligible for the study, providing data
on 8,958 buffalo and 34,125 quartefbe pooled pevalence of SCM was Zb (95 %

Cl 16 - 26 %) atthe quarter levelStaphylococcuéS) aureuswas the most frequently
reported bacterial species causing IMI @23 95 % Cl 14 - 33 %), followed by
Escherichia coli(13 %; 95 % Cl 8 - 19 %). SCM risk factorsin water buffalo were
assessed by aggregating data from publications in the systematic review. This showed
that soitbased flooring, absence of dry cow therapy, young age, early lactation stage,
and bottleshaped teats are associated with incre&eM prevalence. Our analysis
revealed substantial variation in SCM prevalence between studies and countri&s, with
aureuscausingmore IMI in water buffalo than other bacterial speciéfowever,risk
factors for SCM in water buffalo are mainlywknown, indicating a need for further
studiesto identify effective managemental practices to improve water buffalo udder
health
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4.2 Introduction

Water buffalo Bubalus bubalis is the second mostrucial dairy species globally
regardingmilk yield, contrbuting about 1346 of global milk productior{fMinervino et

al., 2020) Around 97% of the water buffalo populatiaa concentrated iAsia (Hegde,

2019) Besides their importance as dairy animals, water buffalo provide energy as draft
and transport animgland are imptant sources of meat and hides. Due to their ability
to digest lowquality roughagé€Vega et al., 2010; Wang et al., 202@ater buffalo are

very well adapted temallholding{Ahmed et al., 201&)nd freerange (Islam et al., 2019)

farming systemsvith minimum suppleentary feed in lowncome countries.

As in dairy cows, subclinical mastit{SCM) is one of the highly prevalent diseases in
water buffalo (Elsayed et al., 2015; Ahmed et al., 2018ubclinical mastitis has
significant effect®n both food securitgnd safety by reducing milk yield, impairing the
guality and safety of milk and milk produdiiccinini et al., 2006; Costa et al., 2020)
culling productive animalsand creating a riskof development and spread of
antimicrobial resistance, mainly in response to the use of antimicr¢hialsi et al.,
2018; EtAshker et al., @20) From an economic perspective, inputs from buffalo milk
areintegral tothe ruratbased livestock economy in Asian countries with a large buffalo
population €.g, India, Pakistan, Nepal, BangladeskiNanda and Nakao, 2003)
Economic analysis of mastitis has been performed for dairy cows but is lacking for water
buffalo. An Irish study examining economic lossesused by mastitis in dairy cows
estimated thattal farm costs increased to 215,071 USD at BMS@O0G;000 cellper

mL (Geary et al., 2012However, economic analyses vary between different studies in

calculatingthe costs and benefits of mastitis managenfeialasa et al., 2007)

The reported prevalence of SCM in water buffalo varies widely between countries and
studies, depending othe detection test eployed, study design, water buffalo
characteristicsq.g, age, parity, lactation stage), and management practicesriilking
system, premilking stimulation)(Srinivasan et al., 2013; Hussain et al., 2018; Islam et
al.,, 2019) In previous studies, intnmammary infection(IMI) causing pathogens in
samples from healthy oc8CM-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 fReéethirani et al.,
2015; Jhambh et al., 201 Mhe most frequently reported IMRausing pathogens in water
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buffalo areStaphylococcugS) spp., StreptococcugStrep) spp., and various gram
negative bacteria at genlesel (Joshi et al., 2013; Pizauro et al., 2014; Singlale
2014)andS. aureusStrep. agalactiae S. epidermidisand Escherichia(E.) coli at the
species leve{Chavoshi and Husaini, 2012;-Rlazik et al., 2017; Jhambh et al., 2017)
Howewer, 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 herdrelated risk factors identified to date for water buffalo leedding
materials rearing system, and type of milking systé&harif and Ahmad, 2007; Sindhu

et al.,, 2009) Examples of animaielated risk factors include age, breed, parity, and
lactation stagéSharif and Ahmad,@7; Srinivasan et al., 2013; Hussain et al., 2018)
while examples of quarteelated risk factors include teat position and teat s(falparif

et al.,, 2007; Sharma and Sindhu, 2007; Kaur et al.,, 20C®mbining such
epidemiological knowledge has beattical in developingstrategies to control mastitis

in, e.g, dairy cows ad goats(Bergonier et al., 2003; Ruegg, 201But similar
integration of existing information is still lacking for water buffalo. Knowledfj¢he
prevalence of SCM, associated risk factors, and the prevalence of frequently knewn IMI
causing pathogens could contribute tbedter understanding of the epidemiology of
SCM in water buffalo. A systematic review and rratealysis study can be oapproach

to collate existing information, as has been dergg, for bovine mastitigFrancoz et al.,
2017; Getaneh and Gebremedhin, 2017; Jamali et al., .20M®) recently published
systematic reviews on mastitigrishnamoorthy et al., 2021a; Krishnamoorthyaé,
2021b)descibe the overall global prevalence of mastitis and the distributiessgntial
pathogens in dairy cows and water buffalo. However, those revidwmetdifferentiate
between SCM and clinical mastitis and present combined estimates for cows and water
buffalo. Therefore, in the present study, a systematic review andamalysis focusing
specifically on SCM in water buffalewere conducted with the aims of determininy:
quarter levepooled prevalence of SCM in water buffalo, ii) the distribution of pathogens
causing IMI, and iii) the association between herd, animal and queld¢ed risk factors

and prevalence of SCM.
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4.3 Materials and Methods

Guidelines on Metanalyses of Observatial Studies in Epidemiology (MOOSE
guidelines)Stroup et al., 2000Preferred Reporting Items for Systematic Reviews and
MetaAnalyses (PRISMA) statements, and the checklists provided in PRISMA 2015
(Moher et al., 2015)vere followed. The quality of the indiial publications reviewed

was evaluated using the quality assessment tool for observational studies provided by the
National Heart, Lung, and Blood Institute (NHLBhttps://www.nhlbi.nih.gov/health

topics/studyquality-assessmesbols).
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 pathoddres.
Boolean operatofAND" was used to combine the termehile "OR" was used to join

the search keywords within each terfnbroad search term was applied nolude the
maximum possible number of relevant publications. Two different types of search terms
were considered. The keywordbuffalo® OR "bubaliné were used to identify the
population, andmastitis' OR MeSH term'mastitis, boviné 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 authorsindependently screened the title and abstraeach hit to identify
peerreviewed original research publications to be included in the analysis. Aiekll
publications from the selected abstracts were further reviewed. Studies were included
based on a list of inclusion and exclusion critéfiable4.1). The corresponding author

was contacted by-mail to retrieve fulitext publications that could not be obtained in

the databases. Duplicate studies were removed manually from thentisheA author

with buffalo expertisescreenedand reviewed theetevant references from the eligible
full-text publications missing in the initial database search, considering the eligibility

criteria set, following the procedure describedlbynali et al. (2018)
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Data extraction spreadsheets (on€'fitle and abstract screenihgnd another foffull -
text publications screenifigwere developed, priested, and further refined layother
author Two authorsin paralle| independently extracted the data from the selected full
text publicationsAll the authors resolved disagreements on the extractedbylatass

checking the futtext publications.

Table 4.1 List of inclusion and exclusion criteria used for identifying eligible

studies for data synthesis in the metanalysis

Inclusion criteria Exclusion criteria
1. Quarter leveprevalence and/or IMI 1. The full-text publication is not availabl
pathogen distribution and/or risk factors fo in Englishd

SCM are reported.
2. When the same population group was use 2. Unpublished studies, conference pap:

in multiple published studies, only one stut experimental trials, reviesy case
wasconsidered for inclusioA. reports,or case series.

3. The total number of quarters and numbers 3. Repeated samples tested from the si
SCM-positive quarters are reportéd. animal are tested.

4. The total number of animals atite number 4. Pooled samples (bulk milk) ai
of SCM-positive animals are reportéd. analyzed not individual quarter milk

samples®

5. SCM is detected at the animalaurarter 5. Composite milk samples fronfour-

leveland diagnosed using CMMCMT, quarters of an animal are analyZ&d.

SFMT, WST,or SCC. A buffalo/buffalo
quarter is definedshealthy when no clinica
signs are present aagetested negative for
SCC/CMT/MCMT/SFMT/WST and SCM
affectedbuffalo/buffalo quarter is defined a
no clinical signs but tested positive by any
the following tests

6. The number of total quarter samples used
bacteriological examination arkde number
of positive samples for any IMI pathogen
genus and/or species is reported.

7. Bacteriological culture or PCR is used for
theidentification ofthe IMI pathogen¢

aRelevant to all study objectives) (uarter levepooled prevalence of SCM, (ii) distribution of pathogens
causing intramammary infection (IMI), and (iii) association between managemanimat, and quarter
related risk factor€Only relevant to olgctives (i) and (i) “Only relevant to objective (ii)Relevant to

all objectives (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 buffabnd/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), mkdactors (number of buffalo or quarters tested,
number of SCMpositive buffalo or quarter®, value, odds ratio, an@b %Cl). Finally,

six datasets were prepared from the extracted data, aneader leveSCM prevalence,

two on IMI-causing pathogeprevalence (one dataset at geteyel and one at species
level), and three on risk factors (one dataset for-heleded risk factor data, one for

animatrelated risk factor data, and one for quaredated risk factor data).
4.4 Data analysis

The datavere analyzed using R (version 4.1.2; R Foundation for Statistical Computing,
Vienna, Austria). The proportions were transfornbgddoublearcsine transformation

(Freeman and Tukey, 195@) approximate betteghe normal distribution to meet the
metaanalytic model assumptiqdackson and White, 201Bgfore performing the meta

analysis A metaanalytic model was fitted to estimate the weighted average proportion

by employing theescalg rma, andpredictf uncti ons wusing the R p
version 2.40 (Viechtbauer, 200). The final pooled proportion argb % CI were back

transformed to the original values faterpretation. Overalktudy effects were assessed

with random effect models using the DerSimoriaird estimatoDerSimonian and

Laird, 1986). The test for heterogeneity (Q), the estimate of betvseenu dy v, r i ance
and the estimate fathe proportion of observed variability reflecting betwestndy
heterogeneity ) were determinedThe pooled prevalence estimatesre evaluatety

country, SCM detection test employed, and year of publication. Publication bias was
assessed by visual inspection of a funnel plot in which the daunbdénetransformed

proportion of SCM cases was plotted on thaxis, as a measure of effect size, dm t

standard error on theaxis, as a measure of study size. The funnel plot asymmetry was
statistically test eBuffaboyoplajianeer degion(ceugtrye s si o
level) was visualized in R using published global water buffalo populatida da
(Minervino et al., 2020)
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4.5 Results
4.5.1 Study selection

A total of 797 publications we initially identified, combining 790 publications in the
initial search with seven added manuajyhakal, 2006;Elhaig and Selim, 2015;
Patbandha et al., 2015; Preethirani et al., 201 Rd&ik et al., 2017; Islam et al., 2019;
Algammal et al., 2020)The title and aligact screening revealed 219 publications
eligible for review of the fulitext publicationsbhased on the inclusion and exclusion
criteria. A total of 124 fulttext publications were reviewed, of which 71 were excluded
based on the exclusion criteria listedTable4.1. Theexcluded full-text publications,
with reasons, are listed Bupplementary Tablé.1 The various steps in the selection
process included a large number=(i44) of publications being excludedth reasons,

as shown irBupplementary i 4.1. At the end of the selection process, 53 publications
were deemed eligible for data extraction and raetaysis (Figurel.1). Mosteligible
publications (n=50; 9%0) were classified d$air" and only three publications &pood,

based on the NHLBI quality assessment crit€8iapplementary Tabl.2).

53



£ Records though databases search (N=790) Additional records identified through hand
‘% PubMed, SCOPUS, EMBASL, Web of Science Core Collection searching of the reference lists (N=7)
=
o
o]
=
y r
Excluded studies after title and After duplication removal
abstract screening (N=313) .
(N=532)
— *  Abstracts not available = 22
e Cascreport=9
o Conference paper = 43
o e TIrrelevant =219
g e Mini-review = 13 <
Z—j e Other reasons = 7
7] y
Full texts required after title and abstract
. i =219
screening (N=219)
Full-texts not available
(N=95) < Full-text publications that do not meet
criteria (N="71)
A 2
. . P . Bulk milk = 1
Full-texts studies assessed for ellg]bllll_\f . Composite milk sample from four quarters
(N=124) -6
- . Experimental trial =4
= e Tull-text not in English = 8
:é: e Missing individual animal data = 23
é“ e Prevalence data from mixed
s} . species = 8
Repeated sample from same animal = 2
2 Sample population vsed in multiple studies
— -4
. Unknown sample source = 1
Clinical mastitis =9
e SCM prevalence at animal level =5
— 4
Studies included in qualitative and quantitative synthesis
(N=33)
E e Quarter-specific prevalence: 38 studies
= *  Quarter- specitic IMI at genus level; 15 studies
2 *  Quarter- specitic IMI at species level: 20 studies
e  Management-related risk lactor: 5 studies
*  Animal- specific risk factor: 10 studies
e Quarter- specific risk factor: 3 studies

Fig. 4.1 Flow diagram of selection of publications for metaanalysis of subclinical
mastitis in water buffalo

4.5.2 Study characteristics

A detailed description of the 53 eligibleill-text publicationscan be found in
Supplementaryrable4.3. These publications represented a total of 34,125 quarters and
8,958 buffalofrom 10 differentcountries.Most of the publications (r 20) were from
India, followed by 14 publications from Pakistan, seven publications from Egypt, three
publications each &m 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 maisis-related topics have been more frequently studied in recent

years(Fig. 4.2).
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@ Rejected based on screening of the title and
abstract (623)
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B Accepted based on screening of the title and
abstract (174)

Number of studies
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(=)

B Accepted based on screening of the full text (53)

—_
W

=1

Fig. 4.2 Numbers of publications included and excluded, plotted against year of

publication

The study population was highest in India and lowedtiepal (Table4.2). The most
commonly used test to detect SCM was the California mastitis test (CMT1n Data
were extracted from the 53 eligible fidixt publicationsand quantitative data siresis
was performed. The metmalysis used 38 publications onquarter level SCM
prevalence, 20n quarter levelMI pathogen prevalence by bacterial species, anohl5
guarter levelMI pathogen prevalence by bacterial genus. The global buffalo populatio
was also visualized onraap (Figure4.3) usingdata published in a recent review paper

on water buffaldMinervino 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 (= 5) based ora meta-analysis of 38 studies

Categories No. of No. of No. of Pooled 95 % ClI Random
Variable studies animals quarters proportion effect model
name studied examined heterogeneity
|2
India 14 3,368 13,344 0.19 0.12to00.27 99%
Pakistan 11 3,599 14,169 0.22 0.13t00.32 99%
Bangladesh 1 40 160 0.28 0.21t00.35 -
Nepal 1 50 200 0.09 0.05t00.13 -
Country Philippines 1 200 751 0.07 0.05t00.08 -
Iran 2 151 601 0.21 0.02t00.50 98%
Egypt 5 640 2,506 0.29 0.18t00.41 98%
Brazil 2 450 1,776 0.18 0.02t0 0.45 99%
Italy 1 460 618 0.47 0.431t00.51 -
CMT 21 4,572 17,875 0.21 0.15t00.28 99%
MCMT 2 655 2,573 0.42 0.40t00.44 0%
Test SFMT 5 1,122 4,488 0.25 0.09 to 0.47 100%
employed \ygt 1 600 2,400 0.24 0.22100.25 -
SCC 9 2,009 6,789 0.15 0.08t00.24 99%
2020 2 510 818 0.46 0.431t00.50 0%
2019 2 144 576 0.22 0.11t00.34 89%
2018 2 255 999 0.26 0.02t00.63 99%
2017 1 217 864 0.17 0.15t00.20 -
2016 1 210 840 0.39 0.361t00.43 -
2015 3 529 2,074 0.24 0.081t00.45 99%
2014 3 719 2,855 0.12 0.04t00.22 98%
2013 4 1,526 5,841 0.14 0.05t00.25 99%
Year of 2012 3 1,097 4,380 0.19 0.061t00.39 99%
publication 2011 2 651 2,601 0.29 0.18t00.40 91%
2010 2 550 2,198 0.15 0.02t00.38 99%
2009 1 57 228 0.03 0.01to00.06 -
2008 2 312 1,242 0.10 0.08t00.11 0%
2007 5 1,031 4,080 0.30 0.20t00.41 98%
2006 2 110 439 0.07 0.05t00.10 13%
2005 1 300 1,200 0.59 0.561t00.62 -
2003 1 155 611 0.44 0.40to0 0.47 -
2001 1 585 2,279 0.07 0.06to 0.08 -
Overall 38 8,958 34,125 0.21 0.161t00.26 99%

4CMT=California mastitis test; MCMT=Maodified 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

re@moduced using published data with the

4.5.3 Prevalence of subclinical mastitis te quarter level

The CMT test was the most frequently used diagnostic approach to identify SCM

Generally, a test was considered positive if the result vaas tor more. Somatic cell
count (SCC) was used at various thresholds, ranging from 50,000 to 500,0Q8ecells

mL. The different thresholds used by the various detection tests are listed in

Supplementary Tabke4. The overall pooled prevalence estimategioarter leveSCM
was 21% (95 %Cl 16-26 %, 12 = 99%) (Figure4.4). Countrylevel prevalence of SCM
atthequater level is showin Table4.2, althoughguarter leveSCM prevalence differed

substantially between publications {359 %). The pooled prevalence also varied

depending on the test employed for SCM detection. The highest pooled prevalence of

SCMwas 426 (95 %CI 40- 44%) when MCMT was used, based on only two individual
publications, and the lowest pooled prevalence w&s {6 %ClI 8 - 24 %) using SCC

based on data fromne publications (Tablé.2).
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Study Country  Case Totul Proportion  weights

Algammal, AM. 2020 Fgypt i 200 : —a— 0.44 2.6%
Islam, ). 2019 Bangladesh 45 160 . 0.28 2.6%
Patbandha, T.K. 2015 India 145 1516 i 0.10 2.7%
Elhaig, ML.M. 2015 Egypt 80 368 - 0.22 2.6%
Dhakal, 1. 2006 Nepal 18 200 = 0.09 2.6%
Muhammad, G. 2010 Pakistan 104 400 Ef 0.26 2.6%
Preethirani, P.L. 2015 India 87 190 | —a— (.46 2.6%
Ali, M. 2011 Pakistan 66 2400 H 0.24 2.7%
Piauro, L. 2014 Brazil 87 1042 X 0.08 2.7%
Sharma, N. 2007 India 824 1962 : 0.42 2.7%
[ lussain, A. 2007 Pakisian B} 560 L E 0.14 2.6%
Salvador, R.T. 2013 Philippincs 49 731 W | 0.07 2.6%
Sharif, A, 2007 Pakistan 151 400 i & 0.38 2.6%
Ali, 1. 2014 Pakistan 33 1560 0.21 2.7%
Guha, A. 2012 India 925 2452 : 0.38 2.7%
Anirban, (5. 2010 India 128 1798 E 0.07 2.7%
Anirban, G. 2013 India 406 2048 0.24 2.7%
Bachaya, 11. 2005 Pakistan 705 1200 i B (.59 2.7%
Kaur, G. 2018 India 34 T - 0.11 2.6%
Chavoshi, M. 2012 [ran 38 400 L i 0.10 2.6%
Kumar, I. 2008 [ndia 45 442 ! 0.10 2.6%
Hameed, S. 2012 Pakistan 222 1528 : 0.15 2.7%
Puggioni, (.M. 2020 laly 289 618 E 3 0.47 2.6%
Kumar, M. 2007 India 110 424 = 0.26 2.6%
Pardo, 13.R. 2007 Braril 227 734 i 2 5 0.31 2.6%
Singh, M. 2014 India 17 25 = 0.07 2.6%
Raloch, 1. 2016 Pakistan 330 840 : L 3 0.39 2.6%
Jhambh, R, 2017 India 148 864 IE 0.17 2.6%
Taroog, A. 2008 Pakistan 75 800 B 0.09 2.6%
Ahmed, 11 2018 Egypt 302 [ i R = .44 2.6%
Hussain, R. 2013 Pakistan 140 2202 ! 0.06 2.7%
Maili, 8. 2003 India 266 611 | &+ (.44 2.6%
Lamey, A. 2013 Egypt 180 840 :l 0.21 2.6%
Sindhu, N. 2009 India 7 28 = X 0.03 2.6%
Beheshii, R. 2011 Iran 70 201 i —a— 0.35 2.6%
Bulla, T. 2006 India 15 239 = 0.06 2.6%
Ahmad, R. 2001 Pakistan 153 2279 | 0.07 2.7%
Awad, A. M. 2019 Egypt 68 416 -I-E 0.16 2.6%
Common effect model 34125 i 0.21 —
Random ctfects model - 0.21 100.0%
Llcterogoncity: 1 =99, fj =4452.28 (p=0) I | I | | |

0 0.2 04 0.6 0.8 1
Prevalence of mastitis in buffalo

Fig. 4.4 Quarter level prevalence of subclinical mastitis in water buffalo, based on

a meta-analysis of 38 studies

Blue squaredm) indicate point estimates, the red diamo@e) (ndicates the contribution
of individual study weight in the metnalysis, blue squares with a long horizontal line
(=) indicateawide 95 %Cl, and blue squares with a plus siga)(indicate a narrow

95 %CI of the point estimate.
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4.5.4 Etiology of intramammary infection

Genuslevel pooledprevalencef IMI wasbased on 15 publications from four countries
(Bangladesh, Brazil, India, and Pakistan). The most prevalent gen&taphylococcus
(39 %; 95 %Cl 15- 65 %, 12 = 99 %), followed by Streptococcu$21 %; 95 %Cl 13-

31 %, 12 = 98 %), Corynebacteriunf7 %; 95 %CI 2 - 17 %, 12 = 97 %), Bacillus (4 %;

95 %Cl 1- 8 %, I> = 94 %), andKlebsiella(2 %; 95 %CIl 0- 5 %, 1> = 94%) (Figure
4.5). The genuslevel prevalence differed substantially betwepuablications for
Staphylococcug2-79 %), Streptococcug2-40 %), Corynebacteriung2-38 %), Bacillus
(1-29 %), andKlebsiella(1-3 %). The specie¢evel pooledprevalenceestimates were
based on 2Qoublications from five countries (Bangladesh, Egypt, India, Iran, and
Pakistan) They showed thatS. aureusvas the most prevalent species, with a pooled
prevalence of 236 (95 %Cl 14-33 %, 1% = 97 %), followed byE. coli (13 %; 95 %CI 8

- 19 %, 12 = 95 %). The specietevel prevalence also differed substantially between
publicationsfor S. aureug5 - 61 %) andE. coli(2 - 57 %) (Figure4.6).
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Study country Case Tutal Propintion

.
:
Biswus D 2020 Bangladesh 3 4 — 021
Thambh R 2017 Tndia % 148 . B 018
Preethirani L. 2015 India is az E —— 038
Pizauro LIL 2014 Braeil 16 1042 ! 0.02
Singh M 2014 Indiu 101 253 X R = 0.40
Toshi 1T 2013 Tndia 20 74 —— 027
Guba A 2012 Ludia 173 615 . 0.28
Chavoshi M 2012 fun 8 3% + 0.21
Kumar P 2008 Tndia 9 4 i 0.20
Sharma N 2007 India 17 75 il 0.2
Shurmy A 2007 i H55 EE i 0.11
.
:
:
Biswas [ 2020 Bangladesh 4 14 + .29
Pizauro LIL 2014 Lail vl 001
Jushi H 2013 India 2 » 0.03
Chavioshi M 2012 Tran 3 kX —.— .13
Al MA 2011 Irakistan 4 566 : .08
Tarvog A A 2008 Pakistan 2 so - i 0.04
Shurmu A 2007 Indiu 43 577 - H .01
-
:
:
i
Pizaura LJL 2014 I3razil 24 42 0.02
Singh M 2014 Indin 145 253 | E B 0.57
Joshi H 2013 Indis 36 74 —— 0.49
Guha A 2012 India 228 615 : B 0.37
Kumar P 2008 Ludia 25 45 —B— 0,36
Shinmu N 2007 Indiy 59 75 ! —- 0.7
Tardo R 2007 Firazil % 27 ik ol
e —
:
:
:
'
:
Pizauro LIL 2014 Lzl IR TIE Y | 0.03
Jushi H 2013 Indis 3 u Il 0.04
Bhanot % 2012 Tndia k) 157 1 nn2
aliMA 2011 Pakistan 23 566 0.04
Kunnur P 2003 hadia 1 45 .— , 0.02
Sharma N 2007 Tndia I = 015
Parda R 2007 13ta7il &7 227 ' - 038
-
i
:
:
Al MA 2011 Pakisim 1% 566 0.03
Sharma A 2007 Tndia 45 357 - | .m
.
Random effects model 26354 - 0.15

Heterogeneity: 4 = 990, ;(i. =3TL09 {p =0 T T T f f I
0 02 04 046 08 I

Privalenee of 3CM puthogens in bufiale

Fig. 4.5 Genuslevel pathogen prevalence of subclinical mastitis in water buffalo
guarters based ona meta-analysis of 15 studies

Blue squared®) indicate point estimates, the red diamage) (ndicates the contribution
of individual study weightn the metaanalysis, blue squares with a long horizontal line
(== indicatea wide95 %ClI, and blue squares with a plus siga)(indicate a narrow
95 %CI of the point estimate.
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Fig. 4.6 Speciedlevel pathogen prevalence of subclinical mastitis in water buffalo
guarters based ona meta-analysis of 20 studies.

Blue squared) indicate point estimates, the red diamege¢ {ndicates the contriliion

of individual study weight in the metmnalysis, blue squares with a long horizontal line
(—=—) indicatea wide95 %CI, and blue squares with a plus sigg)(indicate a narrow
95 %CI of the point estimate.



4.5.5 Association of herd, animadnd quarter-related risk factors with subclinical mastitis

Among the 53 publications reviewed, five reported managenataied risk factors
associated with SCM, 10 reported anirrelhted risk factors, and three reported quarter
related risk factors. An attemptas made to perform a metaalysis of the risk factors
for SCM in water buffaloHowever this was not feasible due toe non-comparability

of results between individual publicatigne.g, significant variations in risk factor
categoriesinstead, a narrative description of the significant risk factors identified in
publications included in the systematic review is provided below.

For herdrelated risk factors, one study reported that water buffalo kept cihased

floors had a higher pralence of SCM than those tiresand, which in turn had a higher
prevalence than animals kept oament floors(Baloch et al., 2018)Another study
showed thathe absence of dry cow therapy was significantly associatedamigher
prevalenceR < 0.001)of SCM in water buffalo compared with management with dry
cow therapy(Medeiros et al., 2011(Table 4.3). For some hergdelated risk factors,
statisticalsignificance was not reported. For example, some studies reported a higher
prevalence of SCM in water buffalo from larger herd8@»than from smaller herds (<

30) and in water buffalo oprivate farms than in those on governmewned 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 waterbuffalo

Country  Reference Numbers Variable Categories Prevalence P
of
buffalo
Pakistan Baloch et al. 422 Flooring type Cement 19% 0.05
(2018) Sand 26%
Soil 32%
Brazil 318 Dry cow therapy Yes 47 % <0.001

Medeiros et al.
(2011) No 71%

Among the animatelated risk factors identified, young age4(years) in watebuffalo
was more commonly associated with SCM than older agkeyears)(Salvador et al.,
2012) Specifically, water buffalo aged 3 years (OR: #£6; 0.0]), 1-2 years (OR: 3.2;
P < 0.06), and 4 years (OR: 2.R;<0.05)were more commonlgssociated with SCM
than water buffalo %4 years of age (reference gropplvador et al., 2012However,
another study reported thatl d e r wa t & yearb)wakdssodiated Wit higher
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SCM prevalenceR < 0.05) than younger animals (&% years)(Baloch et al., 2016)
Water buffal o i4nwere repores to have sighificanty higherGCM
prevdence P <0.05) than those in lower parities4x The odds of SCM in water buffalo
in the first month of lactatiomvere 2.1 - 2.5 times higher than for animals at a later
lactation stagéSalvador et al., 201ZYable 44). Severahonsignificant animakelated
risk factors for SCM were also reported, with higher prevalence associated .gjtine
use of high milkyielding water buffalo breeds such as Murrah, NR&vi, and Surti
compared with nowlescriptive native breedSrinivasan et al., 2013; Islam et al., 2019)
cup-shaped udder compared with bestlaped uddeHussain et al., 2013and higher
daily milk yield (>3 L/day) compared with lower milk yield (3%L/day)(Islam et al.,
2019)

Table 4.4 Significant associations reported in the dataset between animeglated

risk factors and subclinical mastitis in water buffalo

Country Reference Numbers Variable Categories Odds Prev- P
of buffalo ratio  alence
i - 0
Pakistan Baloch et al. 210 Age 3 to 5 years 50% <0.05
(2016) 6 to 9 years - 56 %
>0 years - 56 %
P 5
Philippines (Salvador et al. 205 Age 1 to 2years 3.2 46% 0.06
2012) 3 years 4.6 59% 0.01
4 years 2.2 42% NS
> 4 years Ref 30% -
. . - 3
Pakistan Baloch et al. 417 Parity lto3 23 0/o 0.02
>7 - 40%
P . 3
Philippines (Salvador et al. 205 Lactation Early (0 to 15 2.5 49% 0.04
5012 stage days)
) Mid (16 to 31 2.1 52% 0.09
days)

Late (> 31 days  Ref 35%

Among the findings on quartspecific risk factors, it was reported that betteaped
guarters had a higher prevalence of SCM than cylindricatanidatshaped quarter®(

< 0.05)(Kaur et al., 2018fTable4.5). Flat-end teatscompared with pointed sound
end teats, and hind quarters compared with front quaners 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 quarteelated

risk factors and subclinical mastitis in waterbuffalo

Country Citation Numbers Variable  Categories Prevalence P-value
of
buffalo
quarters
i 0
India Kaur et al. (2018 284 Teat shape Bo.ttle 17% <0.05
Conical 7%
Cylindrical 10%

4.5.6 Publication bias

Publication bias and smadtudy effects were assessed by visual inspection of the funnel
plot (Fig. 4.7). Visualinspection revealed a fairly symmetrical funnel pdotd statistical
testing to detect publication bias (usiBgy g eregg@ssion test) waon-significant @
=0.5) for funnel plot asymmetry, suggestthgabsence of publication bias due to small

study effects.
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Fig. 4.7 Funnel plot of 38 studies included in the metanalysis ofthe quarter level

prevalence ofsubclinical mastitis in water buffalo

The gandarderror is shown on the-axis andthedouble arsingransformed proportion

of SCMis on the yaxis.
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4.6 Discussion

This metaanalysis was conducted to estim#te quarter levelprevalence ofSCM in
water buffalo, to describe the distribution of pathogens causing IMI in SCM, and to
summarize animal anguarter leverisk factors using currently available global ddta
should be noted that the data included in the revpeimarily represented Asian
countries, with only a few studies from other parts of the wdddwever,this is

consistent with the global distribution of the water buffalo population.

The quarter levepooled estimate of SCM prevalence was highest in, l&dypt, and
Bangladesh. However, there were only one or two reports from soumgries which
probably did not truly reflect the prevalencethé country level. Thus, this review
indicated that there is scope for more research on SCM in certain regilossibstantial
buffalo milk productione.g, Iraq, Italy, Nepal, and the Philippines. The limited number
of studies included in the review n53) can be explained by the fact that, in regions
where water buffalo are common, research findings are pitelished in local journals
or conference proceedings rather than in jpeelewed journals. The water buffalo
population map developed in this study indicatieelpresence of water buffalo in 77
countries worldwide However,scientific evidence on SCM iwater buffalo is still

lackingin many countries.

There was significan variation in SCM prevalence between publicatidrite eported
prevalence of SCM in water buffalothe quarter level ranged from% (95 %Cl 1- 6

%) (Sindhu et al., 2009p 59% (95 %CI 56- 62 %) (Bachaya et al., 2005y he observed
heterogeneity €> 75 %) confirmedhigh betweerstudy variationObserved differences
between publications reviewed in this study related to sample size, population
charcteristics €.g, intensive or freganging management, use of hand or machine
milking system), and animalpecific risk factorsd.g, buffalo breed, age, and parity)
(Malmarugan et al., 2010; Bhanot et al., 20ABd-Elrahman, 2013)The variation in
reported prevalence can also be partly explained by the variety of testt ubksdct

SCM and the different thresholds used to define SCM. This substantially hantipered

interpretation of the overall prevalence values obthinghe metaanalysis.

The pooled prevalence oiMI-causing pathogens was estimated based on
microbiological examination of healthy or SCaffected individual quarter samples. At
the genus level Staphylococcu$39 %) was reported to be the most commothjch
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agrees with findings in studies on IMI in cows and ga@alemi et al., 2021,
Krishnamoorthy et al., 2021bAt thespecies level$. aureug23 %) was found to be the
most prevalent pathogen in water buffalo in studies included in this review, whereas
aureus staphylococ¢NAS) are reported to be the most common group of bacteria
causing IMI in cows or goat@Moroni et al., 2005a; Singha et al.,, 2021b; Van den
CrommenackeKonings et al., 2021 However, in the studies indad in this reviews.
epidermidisvas the only reported NAS species and cannot truly represemittreNAS
group causing IMI in water buffalo. The relatively low proportion of graegative
bacteria detected in SCM could be explainedhafaster remwal of these species by a
more rapid immune response ttgnampositive ores(Gunther et al., 2016§enerally
gram-positive specieare more frequently associat@dh chronic infections than gram

negative species

Interestingly, the pathogen distribution \eti widely between the six countries
(Bangladesh, Brazil, Egypt, India, Iran, and Pakistan) for whichdlising pathogens
were reported in the dataset.tAegenus levelStaphylococcuwas frequently reported

in India, but reports oB8taphylococcusrerenot found in publications from Egypt, Iran,
Pakistan, and Bangladesh. the species level, two publications from Pakis{garooq

et al., 2008; Ali et al., 201Xeported the prevalence 8f aureusThe pevalenceof
Streptococcuspp. was reported in publications from India, Bangladesh, and B3l
reports orthe prevalence of this pathogen were not found in publications from Egypt and

Pakistan.

No further metaegression was performed due fewer prevalence estimates per
subgroup. Therefore, it was not possible to identify the influence of factors stielstas
employed, "country’, and"breed of the animdlson the prevalence estimates using
multivariable subgroup analysis. Our review revealaiyaificantinformation gap on
risk factors for SCM in water buffalo globally. This needs taddressed by conducting

more research to identify risk factors.

Water buffalo on soibased flooring had a higher prevalence of SCM than those on sand
or cement flooringBaloch et al., 2018)Thismakes senseecause sand and cement are
inorganic matter, wich might reduce some level of bacterial contamination. Among the
studies in the dataset on anirsplecific risk factorsSalvador et al. (2012)¢ported
higher SCM prevalence at an early age, but this was inconsistent with findiBgoloi

et al. (2018pf higher SCM prevalence at higher parity. One reason for this discrepancy
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could be dissimilar ceariables of the risk factors between publications, such as the
pathogen species responsible for SCM. Amongaiarter levelrisk factors, bottle

shaped teats were reported to give a higher prevalence of SCM. Generally, however, risk
factor data wereninimal, with only a few publications anth some case®nly a single
publication reportingisk factors associated with SCNbeveral important risk factors
identified for SCM prevalence in water buffakg, herd size, buffalo breed, milk yield,
udder,and teat parameters, were statistically -smmificant or levels of statistical

significance were not reported.

Studies shaved 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 thestrength of the associatioasulted a lack of scientific evidences identifying

the risk factors of SCM, and further research into the causes betleirassociations

remained unexploredvhich could be an area for futuresearch
4.7 Conclusions

This systematic review and metanalysis revealed that SCM issanificant disease
affecting the water buffalo population worldwide, indicating a need for -“sidée
implementation of management practices based on scientific evidence to achieve
adequat disease conbl. However, tis field has an extensive global knowledge,gep
the risk factors for SCM in water buffalo ameainly unknown. Thereforestudies are

needed to identify risk factors for SCM in water buffalo.
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Occurrence and etiology ofsubclinical
mastitis in water buffalo in Bangladesh: A

Pilot study
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CHAPTER 5

Occurrence and etiology of subclinical mastitis in water buffalo in Bangladesh: A

Pilot study
5.1 Abstract

Subclini daaCM)maisrbiuW & mehroprmao@ucti on di sease
decreased mil k yield and | mpdid@addi mplok t @unc
|l i vestock spe.ci ®itsnflidnr, nBaatn golna daebsohut t he occu
SCM in this speedoetsi amsalscatrceey WMasrosersduct
Heal t h Bangl ad @ determie thegoccarramee of 5@M and bulk milk

somatic cell count (SCC) in water buffalo in Bangladesh, ii) identify pathogens causing

SCM and iii) evaluate penicillin resece in isolated staphylococci strains. Sixteen

buffalo farms inBangladesh's Bagerhat and Noakhali distnetse selected for study

and a bulk milk sample was collected from each farm. In addition, 299 udder quarter

milk samples were collected from @@imals. The bulk milk samples were assessed by

direct SCC and the quarter milk samples by California mastitis test (CMT). The
occurrence of SCM calculatedthe quarter and animal levelvere42.5% and 81.6%,

respectively. Milk samples from 108 CMdjositive quarters in 48 animals and 38
randomly selected CMhegative quarters in 24 animals were investigated using
bacteriological cultureThe estimated mean bulk milk SCC was 195,000 cells per mL

milk (range 47000587,000 cells per nL The estimatedjuarter leveintramammary

infection (IMI) on culturewas 40.4%. The identity of isolated bacteria was confirmed

by MALDI-TOF mass spectrometry Naounr eus st aphyl ococci ( NA
common pathRggenseag(386. NASoweaset gadk,siFad.alnt t o
ThuSCMrevawaesncenghhiefdat md, with relativel
resistance i n NAS. Further studies are ne

devel op ancaoantdreol hetal athegy for water buf f e

5.2 Introduction

Water buffalo Bubalus bubalis farming in Asian countries has grown exponentially
over the pashalf-century contributingaround 13% of global milk productiorfSiddiky

and Faruque, 2018Water buffalo farming is also becoming popular in Bangladesh due
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to theincreasing demand for buffalo milk and milk products, greater resistance to many
diseases compared with cquasd lower management efforts and feeding cr$asnid

et al., 2016h)A significant impediment to milk productidoy water buffalo herds is
mastitis, which affects the quantity, quality, and safety of milk, causes heavyn@cono
loss, leads to increased use of antibiotics, and impairs animal wrador et al.,
2012) Clinical mastitis (CM) can be diagnosed by visible changes in the milk, udder,
and systemic condition of anima#till, subclinical mastitis (SCMemains undtedable

in most cases due &dack of clinical signgPatel et al., 2019)n water buffalo, SCM is
around thredold more common than CMAIi et al.,, 2014)and is responsible for
declining milk production, deteriorating milk qualitgnd reduced milk processability.
Subclinical mastitis is also a milk safety concern because of pathogenic microorganisms
(Sharma eal., 2011) As the clinical signs remain unnoticed, affected animals may act
as reservoirs that shed microorganisms continuanislythe environment and affect their
herd mategAli et al., 2014) Persistent infection also limits the efficacy of antimicrobial
treatment by creating a fibrous barrier between the organism and the an{Pitncet

al., 2020)

Somatic cells, a combination of leucocytes and epithelial cells released duging
regeneation 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 ssiggsficantly increases

the number of somatic cella milk (Dang et al., 2007; Alhussien and Dang, 2018)
Therefore, milk somatic cell count (SCC)ageliable parameter for determining milk
guality (Sahin et al., 2017However, 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 SERreethirani et al., 2015As there is no fixed
standard for SCC in water buffalo bulk milk, the threshold level of 20G;80®per mL

for cows(Adkins et al., 2017d)as been used as the-oiit value for SCM.

Seveal studies havassessethe prevalence of SCM in buffalo populatiomsridwide,
rangingfrom 36 to 48% at the quarter levdAli et al., 2011; Salvador et al., 2013;
Preethirani et al., 2015)SCM's most reported etiological agerdse noraureus
staphylococci (NAS)Staphylococcus aureuStreptococcuspp, and Escherichiacoli
(Dhakal, 2006; Patel et al., 2019)mong the staphylococci, NASe prevalentbacterial
speciescausingIMI (Moroni et al., 2006; Ali et al., 2011; Guha and Guha, 2012;
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Locatelli et al., 2013%s well as in SCM and mild forms of clinical mast{fisey et al.,

2013; Gindonis et al., 2013; Xu et al., 2015) contrast,S. aureuss consideed a

significant pathogen of buffaloIMind a concern due tlactamt s gr e
antibiotics(Turutoglu et al., 2009)

A few previous studies have examinéie prevalence of SCNh water buffalo in
BangladeslH{lslam et al., 2016a; Talukder et al., 2016; Biswas et al., 206&8yever,

dataon buffalo herd e v e | SCC and studies inlacemmtigat.
antibiotics of staphylococci in water buffalo in Bangladesh are scarce. Identifying SCM
causing pathogens and investigg antimicrobial susceptibility in these pathogens are

critical prerequisites for implementing effective control of buffaloM. In recognition

of this, the present study was undertaken within this project to i) determine the occurrence

of SCM and bulkmilk SCCin 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 buffalopopulationin Bangladeshs concentrated in coastal
areas, including the Noakhali, Bagerhat, and Bhola regibasuqueet al, 1990)
Becauseof the ease of communication and time constraints, two areas, Noakhali and
Bagerhat, were chosen for this invgation Bagerhat Z2.8456°N, 89.5403%and
Noakhali 2.8246°N, 91.1017%are located in the southern coastal part of Bangladesh
and have buffalo populations of 21,570 and 13,168 head, respedarigus, 2010;
Huque and Khan, 2017)n 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 arsemii nt ensi ve &hyfalbiem wi t
enclosed sheds, with or without wallowing facilities in nearby ponds, swamp/marshy
land, or rivers. In Noakhali, buffalo are mainly reared in a-feege systemb@athar),

with 50-500 buffalo in eactbathan Several closely locatdshthanscombine to form a
"killa" andseverakillas on each island in the Noakhali region. There are also scattered
household farm@Habib et al., 2017)
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5.3.2 Study design and sampling strategy

A crosssectional pilot study was performed during Septer@apber 2019 testimate

the prevalencef the SCM status dfuffalo in thetwo selectedtudydistricts A total of

16 buffalo farms were included. The sampling population was 76 lactating buffalo with
299 functional udder quarters (five blocked quarters3elactingparticipating farms, a

list of buffalo farmes was obtained from Upazila Veterinary Hospitahd 14
householddathan farms (12 in Noakhali, 2 in Bagerhat) with at least one lactating
buffalo were selected, based on accessibility and farmer willingness. Twansensive
buffalo farms were also selked, one in the Bagerhat region and one in Noakhali
(Supplementary Figh.1). A convenient sampling technique+3 lactating buffalo from
eachbathar household and all lactating buffalo from the semténsive farms) was

applied, due to timemitations 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 collectoaef@mlocation (Noakhali

/ Bagerhat region), education level of the farmer (no formal adhrc/primary
/secondaryveterinarian), herd size (total number of buffalo), rearing system (household
/bathan/semtintensive), and number of lactating buffalo on each farm. Participation was
voluntary, and participants were informed that withdrawal wassible aytime. Written
informedconsentwasobtained from each participant before applying the questionnaire.
Data collection was performed in fateface interviews with the farmers (farm owner

or acting manager) and through-famm observations fadwing a checklistDatawere
collected byadministeing the questionnaire and made observationsfaom. All
interviews were conducted in Bengali, but the questionnaire was completed in English.
The completed observation checklists werehiecked for potatial 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 describeBdlpch et al. (2016)A buffalo

was considered positive for SCM if at least one of its four quarter€ had 2.0
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5.3.5 Sample collection and preservation

Samples (each 35 mL) of quarter milk for bacteriological culture wecellected
aseptically using 7@ ethyl alcohol, following the NMC protoc@Adkins et al., 2017¢)

from quarters with CMBcoreO2. CMT-negative samples were also randomly collected
from 24 lactatingbuffalo. The collectedsamples were immediately transferred to an
insulated icebox and transferred to a freez&d {C to -15 °C) within two hours.The

frozen milk samples were transported to the Udder Health Bangladesh laboratory at
Chattogram Veterinary and Animal Scienceasugrsity within seven days of field visits

The milk samples were stored-a0°C at the laboratorygnd bacteriological culture was

performed within 24 hours.
5.3.6 Bulk milk somatic cell count

After aseptically collecting the composite morning milk samplesach farm, an on

farm bulk milk SCC was performed using a DelLaval cell counter (DeLaval Group,
Stockholm, SwedertAdkins et al., 2017a)This automated device determines SCC
optically on a cassette | oa dspatifichluotedten6 0 ¢ L
reagent. A digital camera takpgtures of the cell nuclei oAgy-one and immediately

di splays the SCC results, expressed per ¢l
5.3.7 Bacterial isolation and identification

A total of 146 quarter milk samples, comprising all Cigdsitive samples (n 108) and

all randomly selected nagve samples (& 38) from 72 lactating buffalo (no negative
samples were taken from the other four buffaM®re cultured in 8% bovine blood agar
following the NMC protocolAdkins et al., 2017b)After 24 hours of incubation at 37

°C, at least two morphologically similar bacterial colonies wereuteired on bovine

blood agar. The pure cultures were enriched in brain heart infusion broth and incubated
at 37°C, after which 300 puL 506 buffered glerolwasadded and the samples were
stored at-80 °C until further use. The pure cultures were also cultured on selective
mannitol salt agar to identif$. aureusand NAS. Bacterial colonies were identified by
colony morphology, color, and hemolytic patt. 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, Swedeim CopanTranssystem® (Capon, Brescia, Italy) transport media tubes,
for species confirmation using a MALHEIOF Biotyper 3.0 (Bruker Daltonics GmbH,

Bremen, Germany) for validation (scord :8) of phenotypic identification accuracy.
5.3.9 Penicillinase test otaphylooccusspp.

Al l st aphyl oc o clactamaseeproductibneusinge dovefleafrmethod
described byMee'aad et al. (2018 he strainsS. aureusATCC 29213 ands. aureus
ATCC 25923 were used for quality control

5.3.9.1 Statistical analysis

Collected datavere imported into Microsft Excel 2019 (MicrosoftCorp., Redmond,
Washington, USA). The data were cleaned, sorted, coded, and checked for inconsistency
before export into STATAC-17 (StataCorp, 4905, Lakeway Drive, College Station,
Texas 77845, USA) for descriptive statisticahlgsis. Results are presented as frequency
and percentage, with5 % confidence intervals (Cl). Demographic characteristics of
farmers (location, education, farming system) are presented as frequencies and

percentages.
5.4 Results
5.4.1 Descriptive statisticen farms and farmers

Three of the 16 buffalo farms studied were in the Bagerhat region andhESNoakhali
region. Farm type was mainly household farms {11), followed bybathan(n = 3) and
semtintensive farms (= 2). Among he farmers, seven had primdeywel education,
four had no formal education, four had achieved secordaey education, anc
registered veterinarian managed one fafmelvefarms had % 5 lactating buffalo, two
had 6- 10 lactating buffalo, and themmining twoh a d7 la@ating buffalo. The numbers
of animals sampled on each farm are listed in Supplementary F.able
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5.4.2 Occurrence of subclinical mastitis and intramammary infection

Estimated SCM occurrence in the buffalo at animal and quartes \easl 81.6% and

42.5%, respectively. Athequarter level, the estimated occurrence of IMI was 440.4

and the combined o0cc2 and & was 4386 (T&DIESM). ( CMT
Among the SCMaffected quarters (CMT score®), a CMT scoreof 2 was the rost
frequent (Tablé.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

Levels SCM IMI 3 CMT score 1 CMT scor e
(CMT202) (Culture positive)  (Healthy quarters) (SCM quarters)
+IMI + IMI
% (N) 95 % CI % (N) 95 % % (N) 95 % % (N) 95 %
Cl Cl Cl
Animal 81.6 (76) 71.0t089.5 - - - - - -
Quarter 42.5(299) 36.8t048.3 40.4 32.4to 31.6 17.5to 435 34.0to

(146) 48.8 (38) 48.7  (108) 53.4

ISCM: Subclinical mastiti$CMT: California mastitis test (score range 1 to®Bll: Intramammary
infection. Cl: 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 Quarter IMI 2
Scoré % 95 % CI % (Numbers) 95 % CI
(Numbers)

CMT-1 57.5(172) 51.7 t063.2 31.6 (38) 17.5t0 48.7
CMT-2  32.4(97) 27.2t0 38.1 40.0 (80) 29.2t051.6
CMT-3 7.7 (23) 4910 11.3 45.5 (22) 24.4 10 67.8
CMT-4 2.0 (6) 0.7t0 4.3 80.0 (4) 28.4t0 99.5
CMT-5 0.3(1) 0.0081t0 1.8 100.0 (1) 2.51t0 100

ICMT: California mastitis test (score range 1 to?Bll: Intramammary infection. Cl:
5.4.3 Bulk milk somatic cell count

The meanbulk milk SCC on the 16 farms was 195,@@&0ls per mLmilk (range 47,000
587,000cells per ml. In quartile terms, the lowest 256, 50%, and 75% of farms had
a bulk milk SCC value of 129,000, 184,000, and 233¢#li8 per mLmilk, respectively.
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The individual bulk milk SCC count for each of the 16 farms is shown in Supplementary

Figure5.2.
5.4.4 Pathogen distribution and penicillinageoduction by Staphylococcus spp.

Among the 146 quarter milk samples, 79 (S)1bacterial isolateof which 60 isolates
wereconfirmed usinghe MALDI-TOF MS. Ten isolates yielded no bacterial growth on
re-culture after shipmeni@and nine isolates weneontidentifiable on a MALDITOF
spectral scale of 2.8. The dominant bacteria were NAS, specific8llyhyicugTable
5.3). All 36 NAS isolates were subjected to a penicillinase test, in which 13 %36.1
t est ed p dastamiase preduction (Tabke3).

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 (confimed by MALDI -TOF mass spectrometry)

Trait % (No.) 95 % CI Penicillin- Penicillin-
sensitive  resistant
NAS NAS

Non-aureus staphylococci 24.7 (36) 17.9t0 325
Staphylococcus hyicus (8) 8 0
Staphylococcus hominis (6) 5 1
Staphylococcus (4) 4
chromogenes
Staphylococcus (4) 0 4
epidermidis
Staphylococcus sciuri (3) 3 0
Staphylococcus arlettae 3) 0 3
Staphylococcus kloosii (3) 0 3
Staphylococcus warneri (2) 1 0
Staphylococcus (2) 2 0
hemolyticus
Staphylococcusapitis (2) 0 2

Total NAS (36) 23 13

Streptococcuspp. 0.7(1) 0.02to0 3.8

Micrococcusspp. 55(8) 2.4t010.5

Bacillusspp. 2.7 (4) 0.8t06.9

Corynebacteriunspp. 2.1(3) 0.4t05.9

Others 2.1 (3) 0.4t05.9

(Rothiaspp.,Deinococcuspp.)

Arcanobacteriurapp. 1.4 (2) 0.2t0 4.9

Moraxellaspp. 1.4 (2) 0.2t0 4.9

Klebsiellaspp. 0.7(1) 0.02to 3.8

Non-specific pathogens 6.2(9) 29toll4

No growth in subkculture 6.8 (10) 3.3t012.2
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NAS: Nonraureus Staphylococci. 108 subclinical masgitisitive quarters and 38 negative quarter
samples were testetihe frequencyof 36 NAS species was below the overall NAS estimates in the
Table

5.5 Discussion

The SCM status i n t wialofarmingBegiong ivas duecedsfollg ma i
estimated at animahndquarter leveland pathogen distribution and penicillin resistance

by NAS were determined5CM's quarterand animal level occurrenceasrelatively

high, consistent with previous reports from neighboring countries veorttdwide
(Sharma and Sindhu, 2007; Preethirani et al., 2015; Ahmed et al.,. ZbiE)uarter

level occurrence of 42.5% in the present study was in line with the464%6 reported

for other suktropical countries such as India and Egypt, wheremaiffalo production
systems resemble those in Bangladéshther studies in India have reported higher
occurrence (5978%) (Bhanot et b, 2012; Charaya et al., 201%}hile lower prevalence

(28 %) has been reported in a smsdlale study in Bangladegkslam et al., 2019)
Compared with thguarter leveprevalence, thanimal levelSCM prevalence was much

higher in this study (81.%0), whichalignswith previously reported values ranging from

70 to 78 %(Bachaya et al., 2005; Sentitula et al., 20T2jese differences in estimated

SCM could be due to differences between study sites, study weargeographical
areasThe criteria applied for SCM detection, climate variations, and underlying animal

or quarter levelisk factors(Hussain et al., 2018)nvestigating such differees was

beyond the scope of this study, but further studies are needed to assess and quantify the
farm and animalevel factors that might influence SCM occurrence. Such knowledge

could be valuable in controlling mastitis in water buffalo.

The meanbulk milk SCC estimated in the present study was 195606 per mL This

is in line with Mujeeb et al. (2009and within the accepble thresholdof 200,000-
500,000cells per mLof buffalo milk established in IndigPanchal et al., 2016; Jhambh

et al., 2017)However, it exceeds the eatf value of 100,00@ells per mLmilk recently
proposed for Murrah buffalo by NDRhdia and barely meets the eff of 200,00Ccells

per mLmilk suggested for neighboring countries such as Nepal and(Digkal, 2006;
Alhussien and Dang, 2018)he median level of bulk milk SCC was 184,@@0is per

mL milk, representing slightly better status. Increased SCC is positively correlated with
IMI in water buffalo(Moroni et al., 2006put the increase in SCC level recorded here
was still mucHower than that in cows and godkdoroni et al., 2005b)However, there
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was large variation i8CC level between the individual farms, an issue which was not
explored further in this study. The level of SCC increases thi¢hentry of IMI-
associated pathogens into the udder through the teat canal and with stress conditions due
to seasonaldiurnal variations in climate conditions and parity of the lactating buffalo
(Alhussien and Dang, 2018; Bombade et al., 2018) date, relevant data on SCM in

water buffalo in Bangladesh have been insuffitidhe present stugdyhereforemakes

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 @0).4&Relative

IMI occurrence in healthy and SChffected buffalo quarters was similar (4%0and 44

%, respectively). In water buffalo in India, IMI occurrence in SCM quarters o#38%6

has been reportg®ingh et al., 2014; Jhambh et al., 201cOnsistent with our findings.
The most common pathogens in this study were NAS, which is also consistent with
findings in other studies on water buffaglBansal et al., 2007; Sharma et al., 2007;
Kumar, 2009; Singh et al., 20148taphylococcus hyicwgas the most dominant species
among the NAS and has been identified previously in IMI in water buffalo in &mtla
Brazil. Non-aureus staphylococatommorty found in the teat canal, are an important
group of SCM pathogens amdten resistant to one or more antimicrobi@®ndas et
al., 2017; Stevens et al., 2018; Traversari et al., 201 ®e present study, 36 of NAS
exhibited penicillin resistance, which is in line with résueported in other studies in
India and Brazi[Pizauro et al., 2014; Singh et al., 201Phis level of resistance is high
in terms of public health safetit needs to be confirmed in future studies, which should
also explore the underlying causelod dissemnation 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 mLmilk) and the higher IMI athe quarter level were not further assessed in

the present studydowever,several previous studies have found a relatively S&C

level and increased CM incidengedairy cows(Lam et al., 1997; Peeler et al., 2000;
Suriyasathaporn et al., 200@nvironmental conditions and changes in management
practices, e.g., such as discontinuation of teat dipping, cleaning of the cabasgand
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 Lsim et al., 1997; Peeler et al.,
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2000) It is known thathie pesencef contagiousS. aureu®r Streptococcus agalactiae
plays asignificantrole in increases in SCC legehbove 500,00@ells per mLmilk
(Moroni et al., 2018)so the absence of these pathogens in the present study could partly
explain the lower SCC level

Moreover, tle increase in SCC in IMdssociated quarters in buffalo may be lower than

in dairy cows due to limited phagocytic activity. Accordingsehoo et al. (1998)here

is a core difference itysosomecontaining hydrolases between cattle and buffalo, with
lower concentrations of these enzymes irfddaf resulting in lower phagocytic activity

than in other ruminant species. The requirements of convenient sampling and small
sample sizemposed limitations in this pilescale study. However, the data obtained
reflect the regional SCM situation in waterffalo in Bangladesh and can act as the basis

for further nationalevel 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 %, respectivelgh buffalo farms inBangladesh's Noakhali and
Bagerhat regionsA 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 Bangladesthese findings suggest that appropriate treatment
and strategies are needed to control mastitis in water buffalo in Bangladesh. NAS was
the most frequently identified pathogéfhe NAS strains detecteaftentested positive

for penicillinase productionemphasizingthe importance ofrestricting the use of
antibiotics to maintain public health when consuming buffalo milk. A systematic
assessment of the pathogenslirect and indirect transmission pathwdetween water
buffalo areurgently needed.
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CHAPTER 6

The prevalence and risk factors of subclinical mastitis in water buffaloBubalis

bubalis) in Bangladesh
6.1 ABSTRACT

Subclinical mastitis (SCM) in watdruffalo areresponsible for reduced milk yield and
quality. This crossectional study was carried out to a) estimate the prevalence of SCM,
b) identify risk factors associated with SCM, and c) idenfifiym level risk factors
associated with bulk milk somatic cell count (BMSCT)e buffalo farms in this study
represented five rearing systems: frange, semfree-range, household, sesimtensive,

and intensive, providing 3,49nctionalquarters of 880 lactating buféaon 248 farms.

The California mastitis test score was used to identify SCM. Bulk milk samples (n = 242)
were used fofarm level BMSCC. Quarter and buffallevel risk factors for SCM were
measured using questionnaires and observafidresoverall SCM pvalence was high

at 27.9% at the quartelevel (28" and 74 percentiles: 8.6 and 41.26) and 51.%% at

the buffalo level (25" and 7% percentiles: 33.3%6 and 66.®6). The geometric mean
BMSCC was 217,000ells per mLof milk (ranging from 36,000 1,213,000cells per

mL), which is low on average, but some farms could improve substantiallfputiado-
rearingsystem, udder location (left versus right), teat shape, udder asymmetry, number
of milkers, and having a quarantine facility were associaiéid buffalo udder health.

Our findings suggest that mainly using fremge 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 basour 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 deterioratmaking milk less stablefor
consumption and processifgosta et al., 2020A study byMalik and Verma (2017)
reported that the average annual economic loss per buffalo due to mastitis was 70 USD,
with mastitis intervention accounting for $b of the loss and a drop in milk production
accounting for 186. Water buffalo Bubalus bubalisis the second mostucial dairy

animal in Asia, and about @ of the global buffalo population lives Bouth Asian
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countries (i.e., Bangladesh, Bhutan, mdpPakistan, Nepal, and Sri LanKd)inervino
et al., 2020)

Diagnosis of SCM is ofreat 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 intnmammary infection (IMIYKirkeby 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., 2019ye used to detect SCM in water
buffalo. Bulk milk somatic cell count (BMSCC) is another Hielndicator representing

the udder health status on the fafRasquini et al., 2018; Costa et al., 20ZDhe
prevalence of buffalo SCM has been studied in many countries, such as India, Pakistan,
and Bangladesh, demonstratinggqaarter levelprevalenceof 10-46 % using CMT
(Muhammad et al., 2010; Preethirani et al., 2015; Islam et al., 26i®)ever, the

prevalence is widelyariable between the studies and regions.

Water buffalo can be classified into two subspecies: -tiee buffalo, which are
concentrated in India, Pakistan, Egypt, and ltaly, and swgp® buffalo, which are
concentrated in China, Myanmar, and Thailghtinervino et al., 2020; Zhang et al.,
2020) Within these two buffalo subspecies, the river type is widely distributed in
Bangladesh, except for some swatype buffalo found only in the eastern part of the
country (Samad, 2020)About 70 % of the rivertype buffalo in Bangladesh are
indigenousand nordescriptive, meaning they do not belong to any specific breed, such
as Murrah or NilliRavi. 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 prodii@d Sof milk, about

two times more than the indigenous bufféddi et al., 2014; Samad, 202()ligh-yield
crossbred buffalo generally have an increased risk of §6l&m et al., 2019)Buffalo

are mainly reared either in a fregnge or an intensive system.

Moreover, depending on buffatearing systems in sttibopical countries, there is
limited pasture availability with no or minimal supplementatiocaricentrate¢Tiwari

et al., 2007; Habib et al2017; Rahman et al., 2019&jutritional status is important
because specific macrand micronutrients regulate metabolism and immunological
function in animals, and it is known that abnormalities in metabolism or immunity can
cause health disorders in dairy coi@srdillo, 2016) For example, insufficient nutrition

in dairy cows has been reported to be associated with aiveegaergy 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; P&éaez et al.,, 2019)Under these
circumstances, it is crucial to identifari, animal, and quarteelated 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 negd, conducted a nationwide cress
sectional study on water buffalo with the objectives of a) estimating the prevalence of
SCM at both an animal arguarter levelb) identifying the risk factors associated with

SCM prevalence, and c) identifying tfaam 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 naldparild'. The coastal

and semicoastal districts in Bangladesh, which are surrounded by the M&gumga

and the JanunaBrahmaputra Riverfloodplains, are thecritical areas of buffalo
concentration, where 4% of the buffalo population in Bangladesh are kept because of
the availability of fallow pasture land and green forag@suque et al., 1990; Hamid et
al., 2016a)Water buffalo farms and individual lactating water buffalo belongingrte
districts were included inhe study toeffectively represent the buffalo population in
Bangladesl{Fig. 6.1).
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The orangendicates the location ahe 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 irthis study belonged to fiveearing systems: freange, semfree-
range, household, sefimtensive, and intensive. Freangebuffalo depend on grazing
on fallow land in coastal or sernbastal islands with the supplementation of straw or, at
times, small amounts of concentrates. In-fr@ege systems, buffalo are moved from one
island to another based on the availability ofegrdorages. In the seffreerange
system, buffalo argansferedto the inlands during the dry season (October to March)

due to feed scarcity on the islands and stay there®am8nths, depending on roughage
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availability. The household rearing systettows 57 hours of grazing, combining a
supply of a minimal amount of straw, grass, and concentrates. IFbager areas, the
semtintensive system allows buffalo to stay in sheds at night, graze in nearby
pasturelands, and return daily. In an intensiy&em, buffalo are tied in sheds, stal,

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 negovernmental organization (NGO) namddalli KarmaSahayak
Foundatiofi (PKSF) collected buffalo population data at the -digtrict 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 Banglatiesig 2019
2020(DLS, 2021) However, thigs likely an underestimation of the actual number of
buffalo since this census depermsfarmers active reporting of farm data. Since no
sampling frame was available, lists of buffalo farms were collected from the buffalo
farmer sdé dat ab a $danvolwdd with\buffalo farmers'Pspport and
researchers who had the best knowledge about the buffalo population. Based on their
information, one buffal@woncentrated subistrict was selected from each district for
sampling. A total of 200 farms to be galed was estimated according to an expected 50
% prevalence with %6 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 buffafarmers 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 tlieur intensive farms were governmewned, and two
more were private buffalo farms. Finally, a total of 248 water buffalo farms from free
range (n = 51), senfreerange (n= 106), household (n = 33), seimtensive (n = 54),

and intensive (n = 4) buffafarms were recruited for sampling. The numbers of sampled
farms from each study location are given in Table About 25% more farms than the
required sample sia@ereincluded in the study due to uncertaitityat all farms could

be sampled. For exampléhe freerange 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 hadO5 lactating biffalo, andfive were randomly sampled when a farm 168l
lactating buffalo. However, onine farms five semifree rangs, threehouseholds, and
onesemtintensive 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
recordng of potential risk factor data (secti6r8.5) were conducted between February
2020 and April 2021 (sampling was interrupted $otr months due to the national
lockdown in the SARS&0V2 pandemic from April to September 2020).

Table 6.1 Distribution of 880 buffalo sampled from 248 buffalo farms over five

different buffalo-rearing systems innine buffalo concentrated districts in

Bangladesh
Total Number of farms from different buffalo-rearing
Number of systems
L buffalo .
District populatio buffalo Free Semt Semi
sampled free Household . ; Intensive
n range intensive

range
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 t@alifornia 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 usingCMT, following the process described Bwloch et al. (2016)The CMT

was performed on each functional quarter of a buffalo before milking was started, after
discarding the first-R squirts of milk. A gqarter was considered positive when the CMT
score was O 2ignwbftCM (anyochamgessini rilk @ swelling, and/or
redness, or painfulness of the mammary gland). A buffalo was considereg&site

when one or more of its four functional queas 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)sing a DelLaval cell counter (Dalal Group,
Stockholm, Sweder(Adkins et &, 2017a)

6.3.5 Questionnaire design and data collection

A questionnaire was developed in English and tested on 16 farms in a pilotSingha

et al., 2021apefore starting the main study. We prepaxed separate datasetpuarter

level, buffalo level (dataset Agndfarm level(dataset B). Dataset A included tingarter

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). Bufede! information
included the age of the Hafo 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 symmetrysymmetrical or asymmetrical), CM history (yes or no), abortion history
(yes or no), and the number of milkers on the féimgle versusnultiple). Dataset B
included generalarm levelinformation such as type dfuffalo-rearingsystem (free

range, semireerange, household, sefmtensive or intensive), type of farm area
(coastal, semcoastal, 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 (tuble deep tubavell,

pond, river or rain water), feeding system (steélding, grazing or mixed), supplied feed

(no additional food supply, concentrate, roughage and concentrate, locallyblavaila
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 performdthbg,

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
mi |l kersd6 preference and buffalo tewges | engt
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. Knucklgansists irbending the thumand 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 a0 collected, such

as udder hygiene (excellent, good, fair,
good, or fair), feed offered before milking (yes or no), and whether farms use a quarantine
facility for the newly purchased buffalo (yes oo)nThe corresponding author can
provide the full version of the questionnaire upon request. Written consent was obtained
from the buffalo farmers before administering the questionnaire.viatacollecied in
faceto-face interviews with the farmers (famwner 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/EthiCaimmitted AUP/21/06) of Sylhet Agricultural

University, Bangladesh.
6.3.6 Statistical analyses

6.3.6.1 Descriptive statistics

Data were imported int&R (version 4.1.2; R Foundation for Statistical Computing,
Vienna, Austria) for statistical analysis. The as&d 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 BMSQlls per mL of milk) as the indicator

of SCM status at thiarm 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 histogranesbriptive statistical analysis was carried out

to calculate the prevalence of SCM (at the quarter and buffalo levels) and the summary
of BMSCC (at the farntevel). Toestimatethe samplingcorrected prevalence, sampling
weights were created based on tbomlt buffalo population in an area, the number of
buffalo, and the sampled quart@@ohoo et al., 2010b)he 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. Semgpveights were calculated using the
inverse of the sampling probability. We thevaluatedthe buffalo andquarter level
prevalence, correcting for weighting and taking clustering by the district into account
using STATA SE17.0 (Stata Corp. College Station, TX, USA).
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6.3.6.2 Quarter andanimal levelrisk factor models

Two generalized linear mixeefffects logistic regression modeklere constructed using

the R packagéime4' (Bates et al., 2015) identify factors associated with SCM from

dataset A. For generalizéidear mixedeffects logistic regression models, the GLMER
function was used. Farm and buffalo ID within farms were used as random effects in
these models. Subjespecific effects were used to calculate the odds ratio, meaning that
fixed effects in a mixé 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 approa@wohoo et al., 2010a)yhen, fixed variables that were
significant at PO 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 procédohmoet

al.,2010a) The statistical signiycance of the
determined using Waldés test and the LRT.
by adding one of the variables in order of significance (the variablesheitowest P

value were added first) and, in each segtermimngwh et her t he beta c
other variables in the model changed by more than%@0which was deemed
confounding. Simultaneously, we assessed the collinearity based on significanschange

(> 30%) in the standard error. If a variable was found to besigmificant (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, significRi@( 0 . 0 5l@¢satLRTr i a b

were presented regarding odds ratio 88doC.|.

6.3.6.3 Farm levelBMSCC risk factor model

A linear regression model was fitted using dataset B to identify the associafaymof

level variables with logl@ransformed BMSCC (LBMSCC). The linear regression

model used the LM function from the R base. Variables significant in the univariable

linear regression & 00.2 were used in multivariable linear regression models. Variance
inpation factors (VIF) for the factors wer
v al uewa®deemed to indicate collinearity). Variables with ¥@Missing \alues

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 theciemeffi

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 BreuseRagan test was performed using the libreskedastit (Farrar,

2020) and wevisually inspectedhe residuals plotted against predicted values of the
fitted model . Finally, the significant (P
and their correspondir@p %ClI.

6.4 Results
6.4.1 Descriptive statistics and faroharacteristics

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 CMsevenquarters were congenitally abseand 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 averag® 6f/the lacating and 24% of

the total buffalo population per farm wesampled. The average farm size was 22.8
buffalo (ranging from 1 to 278 buffalo per farm) (Supplementatyie6.1). Thestudied

farms comprised 81.% crossbreesland 18.4% indigenous notdescriptive breeds. The
crossbreeds mainly crossed indigenous-adescriptive breeds with the Murrah, Nilli

Ravi, Jafarabadi, Mediterranean, and swdyme water buffalo breeds. The majority of

the buffalo farms were comprised of river ty@® %), followed by the swamp type (10

%), and then a mixed population of both types¥d)1Buffalo mostly wallowed in water

(83 %) but also in muddy places #2), and about 146 wallowed in botharea. Only 1

%of the far ms di dnaflow. Ambng thersole¢lyhgezirdependeat! o t o
farms, 770 allowed grazing for 128 hours, while the other 28 allowed for 26 hours

daily. In the norgrazingbased farms, buffalo were fed once €85 twice (53%), and

in some farms, -3 times (11%) a day.All farms performed hand milking, but no farm
applied preor postteat dipping. The milker did pmmilking udder stimulation through

calf suckling and hand massage. A single person milked all the lactating buffal®in 55

of the farms, while multiple petgperformed the milking on 4%. 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 stuldgd a primary education level (gradeS)1(47 %)

than those who had no formal education¥32 a higher secondary education (18), or a

90



college degree (36). The farmers' ages ranged between 13 to 85 years, and all were
male. Only 8% of the farmers inaiated that they knew how to formulate the ration to

meet the nutrient requirements of the buffalo.
6.4.2 Quarter andanimal levelprevalence anéarm levelBMSCC

The overall prevalence of SCM, corrected for the sampling design, wa® 293 CI
26.329.7) atthe quarter levelwith the 2% and 7% percentiles at 8.86 and 41.7%,
respectively; at the buffallevel, this was 51.%6 (95 %Cl 47.855.2), with the 2% and
75" percentiles at 33.80 and 66.7% respectively (Fig6.2). Among the SCM positive
guarters, CMT score 2 was most frequently observed irrespective of the tyyféadd-
rearingsystem (Table.2). At the farmlevel, 242 buffalo farms were sampled as we
failed to perform BMSCC osix farms because farmers acandally mixed the buffalo
and cow milk in those farms. Tlygometrical mean BMSCC was 217,020Is per mL

of milk, which varied between the farms and ranged from 36,000 to 1,21&08@er
mL of milk with the 25% and 75% percentiles at 124,000 and53800cells per mLof

milk, respectively.
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Farm identification number

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 buffdarm were represented ihe X axis (data
shorted by the animal level prevalence per faramd the proportion of quarter and
animal levels SCM were presented in the Y axis. The red circles represent the point
estimate of thejuarter leveprevalence o6CM, 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 represer@3h confidence

intervals in each corresponding buffalo farm.

Table 6.2 Quarter level prevalence of subclinical mastitis based on California
mastitis test score (subclinicfalb mastiti
guarters of 880 buffalo from 248 buffalo farms of five differentbuffalo-rearing

systems in Bangladesh

Types of rearing  Number of CMT=1 CMT=2 CMT=3 CMT=4 CMT=5

systems buffalo n (%) n (%) n (%) n (%) n (%)
quarters
tested
Freerange 641 484(75.5) 96 (15.0) 32(5.0) 21 (3.3 8 (1.2)
Semtintensive 814 618(75.9) 112(13.8) 57 (7.0) 25(3.1) 2(0.2)
Semtifree-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 levelrisk factor model

Theunivariable analysis of the association between SCMandjuarter levelariables

is shown in Supplementaiyjable6.2 No confounding or collinearity was observed in
the multivariable model. In the final model, SCM prevalence was significantly associate
with the intensive buffaleearing systems, quarters located on the left, and ftgivagled

teat (Tables.3).
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Table 6.3 Multivariable mixed -effects (farm and animal) logistic regression

analysis of subclin ¢ a | mastitis

( d @)fregraseed agaisst tte M T

guarter level risk factors of 3,455 quarters of 872 buffalo in 248 farms expressed

as odds ratio (OR),95 % confidence interval 5 % CI), and P value

Variable name Categories Number of OR (95 % Cl) P
observations
Quarter Right quarters 1,728 Reference 0.06
positiort Left quarters 1,727 1.3(1.1to01.6)
Rearing systefh Freerange 633 Reference 0.04
Semtintensive 810 1.1(0.5t02.1)
Semifree-range 1,441 1.1(0.6t01.9)
Household 304 2.0(0.9t04.7)
Intensive 267 6.6 (2.2t019.5
Teat shape Cylindrical 2,684 Reference 0.003
Bottle 445 1.3(0.9t01.9)
Funnel 326 2.1(1.41t03.3)

2(0dds ratio was estimated based ohjsctspecificbetaestimates

6.4.4 Buffalo-level risk factor model

The univariable analysis of the association between SCM ramel buffalo-level

variables isshown in Supplementary Tab&3 The rearing system confounded the

association of SCM with a previous history of GiYidd contained similar information;

S

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 modelg#able

buffalo with asymmetrical udders, milked kg single milker, and intensivieuffalo-

rearingsystems 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 associatidbetween subclinical mastitis (defined as at
|l east one of t he 2pandvaribus risk fadioes sf 858 buffalbT O
from 246 buffalo farms expressed as odds ratio (ORR5 % confidence interval @5

% ClI), and P values

Variable Category Number of OR (95 % CI) P
name observations
Udder Symmetrical 573 Reference <0.00L
symmetry Asymmetrical 278 1.8(1.3t02.4)
Number of >1 407 Reference 0.008
milkers inthe 1 444 15 (1.2t02.1)
farn?
Rearing Freerange 155 Reference 0.016
systent

Semtintensive 200 1.0(0.6t01.6)

Semifree 358 1.1(0.7to 1.6)

range

Household 72 1.3(0.7t02.3)

Intensive 68 2.7 (1.5t05.0)

2(0dds ratio based omijectspecificbetaestimates

6.4.5 Bulk milk somatic cell count ridlactor model

The univariable association between LBMSCC andiat® levelvariables is shown in
Supplementary Tablé.4. Several confounding variables were identified during the
modelbuilding 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 Ibogically more meaningful in association with BMSCC.
Therefore, we removed the district from the final model. No collinearity was observed.
The type ofwallowing area was not included in the final model because of % 20
missing values. In the final metl (Table 6.5), the winter season was significantly
associated with a lower level of LBMSCC than the autumn season. Farms that provide a
guarantine facility to the buffalo were also significantly associated with a lower
LBMSCC than farms that did not prad any quarantine facility. Farmgth 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
logl0transformed bulk milk somatic cell count with farm level risk factors in 237
buffalo farms in Bangladesh expressed aoefficient ( b 95 % confidence interval

(95 % CI), and P values

Variable Level Observations b 95 % C.I. P
Intercept 5.59 5.29106.08 <0.0aL
Season Winter 75 Reference <0.0aL
Rainy 3 0.06 -0.27 t0 0.40
Summer 70 0.14 0.04t00.23
Spring 87 0.26 0.17t00.35
Autumn 2 0.50 0.10t00.91
History of buffalo No 119 Reference 0.026
mortality Yes 118 0.23 0.11t00.35
Having a quarantine Yes 29 Reference <0.00L
facility No 208 0.09 0.0091t00.16

6.5 Discussion

This crosssectional study estimated the prevalence and identifiedigkeactors of
buffalo SCM in nine major buffalconcentrated districts in Bangladesh. Subclinical
mastitis is known to be a prevalent disease in water buffalo, with a high buffa2 (51

%) andquarter leveprevalence (2843 %) (Sharif and Ahmad, 2007; Islam et al., 2019;
Singha et al., 2021aur investigation demonstrates the high prevalence of buffalo SCM
at buffalo (52%) and quarter (2806) levels. A higher prevalence of SCM at the buffalo
level is more probable thaat the quartelevel because a single SGpbsitive quarter
results in a buffalo positive for SCM. In our study, the average herd size was medium
(22.8 buffaloper herd), and sampled farms did not use teat dipping or antiseptics and
generally had poor mking 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 BangladesfHabib et al., 2017and the high temperature and humid climate in
subtropical countre may cause stress to the buffalo and further increase their
susceptibility to SCMEI Nahas et al., 2017; Ahmad et al., 20¥4)hough a prior small

scale investigation in Banglade&ingha et al., 20218howed a greater prevalence than
our study, the SCM prevalence estimate in our study was corrected for the multistage
sampling approach for distrigvel stratification, thus is more reliable for extrapolation

at the population level.
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The mean BMSCC in this study was low overall (217,00I0s per mL of milk) and is

in line with another study conducted in Bangladésimgha et al., 2021a)t also falls
within the range of BMSCC values considered atadg@pin neighboring countries, such

as India (200,00@ells per mLof milk) and Nepal (500,00@ells per mLof milk)
(Dhakal, 2006; Alhussien arddang, 2018) However, the mean BMSCC in this study
exceeds the recently proposed BMSCC level of 100008 per mLin Murrah buffalo

by the National Dairy Research Institute, India. Bulk milk SCC may fluctuate due to
seasonal influences; for example, BMSCC is ofbgpected 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 sea@@houdhary and Sirohi, 2019The
BMSCC in the winter season in our study (172,86l0s pemmL) was considerably low

and might also be influenced by an overall decrease in mean BMS(@lémentary
Table6.1). Ourstudy observed a discrepancy where, although BMSCC was low, a high
animal levelSCM prevalence (520) was observed. A previous studyggested that, in
specific NASassociated IMI, BMSCC may remain low. For exam@&phylococcus

(S). xylosusS. cohnii, andS. equorumwere more frequently isolated from quarters of
dairy cows with a low SCCAt the same timea high SCC was revealedofn IMI
associated witls. 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 buffalaring systems to represerg th
nationwide buffalo population in Bangladesh. Therefore, this study's findings can help
establish an initial benchmark since BMSCC data in waiéfalo arecurrently limited.

If buffalo farmers could access a regular BMSCC testing program, there istscope

i mprove the farmdés udder health by recrea
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 {Macbni et al., 2006; Srimasan

et al., 2013; Ali et al., 2014Yhe assoation 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;stueleft

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., 2012but it was not significant in our study.

A strong association was observed between an intensive brgtaing system and the
prevalence of SCM. A previous stuf@ighan et al., 2019 Pakistan supported the idea

that prevalence was roln higher on intensive farms (%4) 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 buffalofarms in our study comprised crossbreed buffalg,(Indigenousx
Nili-Ravi and Indigenoux 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 intensive farms in our study, the herd
size was large, ranging from 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 far@li et al., 2014)

Funnelshaped teats were associated with a higher prevalence of SCM than cylindrical
teats. A studyKaur et al., 2018has suggested that in Murrah buffalo, the cylindrical
teat is the most common ahds 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 iok®e, generally wrinkled, and rough, making them difficult to
clean and may increase exposure to-fdusing pathogens. Due to the roughness of the
teat skin, the funnedhaped teats also need increased pressure during hand milking,
which could increase thehance of teat injury. Moreover, in our study for-prgking
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 morsusceptible to SCNBhandari et al., 2021)

In this study, buffalo with an asymmetrical udder had a higher SCM prevalence. A
previous study found that in Glslffected buffalo, udder fibrosis folved by the teat
canal and cistern disappearance was obséAlaa seida et al., 2014)Ve observed that

a significantly highe 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 resrdin a priorinfection causing scar tissue, leading

to shrinkageof the udder gland. This is attritable to the presence of persistent MMl
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 higheeyalence 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, concernioljiple 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 gimiia pathogen to all the
lactating animals in a herd than with multiple milkers. A previous study in Poland
demonstrated the transmission of methicitigsistantStaphylococcus aureummong
agricultural animals, farm workers, and their household memiudtiple-locus
variable number tandem repeat analysis, multilocus sequence typing (ST398), and spa
(t034) typing have revealed the same dsugceptibility profiles in bovine and human
isolates(Krukowski et al., 2020)On the buffalo farms in this study, the single milker
stayedclose to the buffalo while they grazed and did othertdaday farm management
tasks nearby. Usually, during the milking time in the morning, a single person performs
the farm environment cleaninge.§, cleaning the manure) and starts the milking
immediaely 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 bgther 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 neisissification 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, tle greater exposure of the single milkers may be the most crucial
reason for the higher prevalence of SCM in water buffalo.

98



Our study evidenced that the winter season was associated with low BMSCC. These
findings agreed with earlier studies in In&hutia et al., 2019and PakistafBaloch et

al., 2018) which showed that there was a lower prevalence of SCM in wint&826).

The association of low BMSCC in buffalewd be speculated to be due to the lower
heat stress in winter. Water buffalo generally tolerate cold weather better than hot or
humid climatic conditiongMarai and Haeeb, 201L0Mowever, the association may also
have to do with the buffaleearing systems, and we must be cautious about interpreting
the high BMSCC in Autumn. Only intensive farms westudied 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 th&vetezaring 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 nolléwed 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 alverall 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
hemorrha@ septicemia and parasitic diseases, which agrees with a previous study in
Bangladesh(Islam et al., 2017) However, neither vaccination nor deworming
substantially impactetuffalo mortality. On the other hand, the buffa&aring system

was strongly linked to farms where animals had previously died. Interestingly, the
highest number of animal deaths happened inrfiage systems, where 80of farmers

had no formal educatioor only a primary educational qualification. They were unaware

of buffalo nutrition, disease prevention, or biosecurity science:rarege farms are also
remotely located, making it hard for the farmers to talk to each other and be updated

about vital nanagement improvements.
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6.6 Conclusion

In conclusionwater buffalo hd a high animal anduarter leveSCM prevalenceMean

bulk milk somatic cell counvassatisfactory buvaried significantly between farms. The
norrmanageable risk factors in our study wtre buffalo-rearingsystem, season, and
guarter 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 edtion of farmers regarding milking
technique, hygiene, and rearing system may help further improve udder health on buffalo

farms in Bangladesh.
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Pathogengroup-specificrisk factors for

Intramammary infection in water buffalo
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CHAPTER 7

Pathogengroup-specificrisk factors for intramammary infection in water buffalo
7.1 Abstract

Subclinical mastitis(SCM) is an economically significant disease inwater buffalo
worldwide. However, informationn the intramammary infection (IMI) determinaris
water buffaloin low and middleincome (LMIC) countriess limited. A crosssectional
study was conducteid estimate the prevalence il -associatedbacteria anddentify

risk factorsfor pathogergroupspecificIMI in waterbuffalo in BangladeshCdifornia
mastitis test (CMT) and bacteriological culture were performed on 1,374 quarter milk
samples collected from 763 water buffalo in 244 buffalo farmsiie districts in
Bangladesh. Quarter, buffalo, afadm-related data were obtainedinga quesbnnaire

and visual observationdMixed effects logistic regression models were used to identify
IMI -associated bacterial species risk faxtdr total of 618 quarter samples were culture
positive. Noraureus staphylococci were the predominant Hssociatd bacterial
species, anétaphylococcu$S) chromogenesS. hyicus andS. epidermidiswere the
most common ones he proportion ohonaureus staphylococci dvlammaliicoccus
sciuri (NASM), S. aureusand other bacterial species identified in théfalo quarter
samples varied between buffalo farms. Risk factors associated with hygiene were milking
hygiene and cleanliness of the hind quarters. The oddél &fy any pathogen [OR: 1.8
(1.32.5)] and by NASM [OR: 2.2 (1-8.2)] were higher in buffalderds with poor
milking hygiene (opposed to excellent hygiene). Poor cleanliness of the hind quarters
(opposed to excellenteanliness) had a higher odds of IMI caused by any pathogen [OR:
2.0 (1.42.7)], NASM [OR: 1.9 (1.2.8)], andS. aureugOR: 3.0(2.9-3.1)]. Farm
managementelated risk factors werthe frequency of milking and buffalo source.
Twice daily milking [OR: 3.1 (2.81.6)] (opposed to once) and farms with buffalo
purchased from another herd [OR: 2.0 {3.2)] (opposed to own stock) weassociated

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 Hdhused by any bacteria [OR: 1.7 (2.@)] and

with IMI caused byS.aureus[OR: 1.3 (1.21.4)]. Poor BCS (opposed to good) showed
higher odds of IMI by any pathogen [OR: 1.4 (1.9)] and by NASM [OR: 1.7 (1-1
2.5)]. This study shows that the prevalence of IMI in wiatgfalois 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 mammargndl mainly in
response tontraamammary infectionIMI) in water buffalo(Preethirani eal., 2015;
Algammal et al., 2020B5ubclinical mastitis hasignificant effecton both food security
and safety by reducing milk yield impairing the quality of milk and milk products
(Piccinini et al., 2006; Costa et al., 202@xcreasinghe culling rateandincreasing the
risk of development and spread of antimicrobial resistéBtzhi et al., 2018; EAshker

et al., 2020) Knowing the risk factorsfor IMI is essential to deteiime the most

appropriate contraheasures$or IMI in water buffalo.

Previous studies attempted to identify several buffalo fant levelrisk factors of
buffalo SQM based on high CMTAnimalrelated risk factors include age, breed, parity,
and lactation stagéSharif and Ahmad, 2007; Srinivasan et al., 20d8ssain 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 cylindical, conical, or funneshapedKaur et al., 2018)These variations in udder
morphologymay also influencethe entry and establishment &%l in the mammary
gland Examples offarm-related risk factoroof SCM known for water bufélo are
flooring materialsrearing system, and type of milking systéimarif and Ahmad, 2007;
Sindhu et al., 2009Poor hygiene and management ncaptribute tothe exposure of

the mammary gland toaphogens, resultingn a high prevalence of IMIn household
buffalo farms, hand milking is a usual milking practice in nfdstithAsian countries.
Therefore trauma caused biycorrect milking proceduresay also predispoddl in
these animal@Hameed et al., 2012Although several risk factors for positive CMT have
been identified, f& 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 Bangladesiwhich are likely also applicable ibuffalo-
concentrated neighboring Asian countmeth similar managemeng.g, India, Pakistan,
Iran, Nepal, and Indones{@achaya et al., 2005; Dhakal et al., 2007; Beheshti et al.,
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2011; Anirban et al., 2013Hence the objectives of this study wereegiimae the
prevalence of IMlassociatedbacterid speciesandto identify risk factors fo pathogen

groupspecific IMI in water buffalo in Bangladesh
7.3 Materials and methods
7.3.1 Study area description

This crosssectional study was conductéd nine representativéouffalo-concentrated
districts in Bangladeshbetween February 2020 and April 20ZIhe geographical
location of the selected districts are as folloleakhali and Chattogram in the south
east, Lakshmipur and Bhola in the seaéntral, Maulvibazar and Mymensingh in the
north-east, Jamalpur in the noftientral, Rajshahi district in ¢hnorthwest, and Dhaka

is locatedin the centeof BangladeshBuffalo-rearing systems in these regions can be
subdividedinto five differentbuffalo-rearingsystemsfreeranging, semiree-ranging,
intensive, semintensive, and householBreerange bifalo grazein thefallow land in
coastal or semgoastal islandssupplementedwith straw or small amounts of
concentratedn afreeranging system, uffalo aretransferred across islands dependent
on green roughagevailability. Due to feed scarcity ohé islands during the dry season
(October to March), buffalo are relocated to the inlands #6m3onths, depending on
roughage availability, in the seffieerange system. The household reargygtem
offers 57 hours of grazingupplementedvith a smallamount of straw, grass, and
concentrates. In rivepasin locations, the senmtensive systemlets buffalo stay in
sheds, graze nearby pastures, and return daily. Buffalo in intensive systems are tethered
in sheds, stalfed, and never permitted to gradée selectiorof buffalo farms in this

studyhas beemlescribed irChapters.
7.3.2 On-farm data collection

A questionnaire was developenhcluding questionsabout buffalo andfarm level
information.The questionnaire used was previously descilib&hapter6. The farmers

gave written informed conseduring interviewing. The dataere collected through a
faceto-face interview with the farmer amah-farm observationsDuring the interview,

the buffab farmer gave information on the buffalo source, breed type, and frequency of
milking per day In contrasgnimatrelated 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 assessedolyfarm observations by the
interviewer.The study was approved and performed in line with the guidelines of the
SAU research system (SAU/EthicBlommittedAUP/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 (CMind the tesresults were scored 1 to

5 and classified as eithéealthy (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 collectedysalo. Milk samples from

all the healthy and SCM quarters were obtained following aseptic milk sampling
procedureqAdkins et al., 2017c)n 15 mL sterile falcon tubes. Milk samples were
temporarily stored in a freezedQ °C to-15°C) nearthe field visit areaFrozen samples
were transferred within seven days to the Udder Health Bangladesh (UHB)
bacteriological dboratory ofChattogramVeterinary and Animal Sciences University
(CVASU) and storecht-20°C.

7.3.4 Bacteriological culture

Milk samples were subjected to bacteriological culture in the UHB laborfatibowing

the NMC guidelines(Adkins et al., 2017h)with some modifications noted below
(Singha et al., 2021apuarter milk samples were inoculated (10uL) & Bovine blood

agar (BBA). Positive growth was defined whainleast three morphologically similar
colonies on BBAand a sample was considered contaminated vahsampleyielded
threeor more morphologically different colony typgSrampositive and grarmegative
bacteria were differentiated based on growth characteristics, followed by inoculation of
selective agar media: Mannitol Salt agar (MSA), MacConkey agar (MAC), and Eosin
MethyleneBlue (EMB) agar. Bacterial isolates were preserveeB@t’C using Brain
Heart Infusion Broth and 5@ 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 thokflight mass spectrometry

Bacterial isolates were shippetta{ian Ministry of Health Authorizatiomumber:
47701523%to the Mastitidaboratory Department of Veterinary and Animal Sciences,
Universita egli Studi di Milano for further confirmation, usirgatrix-assisted laser
desorption/ionization timef-flight mass spectrometry(MALDI-TOF MS) for
identification byMALDI -TOF MS, frozen bacterial isolates were inoculated (10uL) on

BBA and incubated fo24 hours. The pure cultures were further-sultured to ensure

the complete bacterial function of the isolates. One or two colonies were deposited on
the target plate usi ng -eyanobhydrokypinnankc,acido ver | a
(Bruker Daltonis, GmbH, Bremen, Germanyand were dried. The spectra were
acquired with a microFl exE mass spectrome:
were interpreted against the MBT Compass® 4.1 datafgeddis et al., 2022)Log

s ¢ o r eX0 weré theQhresholds used for species confirmati afireuswhile log

s ¢ o r els7ward used to confirm the species identification of other spéCaseron

et al., 2017)

7.3.6 Bulk milk somatic cell count

Bulk milk SCC was measured thoroughly mixed morning bulk milk from all the
lactating buffaloat eachfarm using a DeLavakomaticcell counter(DCC) (DeLaval
Group, Stockholm, Sweder(Adkins et al., 2017a)The procedurewas followed
according tot h e ma n u hstructiomsand dedcsibed in a previous stualythis

project(Singha et al., 2021a)
7.3.7 Definition of subclinical mastitis ahe quarter, buffalo, andarm level

A buffalo was considered SGpbsitive when one or are of its four functional quarters
had CMTO & buffalo farm was considered SCM positive when at least one buffalo
had a quarter with CMD . 2

7.3.8 Statistical analysis

Data analysiswas done using R statistical softwargversion 4.1.2; RFoundation for
Statistical Computing, Vienna, Austri®revalence of IMI in healthy (CMT = 1) or SCM

quarter (CMT O 2) samples was <calcul ated
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for each bacterial species (NAS; aureus StreptococcusGranmnegatve; or other

bacterig by the total number of tested quarter milk samples. The exact binomial method

was usedo calculate the proportion's 95 % confidence intervidle prevalencef IMI -
associated bacterial specveasscalculated at the quarter, animatdfarmlevels. Mixed-
effects logistic regression modelwith animal and farm ID as random effects were

constructed to test the association betweendb#fociated bacterial species and buffalo

or farm levelvariables.The significance of the random effect terms was checked with

the likelihood ratio test (LRT)sing the latent variable approa@ohoo et al., 2010a)
Variables with a P value < 020 were included in the multivabbée model. The
multivariable model wasuilt usinga stepwisdéorward selection proceduradding each
significant variable inftemodel, starting withthe variablehaving theowestP value If
the beta coefficient in the new model changed by more th&ma8teraddinga variable,
this was deemed confoundingnd the confounder was included in the modethéf
standard erroin the new modelargely changed it indicated the collinearity with the
newly added variableThe most biologically meaningful variable for buffalo IMI was
kept in the final modeFEinaly, significant variablegP O 0 wépyesented in terms
of subjectspecificodds ratios (OR) angb %C.l., meaning that fixed effects in a mixed

model represent the effects of that factor within the cl§Btehoo et al., 2010a)
7.4 Results
7.4.1 Desgiptive statistics

Table7.1 shows that 1,374 quarters of 763 lactating buffalm 244 buffalo farms from
nine districts were included in the analysis. The prevalence of ORIGuarters was 51
% (95 % Cl, 4854). Thequarter levelprevalence of CMTO 2 for each district is
displayed inTable7.1.

Table 7.1 Distribution of quarter milk samples collectedand analyzed for

bacteriological culture in nine water buffalo concentrated districts in Bangladesh

N CMT 02
Districts N farms buffalo N quarters
N quarters % (95 % CI)

Noakhali 45 168 292 147 50.3 (44.4 10 56.2
Jamalpur 35 134 224 107 47.8(41.1to0 54.5)
Rajshahi 39 104 191 102 53.4(46.1to 60.6)
Bhola 37 86 186 97 52.2(44.7 t0 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(35.6t0 52.3)

Laxmipur 2 47 103 69 67.0(57.0to 75.9)
Mymensingh 10 23 45 29 64.4(48.8t078.1)
Dhaka 1 14 27 17 63.0(42.4 to 80.6)
Total 244 763 1,374 700 50.9 48.3 t0 53.6)

7.4.2 Prevalence ofMI-associategathogens

In total, 618 quarters were cultungositive, 756 were culture negatjwvehereas 11
samples were found contaminated in bacteriological culfutetal of 46% (312/674)
(95 %Cl, 43-50) CMT = 1 buffalo quarter and 24 (306/700) 95 %CI, 40- 48) CMT
O 2 buffalo quarters were cultupositive, respectivelySurprisingly, differences in

bacteriological culture results between SCM and healthy buffalo quarters based on CMT

results were minimal. Bacterial isolates belonging to Skegphylococcugienus were
common, wheré&. chromogenesvas the most prevalent spes followed by S. hyicus
S. epidermidisandS. aureusThe pathogen distribution is given in Tall2.

Table 7.2 Distribution of bacterial speciedrom intramammary infections (N =
618)isolated from 1,374 quarter milk samplesof 763 lactating water buffalo from

244 buffalo farms in nine water buffalo concentrated districts in Bangladesh

Percentages were calculated within CMT classes.

_ _ CMT =1 CMT 02 Total
Bacterial species N quarters N quarters?
N quarters (%) (%) (%)
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 (66) 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
Pseudomonaspp 1(0.1) 4 (0.6) 5 (0.36)
Acinetobactespp 1(0.1) 1(0.1) 2 (0.14)
Enterobacteispp 1(0.1) 1(0.1) 2 (0.14)
Escherichia coli 1(0.1) 1(0.1) 2 (0.14)
Stenotrophomonaspp - 2 (0.3) 2 (0.14)
Klebsiellaspp - 1(0.1) 1 (0.07)
Ochrobactrunspp - 1(0.1) 1 (0.07)
Other bacteria
Micrococcusspp 13 (1.9) 11 (1.6) 24 (1.74)
Corynebacteriunspp 8(1.2) 7 (1.0) 15 (1.09)
Rothiaspp 5(0.7) 5(0.7) 10 (0.72)
Lactococcus garvieae 2 (0.3) 3(0.9) 5 (0.36)
Bacillusspp 4 (0.6) 1(0.1) 5 (0.36)
Kocuriaspp 2 (0.3) 2(0.3) 4 (0.29)
Actinomycespp 2(0.3) 1(0.1) 3(0.21)
Arcanobacteriunspp - 2 (0.3) 2 (0.14)
Microbacteriumspp 1(0.1) - 1 (0.07)
Rhodococcuspp 1(0.1) - 1 (0.07)
Brachybacteriunspp - 1(0.1) 1 (0.07)
Not identifiablé 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)

aContaminatedamples (n = 11) werxcludedfrom the statistical analysis.

® Not identifiable: Bacterial species that could notbefirmed by MALDFTOF MS log scores
of 0O1. 7

7.4.3 Prevalenceof IMI -associategathogens
Table 7.3 shows the quarter, buffalo, arfdrm level prevalence of on-aureus
staphylococgi Mammaliicoccusspp (NASM), other bacterial species, aiil aurets.

Nonraureus w&phylococci orMammaliicoccusspp were found as the most prevalent

bacterial species at the quarter €8¢ animal (45%), andfarm 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 N quarters (%)? N buffalo (%)° N farms (%)°¢
of CMT status

Non-aureus staphylococor 439 (32.0) 341 (44.5) 176 (72.1)
Mammaliicoccuspp.

Other bacteribspecies 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)

a2Contaminated samples wezrcludedrom the statistical analysis.

b A buffalo was considered positivehen at least one of the quarters had\in

¢ A buffalo farm was considergabsitive when at least erbuffalo had afhMl .

d Other bacterialspecies included neidentifiable bacteria species, Gramagative bacteria
speciesMicrococcusspp, Corynebacteriunspp, Rothia spp, Lactococcuggarvieag Bacillus
spp, Kocuria spp, Actinomycespp, Arcanobacteriunspp, Microbacteriumspp, Rhodococcus
spp,Brachybacteriunspp, andStreptococcuspp.

On averagesix quarter samples were examined by bacteriological culture per farm
(median: 5; range: -I5). Figure 7.1 shows that the distribution of IVdssociated
pathogens per farm and theoportion of culture negativegaried widely across the
buffalo farms.

ENASM  ®Other bacteria WS, aureus Culture negative  ® Numbers of quarters sampled per farm
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Fig. 7.1 Distribution of culture results of1, 374 buffalo quartermllk samples of 763

1}

buffalo from 244 water buffalo farms in nine buffalo concentrated districts of

Bangladesh

Sorted by the percentage culturenegative sampleandthe total number of samples

per farm NASM stands for nofureus staphylococci dammaliicoccuspp.
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7.4.4 Risk factors for intramammary infection

Table7.4 shows the factors associated with IMI caused by any bacterial species, NASM,
andS. aureusAnimal-related risk factors of water buffalo IMI wetlee cleanliness of

the hind quarterBCS, and wlder symmetry Buffalo farm-related risk factors were
milking hygiene frequency of milking per dayand uffalo sourcePoor 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, andS. aureusAsymmetrical udders were associated i by any bacterial
specieandS. aureusOwn stock buffalpon averageghadlower BCS tharthe purchased
buffalo, and thereby BCS confounded the association of buffalo source with IMI by any
pathogensThe districtwas associated with tHeuffalo-rearing system. We kephe
rearing system in the model because this is biologically easier tprigtténan the effect

of districts in Bangladesh. Howevéhgerearing system was statistically neignificant

and was excluded from the final model as itin@detbuilding process. In the model of

IMI caused by NASM, BMSCC anthetype of hand milking syste were collinear with

the milking hygieneand milking hygiene was chosen to stay in the final model.
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Table 7.4 Mixed effectsmultivariable logistic regression analysis using three
separate models for intranammary infection (IMI) by any pathogen, non-aureus
staphylococci orMammaliicoccus sciurj and StaphylococcugS.) aureusregressed
againstbuffalo and farm level risk factors, using animal and farm as the random

effects, based on bacteriological culture dataf 1,374 quarters of 763buffalo in
244farms in nine buffalo-concentrated districts of Bangladesh

Subjectspecific ads rati@and95 %C.l. werecalculatedbased on subjedpecific beta
estimates

Any bacterial specied NASMP S. aureu$
Independent variable Od(_js 95 % C.|. Od(_js 95 % C.I. Od(_:ls 95 % C.I.
ratio ratio ratio

Milk ing hygiene

Excellent Reference

Poor 1.8 13to25 22 15t03.2 - -
Cleanliness of the hind
quarter

Excellent Reference

Good 15 11t0o20 14 10tol9 26 25t02.7

Poor 2.0 1l4t027 19 13t028 3.0 29t03.1
Frequency of milking
per day

Once Reference

Twice 3.1 2.0t0 4.6 - - - -
Buffalo source

Purchase from others

Reference

herd

Source unknown 1.3 0.4t0 3.9 - - - -

Both own stock or 15 091023 i i i i

purchased

Own stock 2.0 1.2103.2 - - - -
Udder symmetry

Symmetrical Reference

Asymmetrical 1.70 1.0to2.8 - - 1.3 12tol4
BCS (Score 19)

Good (5) Reference

Fatty (69) 11 08tol5 10 06tol.7 - -

Moderate (4) 1.1 08tol5 14 10to20 - -

Poor (1-3) 1.4 10to1l9 17 11to25 - -

aIMI by any bacterial specie§ he subjectspecific odds ratios for the buffalo level variables were

calculated from 33 quarters o681 lactating buffalodfrom 217 farms.

bIMI by non-aureus staphylococcus Mlammaliicoccus sciuriThe subjectspecific odds ratios for the

buffalo level variables were calculated fron287 quarters of727 lactating buffalofrom 229farms.
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¢IMI by Staphylococcus aureushe subjectspecific odds ratios for the buffalo level variables were

calculated from B42quarters of745lactating buffalod'rom 242 buffalo farms.

7.5 Discusson

This study aimedo determinehe prevalence of IMI and identifyisk factorsfor IMI -
associatetbacterial specieim waterbuffaloin Bangladesh. This study demonstratesl
predominance dASM (32%) in IMI in water buffaloquarteran Bangladeshvhichis

in agreemenvith our previous workwhere we found a prevalence of 2595 %CI 18

- 33 %) in water buffalo in Bangladedqlsinghaet al., 2021a)Several previous studies

in India also demonstrated NASthe mostprevalent among the culture results {35

%) in SCM quartersn water buffalo(Joshi et al., 2013; Srinivasan et al., 2013; Charaya
et al., 2014)Staphylococcushromogenesverethe most common among NAS species
in this study consistent with another German studgntifying thatS. simulanandS.
chromogenesvere responsible for 9®6 of the NAS-associatedMI in dairy cows.
Mammaliicoccus sciurwas another prevalent species identified in this study. This
species was formerly known &S. sciuri but has recently been reclassified as
"Mammaliicoccus sciuti (Madhaiyan et al., 2020; Rosa et al., 202Bgd was also

reported previously in water buffa{&l-Ashker et al., 2020)

Non-aureus staphylococci may colonizestteat carleof the buffalo mammary gland
(Condas et al., 2017; Traversari et al., 20d®)arealso known to be associated with
SCMor IMI, andoccasionallyin 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 studysurprisingly found a similar prevalence of positive culture results in
SCM as in healthy quarters based CMT, although this was consistent with our
previous studySingha et al., 2021alf 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 thisrhealthy quarterss was previously repted in water
buffalo as well as dairy cow®isanu 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 diffaretieeproportion

of culture positives between healthy and Cigdsitive quarters may also be explained
by the interdependence of microbiota among the quarters of an individual buffalo

(Catozzi et al., 2019}t has also been shown in dairy cows #r@hflammatory response
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to an IMI in one quarter may also evoke afldimmatoryresponse in the other quarters

of that animal(Blagitz et al., 2015; Paixao et al., 2017 what extent thenaffected
guartersreact maydepend on the pathogenicity of the pathogesthe severity of the
inflammation(Pyordla, 2003; Merle et al., 2007; Petzl et al., 2008)s interdependence
may further explain the finding that culture results were similar between healthy and

CMT-positive quarters.

The prevalence of IMtausing bacterial species in the buffalo quarters largely varied
betweenfarms (Figure7.1). In a previousstudy on dairy cowsyithin farms,the cow

level prevalence of IMI by NABangedirom 0 to 50% (Schukken et al2009) and the
prevalence ofs. aureus/aried from 0 to 736 (Exel et al., 2023)Still, no such datas
availableon water buffalo These differences between farms may result from different
management or characteristics of the dominant infecting strains in éeande, 2019;
Leuenberger et al., 2019; Exel et al., 2023¢notyping of IMI pathogens may help
elucidatevarious strains' transmission potential andtes. A previous study using a
bioeconomic simulation model demonstrated that the optimal control measures for an
extramammaryS. aureusspillover to milk substantially differetom contagioussS.
aureusstrains(Exel et al., 2022)Therefore, genotyping the masttical species may be

a valuable next ep.

Buffalo with poor cleanliness of the hind quarter had higher odds of IMI by any bacterial
species, NAS, anfl. aureushan buffalo with clean hind quarters. Sofitimal hygienic
conditions of the udder and hind quarter may expose the teat canal aggrettand
resultin an IMI (Ndahetuye et al., Z2Db). Contamination of hind quarters predisposes
mainly to environmental IMI pathogerfRowe et al., 2019; Fréchette et al., 202iL)t
interestingly, culture positivity foB. aureusvas also associatedth dirty hind quarters.
Since dirt is unlikely the primargource ofS. aureuslMIl, we speculate that dirty
hindquarters may be linked to other factors predisposir®) sureudMl, such as the
rearing system or general hygiene. In this study, poor cleanliness of the hind quarter was
higher in semireeranging buffalo and in buffalo with poor milking hygiene. This
suggests that washing buffalo will neffectively reduceS. aureusprevalenceThe

underlying try risk factors should be identified in future studies.

Poor milking hygiengsuch asvhen farmers did rtovash their handsr use antiseptics
or teat dipping beforer 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 mitlg hygiene was associated with IMI and SCC

> 400,000cells per mLof milk in water buffalo quarter@Medeiros et al., 2011)n a
review article, poor floor hygieneyronghand mi | ki ng procedures,
hands were reported to be associated with SCM or IMI iry @@ws in SouthAsian
countries (Bari et al.,, 2022) Intramammary infectiogausing pathogens malye
transmitted directly i a mi | kdaring handmakimgl A study reportedathabout

16 % of samples taken from milking hands were positivesfaaureugBanu and Zewdu
Geberemedhin, 2022)which suggests thatlirty hands duringhand milking may
contribute tahetransmissiomf IMI within animals in a buffaltéerd In our study, farms

with poor milking hygiene frequently milked using the stripping method. harsd
milking methodnvolves bending the thumb and pressing the teat against the index finger
with the nail and end of the thumlvhich may cause injury to the teat skindthe teat
canal. Teat skin angphincterserve as the first linef defense to protect against mastitis
pathogens. When the teat is injured, it nf@seits protectivefunctionandcan easily be
infected(Rainard and Riollet, 2006; Tolosa et al., 2018)us, 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. aureughan tlosewith a symmetrical udde&aphylococcusaureusis known to

cause chronic subclinical inflammation in the water buffalo mammary gRestucci

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 alsotCM may resultin udder gland atrophy.

Surprisingly, in this studypwn-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 betw#eredt herddo cleanthe buffalo

barn and occasionally for milking. This may aenore 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 stufrms with their source buffalo
frequently hadriver-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
swamptype buffalo.Rivertype buffalo generally produce more milknd a previous
study reported that teat canal diameter and stretchability are correlated with the milk

production leel (Rathore and Sheldrake, 197The teat canal remains open longer in
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high-yielding animals (Klaas et al., 2005), whictay increase the risk adnteringiMI

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 Banigdesh. We showhatthe prevalence of IMlassociated bacteria
varies between farmsStrain typing of the IMI-associated bacterial species may be
helpfulin elucidatingtransmission routesf the major pathogens.ubdata suggest that

IMI can be partly maaged by better farm management, includinidking technique
hygiene,andbreeding, which can be usé&ml designwater buffaloudder 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
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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 ains of this study vereto a) assess farm udder health by measuring bulk mi
somatic cell count (BMSCC)p) compare the hygiene status along the milk chain nodes
by measuring total bacteria count (TBGptal nonaureus staphylococcusount
(TNAS), total Staphylococcus aureusunt (TSA), and totaEnterobacteriaceaeount
(TEC); c) describe milk chain characteristi@nd d) identify factors associated with
BMSCC at thefarm level and bacteria in milk along the buffalo milk chain in
BangladeshSamples were collected at multiple nodes along the buffalo milk value
chain: 122 bulkank 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 [€lielgeometric mean
BMSCC a thefarm levelwas 254x 10° cells per mLof milk. The mean value of TBC

was 5.2 log10 at tharmlevel, 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 cHak @.05). AhighBMSCC

was associated with season (spring versus winter)baffdlo-rearing system (semi
intensive versus intensive). Thgh TBC was associated with the season (winter versus
late autumn), the water source@sed whercleaning the milk containers (pond water
versus tubavell water), thetype 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 assoaigtiedigh levels of
TNAS. Our study indicated a moderate BMSCC and identified several factors associated
with increasedacterid contamination athe farm and middleman levels. Based on our
findings, improvingudder healttand hygienic practices during milk handling could aid

in reducingBMSCC andbacterial contamination and ensure the saéety qualityof
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 middleincome countries (LMIC)Adesogan and Dahl, 2020However,
consuming contaminated milk or milk products ncayseserious public health hazards
(Cervaetal., 2014; Verraes et al., 20 s)a perishable product, milk must be processed
immediately afér collection on the farmespecially if there are poor milk cooling
facilities. Dairy is primarily consumed in the form of fresh dairy products in LMICs.
Demand for thesproductss projected to increase by in the next decade, demanding
an increasefd..7 % in global milk productiotOECD/FAQO, 2019)Cow milk dominates
global production (81%), whereas water buffalare the principal norcow dairy
production species, contributing ¥oof milk output(Minervino et al., 2020)About 97

% of the total buffalo population resides in Asiaterbuffalo arethe primary source of
milk production in South AsiéHegde, 2019)

Smaltholder farmers in Bangladesh dominate the buffalo farming sector by utilizing
fallow land andfeed resources, providing incorgeneration opportunitiesNVater
buffalo are increasingly reared in a freenge system (locally known &8athari),
followed by household subsistence systemshicoastal areas, sugarcane belt, and
marshland of BangladegHamid et al., 2016b; Sultana, 201Bpwever, in Bangladesh,
water bufféo only contributed 4% of the total milk production recorded in 262 (13
million metric tons)(DLS, 2021) Buffalo milk production in Bangladesh is possibly
underexploited compared to neighboring himkfalo milk-producing countries such as
India, Pakistan, and Nep@amad, 2020However, similar buffalsearing sygems and
management practicesich avand milking, inadequate milking hygiene, transportation
with insufficient cooling facilities, and traditional milk product processing techniques
are also observed in these count(iesuji, 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 manufacture(slamid et al., 2016a)Middlemen and milk product
producers primam collect milk They collect buffalo milk from farms in remote coastal
areas and supply it to large dairy manufaatyicompanies or sell it to the local market.
Traditionally, the buffalo milk trade involvesrocessingthe milk into products like

yogurt and cheese, using raw or boiled milk without pasteurization. A study in
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Bangladesh showed that 8 of buffalo milk inthe Bhola district was used for yogurt
production using the traditional natural fermentation of raw n{iabib et al., 2021)

Milk and milk products can be contaminated directly through lactating buffalo mammary
gland intramammary infection (IM(Moroni et al., 2006)Bacterial contamination can
also occur during milking and milk handlindue tostorage, equipmenand hygiene
issue$, during transportation to milk collectiazentes, and during the processing and
sale of milk product§Sanaa et al., 1993; Tigabu et al., 2015; Islam et al., 2018)

Previous studiebaveidentifiedthe presence of different pathogenic bacteria in buffalo
milk and milk products, for examplepn-aureus staphylococcslAS), enterotoxigenic
StaphylococcysStaphylococcu$S) aureus Escherichia(E.) coli, and other coliform
bacteria(Mistry et al., 2015; Bauzad et al., 2019; Giovanni et al., 202Rwlha et al.,

2021) Coliform bacteria, particularl. 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 @ucial indicator of udder health arttie
prevalence of mastitiseflecting the milk quality at the herd level. It is monitored at the
herd level to ensurthe supply of highquality milk to the consumers. A higefMSCC
reflects an elevation of leucocytes in milk in response to IMI. Increased leucocyte
activity, caused byigh somatic cells and bactercan also decrease the quality of milk
and milk productsby activating proteolytic and lipolytic enzymes such dpakes,
oxidases, glycosidases, and protedkest al., 2014; Bauer et al., 2013) addition to
BMSCC,other bacterial indicatorare of importance&vhenranking the hygienic quality

of milk, including total bacteria count (TBC), totalon-aureus staphylococcugount
(TNAS), total S. aureuscount (TSA), and totaEnterobacteriaceaecount (TEC)
(Anderson et al., 2011; Berhe et al., 2020) many countries (for example, Canada,
Brazil, and Rwanda), the acdaplelimit for TBC in pasteurized milk ranges fromx5
10° to 5 x 10° CFU per mL of milk (Bauman et al., 2018; Cortinhas et al., 2018;
Ndahetuye et al., 2020Qa)he accefablelimit for TBC in Bangladesh is 2 x 10* CFU

per mLof milk (Bangladeslstandardsand testing institutéBSTI), 1009:1982).

Several studies have assessed hygienic quality along the dairy cow milk chain in
BangladesliiKhaton et al., 2014; Islam et al., 2016b; Islam et al., 2848)ther LMICs,
including India, Sri Lanka, and EthiopfBe Silva et al., 2016; Rai et al., 2020; Aliyo
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and Teklemariam, 2022However, tothe authorsknowledge, limited information is

available on the hygienic quality of milk and milk products along the buffalo milk chain.

To close this scientific gap, the amof our study vereto a) assess farm udder health by
measuring BMSC(Cb) comparethe hygiene status along the milk chain nodes (in the
bulk milk, middleran handling milk collection centers, and milk products) by
measuring TBC, TNAS, TSA, and TEC€) describe milk chain characteristiesd d)
identify factors associated with BMSCCthéfarm levelandwith 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 buffalas one of the predomimddairy species in Bangladesh. The current buffalo
population is 5 million (DLS, 2021) of which 40% is distibuted in coastal areas
(Faruque et al., 1990The remaining buffalo populatias spread acrosthe Meghna
Ganga and the JamuBsahmaputra flood plain§Sultana, 2018)Together, coastal,
semtcoastal, and rrer basin areas constitute tim@stsignificantareas ofvater buffalo
concentrabn in Bangladesh.The Rajshahi, Jamalpur, Mymensingh, Moulvibazar,
Bhola, and Noakhali districts are the coutsttymostimportant contributors to buffalo
milk (Farugue, 2000; Uddin et al., 201&)d therefore, were selected for this study to
represent the buffalo population in Bangladesh effectivEhe suktropical monsoon
climate of Bangladesh is mainly classified into six meteorological seasonmer (late

April to theend of June), rainy (earBuly 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 A@¢iatun et al., 2016)

Water buffalo in Bangladesh are reared under five major production systems, depending

on topography, vegetation pattern, dheseasonal availability of feed resources. Free
range buffalo-rearing systens, such as the bathan (a fresge system with
apprximately 500 buffalo per farm) and sefmthan systems, depends on the pasture
seasonal availability. In the bathan syséebuffalo depend on grazing on fallow pasture
on islands from spring to autumn. In the sdr@han systers) buffalo from the islansl
are shifted to the mainland from late autumn to winter f6m3onths because aflack

of availablepasture on the islandklp to 20 buffalo are tethered and sfaeldl in the

household systenmunder available housing facilities. In semiensive systems
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approximately 150 buffalo are kept on pasture in river basin areas during the daytime
and at housing facilities at nigh®n intensive farms, up to 170 buffalo are reared for
breeding in zer@razing systems using housing facilit{egldin et al., 2016; Rahman et

al., 2019b; Samad, 2020)

8.3.2 Study design and sampling area

A crosssectional study was conducted in four buffatdlk chain nodes (farm,
middleman, milk collection center, and milk product shop) from seven buffalo
concentrated districts in BangladeShe studytook placefrom 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 correspondingpazila(the name used for thedministrative unit of sub-district

in Bangladesh)veterinary hospital (UVH)and a norgovernmental organization named
the "Palli KarmaSahayak Foundati8r{PKSF) which worked on buffalo. Thechosen
buffalo farmers were contactadth arequesfor information on the farfa locationand
themiddlemenand milk collection centenssed A total of 122 buffalo farms with 1 &
lactating buffalo per farrmet the selection criteriandwere recruited for this project.

No organized informatigrsuch as lists and contacts, was available for middlemen, milk
collection centerspr milk product shops. Therefore, a list was credbgdapplying
snowball samplingEtikan et al., 2016and collecting data from the selected buffalo
farmers and local buffalo milk product shops at each study locatidist of the
distribution of the analyzed samples is given in Tahle One of the 122 bulk milk
sampleswas 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 produatemprised of yogurt (r 26), cheese (r

7), andbuttermilk (n= 2), were analyzed for the assessment of ba¢teoiatamination.
However, samples from the middlemen node, milk collection centers, and milk product
shops were not linked with the source buffalo farm. Deds colleceéd using a pre
structued questionnaireg(estionnaires can be found in subsedibh3, 124, 12.5, and

12.6 undefChapterl2 Appendices
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Table 8.1 Distribution of milk and milk product samples (N = 377) collected at

four different nodesof the buffalo milk chain in 7 districts of Bangladesh

District Farm Middleman Milk Milk Total
collection products number of

center shop samples

Noakhali a7 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

Buffalo population at district level

Legend

Buffalo heads (District levels)
5 [ No data

7 [ < 1900

- I 1901 - 7000

7001 - 17000

I 17001 - 136000

Fig. 8.1 Seven districts that wereselectedfor sampling in the study

(a) District-level buffalo heads in Bangladesh are illustrated in the map of Bangladesh
(Data sourcet DDP (2019). (b) The yellow indicates the location of the studgsen
selected districts (Rajshaliamalpur, 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 wié®roughlymixed for 5
minutes, and samples were collected from the top of thadmilkusing a clean, sanitized
dipper. 2530 mLsampleof the farn® Bulk milk was collected aseptically in a sterile 50
mL screwcapped falcon tube. Two representative aliquots from the samé fanik

milk were collectedOne aliquot was used to perfothe BMSCC analysis, artdeother

was preserved aseptically for bacteriological culture. 10mL bulk milk samples were
collected aseptically from the middlemen nodes 1 lafterthe collection of bulk milk
sampledrom the farmsand 10mL of mixed bulk milk samples were collected at the
milk collection centers one hour after thedaiemen delivered the millApproximately
30-35 g of milk products (yogurt, cheese, and buttermilk) were collected aseptically from
each milk product s¥p in a 50mL sterile screwcap bottle. All collected samples were
transferred to an ice box immediately. Upon collegtll samples each day, the samples
were frozen and stored &0 °C, and bacteriological quantification was performed 24

hours aftethe samples were stored.
8.3.4 Bulk milk somatic cell counts of farm bulk milk

BMSCC was measured ihe thoroughly mixed morning bulk milkwhich contaired

milk from all the lactating buffalo at each faromsing a DeLaval somatic cell counter
(DCC) (DeLaval GroupStockholm, Sweder(Adkins et al., 2017b)The DCC showed

the BMSCC results as cells/ uL of milk multiplied by 1000 to estimate¢lis per mL

of milk. The measurement was taken immediately at the farm following the collection of
the farm bulk milk sample# BMSCC level of #0x 10° cells per mLof milk, suggested

by Costa et al. (2020)vas used as the caoff 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 bacteriologicafjuantification following the National Mastitis Concil
Protocol2017(Adkinset al., 2017h)The total bacteria courdtaphylococcatount, and
Enterobacteriaceaeount 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 agameda used was manufactured by Oxoid, Basingstoke, UK.

perform bacteria enumerations, 1 mL of the milk samples was mixed mithod diluent
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(sterile 0.9% NacCl). Samples were serially diluted-fiddd up to 1¢’. To estimate the
total number of aerobic bteria in the samples, the pour plate technique was carried out
following 1SO:48331 (2013) From each 10old dilution prepared, 1 mL of the sample
was mixed with 150 mL of molten PCA in a sterifgetri dish and incubated aerobically

at 30°C for 72 hours.The Staphylococccount was determined using the surface plate
technique, following/icosa 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°€7for 48 hours, and the®. aureusndNAS were
enumerted. To confirmS. aureuscolonies, five colonies were randomly chosen and
tested usin@ coagulase test. Determinationkriterobacteriaceawas performed using

the pour plate technique following"%ed. NMKL-144 (Nordic Committeeon food
analysis) standds. A 1 mL vortexed sample was mixed withII®mL of VRBG. Then,

a second overlay of 50 mL of VRBG was added after solidification. Culture plates were
incubated at 37C for 48 hours. A further oxidase test was conducted on five randomly
selected coloes to differentiateEnterobacteriaceadrom nonEnterobacteriaceae
Bacteria enumerations were done consideangpurtable dilution containing < 300

colonies.
8.3.6 Collection of epidemiological data

A questionnairavas divided into four subsectiotsdescribe the buffalo milk chain and
investigate factors associated with farm BMSCC and bacteria from the buffalo milk chain
nodes. Section A captured data at ftwen level and included 45 questionshe data
included informatioron farmers'educationlevel, buffalo-rearingsystem, geographical
area of the farmthe total number of lactatinguffalo, number of drybuffalo, average

milk yield per day, milker hygiene (excellent: milkers use antiseptic and wasls; hand
good: milkers only wash hand; poor: lkers dort wash hand), and udder hygiene
(excellent:udder is clean and dried; goadider is clean but not dry; poardder is not
clean ands wet). Section A also collected data on milk containers, such as the type of
milk container, how the containesgre cleaned, and the cleanliness score of the milking
containers. The cleanliness score was defined using three categories, based on visual
observation by the interviewéexcellent no greasiness or dirt was observed inside or
outside the containpgoad: no greasiness or dirt was observed inside the conjainer

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, transportatidhearability

to obtan a reasonable price when selling the milk.

Sections B and C contained 20 questions and collected information from the middlemen
andmilk collection centers. Data on milk transportat{soch as any cooling materials
inside the containeysmilk compositon (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 questiottsgatherinformation on milk productghetype 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 obseriran by the interviewer. Information on ttpe of

milk was obtained by crosguestioning the middlemen or personnel at the milk

collection centers.

Participationfrom the farmers, middlemen, and milk product shop owners was voluntary.
Each farmer gaveritteninformed consent to participate in the study, and the middleman
and milk product shop owners also gawéten or oral informed consenthe study was
approved ad performed in line with the guidelines of the Sylhet Agricultural University
Research System (AUP/21/06) in Bangladesh. The questionnaire was pretested and
revisedbased orthe commentdgrom the pretestEach 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 questionnati®ased survey and the bacteriologiealimerationsvere
entered ito an MS Excel spreadsheet.eldata 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) dataverelogl10 transformed to achie normal data distributions. Descriptive
statistics were performed using a boxplot for BMSCC afahma level, andthe bacteria

count (TBC, TNAS, TSA, and TEC) at each node of the buffalo milk chain (farm,
middleman, milk collection center, and milk prmd). A summary (mean and range) was
presented for the quantitative variablsach as the number of lactating animéaie
average milk yield at thiarmlevel, and frequencpumberswith percentagesalculated
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for the generic datasuch as problems fageduring transportatiomnd storage, and

farmers getting the right milk price.

Univariable analysisa t-test or a oneway ANOVA was performed to identifythe
variablesPO 0. 20) to be included in the multiyv
potential associations witBMSCC or bacteria contamination. Three multivariable
regression models (Modélfor BMSCC, Model2 for TBC, and ModeB for TSA) were
constructed athie farm level and one athe 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 praure. The presence of any confounding was assessed by removing

one variable from the model and evaluating whether the coefficients were chargfed by

% andwhetherthe confoundingwas biologically meaningful. The interaction was
evaluaedby constructingwo-i nt er acti on product terms for
adding them to the model, and examining changelse® values of the main effects.

The final model included variableswitiP®® 0. 05. A vari ation inf|
Cook Weisberg tesivere performed for model fit to identify multollinearity and

heteroskedasticity, respectively.
8.4 Results
8.4.1 Bulk milk somatic cell counts #tefarm level

The geometric mean of BMSCC at flaemlevelwas 254x 10° cells per ml; the highest
value was 1,23 x 10° cells per ml.and the lowest was 3610° cells per mL Among
the farms, 3@% exceeded the BMSCC threshold of 40D0° cellspermlL.

8.4.2 Bacteria contamination at various nodes of the milk chain

A summaryof different bacteriacounts (TBC, TSA, TNAS, and TEC) esentedn
Table8.2. The number of sampleemonstratingas positive for the included bacteria
showed that irrespective of the type of samples, all the tested samples hatahleoun
number of TBCwith 89- 100% of the samplebeingpositive for TNAS, 48 80 % for
TEC, and 13 18% of the samplepositive for TSA. A tendency fanincrease in TBC
was observed along the milk chdkig. 8.2 a, b, ¢, and d).
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Table 8.2 Summary statistics of BMSCC and three different bacterihcounts

presented in mean, range (minimurrmaximum), and median for 377 samples

collected at four different levels o the buffalo milk chain in 7 districts of

Bangladesh
BMSCC/ Sample source Number of LoglOmeart Median
Bacteria®  (number of samples positive samples (Min -Max)
analyzed) (%)
BMSCC
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 - 6.6 (3.6- 9.9) 6.7
center (108)
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 20 (18.0) 3.7 (3.0-5.7) 3.6
center (111)
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 111 (100.0) 5.4 (3.3-8.4) 54
center (111)
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 85 (76.6) 4.2 (2.0-7.0) 4.1
center (111)
Milk products (35) 28 (80.0) 4.6 (2.3-8.4) 4.8

IBMSCC = Bulk milk somatic cell count/ mL of milk; TB& Total bacteriacount/ mL
of milk; TSA = Total Staphylococcus aureuwount/ mL of milk; TNAS= Total non

aureus StaphylocodamL of milk; TEC = Total Enterobacteriaceaeount/ mL of milk

2To calculae the mean, medianand range, log10 transformed values of the original

values were usednly samples positive for selected bacteria counts were considered

when calculating the mean for bacterial counts

SBMSCC records wreonly available at théarm levelon 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) ofthe buffalo milk chain

in Bangladesh (using box plad)

(a) represents the total bacteria count; (b) represents theStaggiylococcus aureus
count; (c) represents the totadnaureus staphylococcuunt; (d) represents the total
Enterobacteriaceaeount. Thehorizontal lineshow the comparison between the sample
type, and the symbol for the significance level is indicated above theTleelevel of
significancecorrespondingo the symbol is displayed at the bottom of fengure
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8.4.3 Buffalo milk chaincharacteristics

Buffalo farmers in this study were aged between 13 to 85 years altil®). A high
number of the farmers had a primary education level (Grafje(46 %), followed by
farmerswith no formal educatior{32 %) and farmers with a secondary (%) or
graduate level (56). All the farmers involved in the buffalo milk enterprise interviewed
were male. The farms used hand milkingtssr usual milking practicePoor milking
and udder hygiene was obsenadmost of the farms. About 7% of the famers did
not use antiseptiasr wash their hands before milking, ¥®washed their hands, and 2
% used antiseptics following hand washirtigwas observed that, during milkinthe
udder was dirty and wet on 50 % of the farms; on 3T udder was cleaand on 12
% of the farms, the udders were both clean andNioye of the farms used prer post
milking disinfection. Of the farmers, 1% sold raw milkfrom thefarm to the local
consumers, 7o sold milk to middlemen, and 19 sold their milk directlyto the milk
product shops34 % of the farmers responded thand milking wagroblematic, as
farmers were frequently injured during milking by the tsmoperative buffalo (Table
8.3). The middlemen in this study hadilk-selling experiencef betweer? to 40 years.
During transportation, %6 of the middlememixed ice with the milk irsidethe milk
containes, while the remaining did not provide any cooling of the niMkstmiddlemen
(64 %) cleaned the milk containers once daily, while%@&leanedthem twice daily
(Table8.4). All the milk collection centers mixed buffalo mikith 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,%@®f the milk collection centers
kept the milk at room temperature (zB®°C), while only 4% stored the milk in a freezer.
About 63% of the milk products were preparedrigtail shops, and 3% wereat the
household level. The milk productgere 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 (Tab&S5).

130



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 37 (32.0) - -
education
Primary 53 (45.7) - -
Secondary 20 (17.4) - -
Graduation 6 (5.2) - -
Who milks the  Owner 72 (59.0) - -
buffalo? The owner, worker, 53 (40.9) - -
and middleman
Washthe No 98 (81.0) - -
mi | ker s @ Yes 23 (19.0) - -
before milking
Type ofmilk Aluminum 69 (58.0) - -
containers used Plastic 32 (26.9) - -
Tin 13 (10.9) - -
Others (Aluminum, 5(4.2)
Plastic, and glass)
The watersource River water 25 (21.6) - -
for cleaning the Tubewell water 57 (49.1) - -
milk containers Pond water 34 (29.1) - -
Containers No 113 (93.4) - -
remain open Yes 8 (6.6) - -
during storing
milk on the farm
Point of milk Farm 19 (16.5) - -
sale Middlemen 80 (69.6) - -
Milk product shops 16 (13.9) - -
Farmers age - - 36.7 (1385) 35
Farm size - - 27.3 (3170) 17
(buffalo heads)
Numbers of - - 7.8 (346) 5
lactating buffalo
Numbers of dry - - 6.6 (060) 3
buffalo
Numbers of - - 5.1 (095) 2
heifers
Numbers of - - 8.6 (051) 5
calves
Average daily - - 13.6 (1.5150) 8

milk production
per farm
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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- Median
(%) Max)

Trading Non-experienced 2 (2.0) - -

experience (O 5 year
Experienced 99 (98.0) - -
(> 5 years)

Cooling of milk  No 100 (95.2) - -
Yes (Addng ice to 5 (4.8) - -
the milk during
transportation)

Materials used Container kept opet 63 (57.3) - -

for covering milk Cloth 1(0.9) - -

container 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 42 (40.4) - -
milk

Cleaning Once daily 65 (64.4) - -

frequency of Twice daily 36 (35.6) - -

milk containers

The watersource Pond water 49 (47.6) - -

usedfor cleaning Tube well water 21 (20.4) - -

the milk Tube well water 33(32.0) - -
container with detergents

Transport time - - 1.5 (08.0) 1

(in hours) from
middleman to

milk collection
center
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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) m the buffalo milk chain in Bangladesh

Nodes ;/:rrrllaeble Categories Num(E/(j)r Mean E\'x;?() Median
Type of AIum_inum 38 (36.9) - -
containers useq - |2stic 59 (57.3) i i
Tin 6 (5.8) - -
Mi Stored milk in  Yes 4 (3.6) - -
ik .
collection the_ freezmg No 106 (96.4) - -
center facility .
Storage time
(hours) before
further - 1.4 (06.5) 1
processing
Yogurt 26 (74.3) - -
T?’(f(fugz Cheese 7 (20.0) i i
P Buttermilk 2 (5.7) i :
Product Shop 22(62.9) - -
glrggeessmg Household 13 (37.1) - -
Clay 12 (34.3) - -
Type ot Plastic 16 (45.7) i i
Glass 7 (20.0) - -
Own shop (own
farm and through
Milk own contract 10 (28.6) ) )
O Souce of ik IS
purchase '
contract
middlemen, and 25 (71.4) - -
other farmers or
middlemen
Buffalo milk 7 (20.0) - -
Typeof milk ngbuffalo 28 (80.0) i i
mixed milk
Whole seller 9 (25.7) - -
Type of seller 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

nodesof the milk chain

Six variables had & O 0.2 in the univariable analysisresentedin Table 8.6.
Multivariable linear regression analysis at tiemlevelshowed that in model 1 jagher
BMSCC was observed in the spring seaddr (0.001) compared to the winter season
and in the intensiveuffalo-rearingsystem P = 0.006) compared to the semtersive
system. In model 2, higher TBC wasassociated with the winter seaséh= 0.007)
compared to the late autumn seasom milk containersierecleanedising pond water

(P =0.03) compared to tubeell water. In model 3the TNAS count was significantly
higherin the coastal or sertioastal regionsR = 0.0003) compared to the farms in the
river basin area. (Tabk7). Neither confounders nor interactions were observed in the
models.

A higherTBC in the milk samples from thmiddleman node was associated with cow
and buffalo milk P = 0.02) compared to pure buffalo milk. TBC lev&lere also
significantly higherwhen middlemen used milk containers with poor cleanlinBss (
0.004) compared to excellent cleanliness (Tal8g Blo significant variables existédr

the TSA, TNAS, and TEC modelsNo variables remained significaim the final
multivariable models at the milk collection center and milk product shop level. All

models fitted well and were free from any collinearityl dneteroskedasticity.
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Table 8.6 Univariable association between the logttransformed bulk milk

somatic cell count (BMSCC), total bacteribcount (TBC), and total non-aureus

staphylococcugount (TNAS) at the farm and middleman levelwith various farm

and middleman level variables using-test or Oneway ANOVA

Columns were kept blank where the association Hadadue >0.20.

Mean (numbers of positive samples

e e e LoglOBMSCC Logl0TBC LoglOTNAS LoglOTSA
Farm level
Winter 5.1 (16) 5.4 (16) 4.2 (12)
Season 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
Semtintensive 5.3 (23) 4.0 (23) 3.0 (1)
Free
Rearing rangebathan 5.5 (15) 4.6 (15) 3.0 (4)
system Hougehold 5.5 (20) 4.4 (19) 3.9(1)
Semtibathan 5.4 (61) 4.4 (52) 3.3(10)
Intensive 5.6 (3) 4.3 (2) -
P 0.2 0.2 0.1
. River basin 5.3 (62) 4.9 (62) 4.0 (52) 3.2 (10)
Geographical |, 4 55(20) 5.3 (20) 44(19)  3.9(1)
area of the Coastal or semi
farms 5.6 (40) 5.5 (40) 4.9 (40) 3.3 (5)
costal area
P <0.0001 0.01 <0.0001 0.1
The water River water - 5.3 (24) 4.4 (22) 3.1(9)
sourceused  Tubewell water - 5.0 (57) 4.1 (51) 3.4 (5)
Iﬁrecrﬁﬁ‘(nmg Pondwater . 56(34) 48(32)  3.7(2)
containers  p - 0.009 0.004 0.04
Middleman leveP
Buffalo milk - 5.8 (62) 4.7 (61)
Nature of Cow-buffalo -
milk mixed milk 614 53(38)
P - 0.04 0.01
Excellent (Clean -
inside and 5.4 (13)
Cleanliness outside)
of the Poor - 6.3 (30)
containers _Go_od (Clean - 5.8 (59)
inside)
P - 0.04

1BMSCC is notbiologically associated with the water soucbeaning milk containers
Thus,is kept blank.
2BMSCC data was unavailable at the middleman IeNalis the LBMSCC column was

kept blank.
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Table 8.7 Results from three multivariable linear regression modelgor the

association between the logtfansformed bulk milk somatic cell count

(BMSCC), total bacterial count (TBC), and total nonaureus staphylococcus count

(TNAS), with farm level factors in Bangadesh expressed aseef f i c i98% t

confidence interval @5 % CI), and P values

~

Models Variable name Categories b N 95 % ClI P
Model 1: Bulk milk somatic cell countt
Intercept 4.86+0.09 4.67t05.04 <0.001
Season Winter Reference < 0.001
Late autumn 0.14+£0.09 -0.04t00.31
Spring 0.51+0.08 0.36t00.67
Rearing system Semtintensive Reference 0.002
Household 0.18+0.08 0.01t00.34
Freerangg/bathan 0.21+0.09 0.03to 0.39
Semtibathan 0.24 +0.07 0.10to0 0.37
Intensive 0.62+0.17 0.27 to 0.97
Model 2: Total bacteria coung
Intercept 459+0.18 4.23t04.95 <0.001
Season Late autumn Reference 0.018
Spring 0.54+0.20 0.14t00.93
Winter 0.63+0.30 0.05to01.22
The watersource  Tubewell water Reference 0.026
usedfor cleaning  River water 0.22+0.24 -0.25t00.68
the milk containers Pond water 0.50+0.18 0.14t00.86
Model 3: Total non-aureus Staphylococcusount®
Intercept 3.98+0.12 3.75t04.22
Geographical area River basin Reference <0.001
of the farms Inland 0.38+0.23 -0.08t00.84
Coastal or semi 0.87+0.18 0.51t01.22
costal area

1Based on records from 116 buffalo farms
2Based omecords from 111 buffalo farms

3Based on records from 109 buffalo farms



Table 8.8 Multivariable linear regression analysis of the association between the
logl0transformed total bacterial count (TBC), with middleman level factors in
102 middleman buffalo milk chain samples in Bangladesh expressed asef@icient
( b95 % confidence interval @5 % CI), and P values

Variable name  Categories b N 95 % CI P
Intercept 5.87+0.12 5.64t06.11
Typeof milk Buffalo milk Reference 0.02

Cow-buffalo mixed 024+010 0.04-0.44

milk
cl i ¢ Excellent Reference 0.01
eaniiness ot =504 0.006 £ 0.14 -0.27-0.28
the containers
Poor 0.47+0.16 0.16-0.79

8.5 Discussion

This study showednoderate levalof BMSCC in milk from buffalo farms and high
levels of TBC, TNASand TEC at various nodes in the milk value chaime overall
mean BMSCC at théarm level was 254x 10° cells per mL. which falls below the
accepablethreshold of 400< 10° cells per mLused for buffalo milk in ItalyCosta et
al., 2020)andthe neighboring countries, Nepal and Indi2hakal, 2006; Alhussieand
Dang, 2018) However, about 306 of the herds in the present study exceeded the
abovementioned thresholdl high SCC is considered a reliable paramé&iemdicating
inflammation in the mammary glantherefore, farms with a high BMSC@ay be
associated with possible IMI iouffalo. A previous study reported that SCC in buffalo
guarters substantially increasestire presence of an IMIparticularly when IMI is
mainly causedby Streptococcuspp andS. aureugMoroni et al., 2006)This indicates
that IMI may be the mosdtritical factor driving BMSCC, suggesting that improving
buffalo udder health mighteduce BMSCC.

Our study found that the springes®n and intensivauffalo-rearingwere associated with

a high BMSCC levelon buffalo farms. Seasonal variat®im BMSCC hae been
reported in earlier studies on dairy cows and goats in the Netherlands and Canada
(Sargeant et al., 1998; @dRiekerink et al., 2007; Koop et al., 200Bjowever, the
influenceof the seasonsn BMSCC is not well understood in buffalo. Nevertheless, the
seaonal effect on BMSCC is a descriptixaher than a risk factpand the possible
explanations for thsefindings are mainly speculative. In the present study areas, buffalo
were moved to the islands during spring, which miglt the animals ina stressil
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condition due to the long transportation (both walking and traveling by, bo#b)
lactational stresasa response to the surge in milk yield.high BMSCC may reflect

this management stressspring.

In our studylargerfarm sizeswere observed ithe intensivébuffalo-rearingsystemi.e.,
farm size wadetween50-170 animals and generally had a high stock densitych
may also increase the chances of spreading IMI pathogens in thi@hsaret al., 2022)
Nevertheless, the animals l@daccess to grazing and wallowing facdg, puttinghem

in stressful conditins andpossiblycompromigng thar immunity. Animals in intensive
farms in this study wengrimariy high-yield, crossbreduffalo (e.g, Indigenousx Nili -
Ravi and Indigenous Murrah). It is known that there is a correlation between high milk
yield andincreased BMSC(Costa et al., 2020Altogether the increased chances of
IMI and stresiuil corditions may havded to a high BMSC@®@n the intensivefarms 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 Baaegh 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 BM&@tCthere are no
dairy herd improvement progrartilse those foundn the USA and Canadiland et al.,
2012; Troendle et al., 2017Therefore, the buffalo farmers in this study with high
BMSCCare likely not motivated to upgrade their farm management based on BMSCC
results. Enforcing regular testing of BMSCC and implenngna penalty or premium
system mayelp regulatehe farmstherely improving udder health and milk quality on

the buffalo fams.

The buffalo milk chain in Bangladesh is informal and has remained underregulated
terms ofhygiene practices. The highest level of TBC was identified in the terminal milk
chain nodese.g, milk products, compared to the lowest TBC levels observéteifarm

bulk milk. The levels of TBC at the included nodes (5.2 log@OmL at the farm level,

6.0 log10 athemiddleman level, 6.6 log10 at milk collection centers, and 7.5 lpgt0

mL in milk products) veremuch higher than the acdaplethresholdof 4.3 log10 (2x

10% per mL set by theBSTI (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 Bangladeglslam et al., 2018and in studies from other LMICs,
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such as Rwanda and Zimbab@Wéhone et al., 2011; Ndahetuye et al., 2020dere
may be seeral reasons for increasing levels of TBC, for example mixing milk from
different farms, bacterial growth due to long transpionesin ambient temperatures
and unhygienic processing stépstursson et al., 2018; De Vries et al., 2020; Ndahetuye
et al., 2020a)Therefore, iis advised that microbiological evaluation of milk quality be
enforced, and farmeshouldbe encouraged by offering a premium pricehfighermilk

quality.

Our study demonstratatiatthe winter season compared to late autumn and the use of
pond water compared to deep tuwkell water for cleaning the milk containers were
significantly associtad witha higherdevel of TBC at thdarm level. These findings can
bepartly explained by the fact that, during winter, there is isadbwering ofthewater

level in the studied areas, which makes river transport difficult by baasjng the need

for additional walking timéo reach the mainland. On the other hand, in late auttiran
buffalo are transported to the mainland du¢ht greateavailability of feed resources
there,meaning they arelose to the location of milk collection centenas themainland
Thisdramaticaly reduces the postilking transportation timé&om thefarm tothe milk
collection center, which may act as a protective factor in reducing bacteria contamination

levels.

Cleaning the milk container using tubeell water maks sense as a meaoifsredugng

the level of contamination compared to river or pond water. This also agrees with an
Ethiopian studydemonstratinghat tap water use correlates with lower TBC than other
water sources, such as river and pond w@kbyo et al., 2022) Using pond and river
water may affect the milk containers' cleanliness and compromise the milk's
microbiological quality Pond or rivers are generally located close to the manure
reservoir Theycould act as a source of crassntamination of the watersed to clean

the containes (Lopes et al., 2021)herefore, it is recommendénl usetubewell wate

to clean the milk containers, which may likegduce 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 witie findings ofAliyo et al.
(2022) A mix of milk from different sources resulted in an ovetafjh TBC level.
Hence, from the findings of this studyleaning the milk containswith clean tubewell

water and avoiding mixing buffalo and cow milk could improve the hygienittygud
themilk.
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Non-aureusstaphylococcusncreaseetweenthe farm node (4.2 logl@ndthe milk
products node (5.7 log10). Previous studies show thahnogus staphylocoasspecies

can colonize the teat canal of water buffalo during episodes offMdanu et al., 2019;
Singha et al., 2021a}his can therebyasily contaminate milk during milking. We
identified higher levels oNAS associated with farms located in coastal or sewastal
areas. In coastal or sewwwastal areas, buffalo farms are digtglocated Transportation
depends on boats and walking, with the transport time to the milk collecting center
reaching up to 6 hourpromotng bacterial growth. To reduce bacterial contamination
during transportation, its advised to use an insulatedlk container with a cooling

facility.

An increased level dEnterobacteriaceawas recorded in the milk products (4.6 l1og10)
compared to the farm bulk milk samples (2.9 log10). Other studies from Bangladesh and
elsewhere show similar resulfglhone et al., 2011; Knightones et al., 2016; Islam et

al., 2018) Islam et al. (2018jeported that all milk samples from a chilling center and
final processed milk were contaminated with colifoymend twethirds were
contaminatedvith E. coli. Another study in Kenya identifiethat milk containerswvere
frequently contaminated with colifim bacteriglOmbui et al., 1994)The presence of
Enterobacteriaceaéndicatesthe fecal contamination of milkThere was inadequate
udder and milker hygiene on the farms in the presemy, which might lead to milk
contamination. This is supported by a previous study in Banglgtsin et al., 2018)
Regardless of the type of milk produsethere is a neetb createmotivation to follow

the hygienic cleaning of milkontainers to ensure safe milk for the consun&iree 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 centet [grobably 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
onthefarm and microbiological evaluation of milieforemilk processings required to

ensure safety and milk quality. Microbial contamination increased from farm to milk
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product shopsindicating bacterial proliferation during milk transportatidmerdore,
cooling milk during transportation could improve milk quality. ContaminatioiNA
and Enterobacteriaceadighlights insufficient hygienic practices during milking én
subsequentilk handling Cleaningmilk containers with tubevell water and avoiding
mixing cow milk with buffalo milk were identified dseneficial practiceOur findings
suggest that better hygienic practices during milk handling could help redueedac
contamination andncreasepublic 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
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CHAPTER 9
Prevalence of foodborne zoonotipathogensin 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, assegthe prevalence of zoonotic pathogens in buffalo
milk is crucial for ensuring the safety of the consumers. The present study aimed to
estimatethe prevalence oimportantfoodbornezoonotic pathogens in milk and milk
products and identify the associatedtors inBangladesh's buffalo milk chain nodes
One hundred and forthree samples were collected from farm bulk milk=(134),
middleren (37), milk collection center(n = 37), and milk product shops £135). They
were analyzed using RPCRto estimatehe prevalence of seven important zoonotic
pathogens: Staphylococcus aureusEscherichia (E.) coli, Shiga toximproducing
EscherichiaE.) coli O157:H7, Campylobacte(C.) jejuni, Listeria(L.) monocytogenes
Salmon#a (S) entericg andYersinia(Y) enterocolitica Escherichia colwas the most
prevalent pathogen along the milk chain noddw®e prevalencef the pathogensas
high over the buffalo milk value chaifhree classica¢nterotoxinencoded genes f&.

coli O157:H7were testede.g, eae stx1, andstx2 of whichthestx2genotype was most
prevalent and was most common in milk products %4 L. monocytogeneand Y.
enterocoliticaweremore prevalent in the farms (@™ %) thanm the later milkvalue
chainnodes The prevalencef S.entericawaslow (0-2.9%) in all the milk chain nodes
and all the samples were negative @iejuni. These results suggest thmtffalo milk
consumers in Bangladesh are at risklfomonocytogessandY. enterocolitican the
farms anck. coli 0157:H7with stx2genotype at the milk product shofsentericaand
C.jejuniare not frequent contaminamif thebuffalo milk chainin BangladeshAvoiding
plastic made containers and dirty cloths feaoing milk containers may help reduce the

contamination irthe 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, induding 1.3 million children under fivgears(WHO, 2022) Microorganisms
causing foodborne illnesses are mainly associated with consuming harmful toxins or
chemicals contaminated with food or waf€bC, 2020) Foodproducing animals act as

the reservoir of many foodborne zoonotic diseases, and food products serve as vehicles
for transmittingthe causal agentderedia and Garcia, 2018)he illness primarily
results from ingesting contaminated foodstuffs either by the infection through vegetative
pathogenic microorganisms or the intoxication by bacterial tofdalslis and Sisay,
2015) The microorganisrs toxins or virulence facter are responsible for the
pathogenesis and detrimental effects on human h@stbe et al., 2020Bacteria are
associated with twthirds of human foodborne diseases, with a relatively heavy burden
affecting low and middléncome countrieAbebe et al., 2020Foodborne disases also

have economic consequences for the healthcare system, food prpadetistributors

and require specific attention from regulatory authori{igsebe et al., 2020; CDC,
2021) Despite increased global awareness of foodborne infections as a thpahti¢o
healthsafetyand socieeconomic development, food safety remains ignored, especially

in low- and middleincome nations.

Milk and milk products are nutritionally rich amnsideredmportant components for
many healthy diets but, if contaminated, can be a source of human pathogenic
microorganismgSonnier et al., 2018Milk is a sutable growth medium for many
microorganisms due to itsgh nutritional value with protein, sugaend lipid contents
(Monnet et al., 2015; Abebe et al., 202@yevious studies primarily evidenced the
presence of zoonotic bacteria in cows, sheep, and (falsmi et al., 2010; Artwson

et al., 2018; Aragédo et al.,, 2028tudies have found zoonotic microorganisms like
StaphylococcuS) aureus EscherichiaE.) coli, and enteropathogertic coli O157:H7

in bulk milk and cheese samples from dairy cgess et al., 2016; Guzmdaternandez

et al., 2016; Jaakkonen et al., 2018higa toxirproducing (STECHhbility of E. coli
0O157:H7was previously reported from dairy cowslk mainly for three virulent genes
such asstx], stx2 andeae(Caine et al., 2014; Desmarchelier and Fegan, 2016; Disassa
et al., 2017)Campylobacte(C.) jejuni, Listeria (L.) monocytogenessalmonellaspp

and Yersinia(Y.) enterocoliticawere also previously identified in cow lkumilk 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., 2020Q)still there only a few published studi@odinho
et al., 2020; Khan et al., 202@ported the prevalence of these zoonotic pathogens from

buffalo milk in low- and middleincome countries.

The waterbuffalo-rearingsystem in Bangladesh mainlycindes freeranging systems

on islands in the coastal or seatiastal areas and a seimiensive or intensivbuffalo-

rearing system in the inland. Thbuffalo milk trading alsohas different levels of
handlers, for example, middlemen, milk collection, amtk products shopgHamid et

al., 2016a; Singha et al., 20218angladesh's buffalo milk value chaponsistsof
activities and processes, including production, processing, trading, and daogsuitk

and milk productgHamid et al., 2016a; Singha et al., 2020d)e farms are generally
located remotelyThus transportatiorto the milk collection center takes a long tiraed

the absence of a milk cooling facility during transport affects milk sdfédpib 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 rkilhandling along the stages of production is required to
achieve quality and safety durittge consumption of milk andhilk-derived productsA
considerable obstacle to adequately addressing food safety concerns is the lack of data
e.g, prevalence and €tors associated with foodborne pathogen contamination in buffalo
milk and milk productswhich would enable policymakers to set public health priorities

and allocate resources.

The present study aimed to appbaltime polymerase chain reaction (FPCR) to
estimate the prevalence of seven important zoonotic pathdgeasteusk. coli, Shiga
toxin-producingE. coli 0157:H7, C. jejuni, L. monocytogenesalmonellaspp andY.
enterocoliticaand to identify the risk factors associated with these pathogens in milk and

milk products inthe buffalo milk chaimodesn 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/21/08kitten informed consenvas
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given by the buffalo farmers, middlemen, milk collection ceraed milk product shop

owners before participation in this study.
9.3.2 Study design

This crosssectional study wasonductedfrom February 2020 to April 2021 in four
buffalo milk chain nodes (farm, middleman, milk collection center, and milk product
shop) in 6 districts in BangladeshNpakhali, Bhola, Maulvibazar, Mymensingh,
Jamalpur, and RajshahiThe farmer$ list was created with the help of thépazila
Veterinary Hospital (UVH) and a negpovernmental organization named the "Palli
KarmaSahayak Foundation” working on buffalarmers in BangladestA list was
created by collecting data from the buffalo farmeard local milk produicshops at each
study locatio. From there, the farmsniddlemen, milk collection centers, and milk
product shopwere randomly recruited for this study based on the sample size estimation.
The sample size waslculated to estimates® % prevalence wit®5 %confidence and

a final margin of error of 0.17sing https://statulator.com/SampleSize/ss1P.huvié

required 34 samples for each type of milk chain sample.
9.3.3 Collection ofsamples

One bulk milk sample was collected from each buffalo fafmo milk samplesvere
collected aseptically before mixing (middleman) and another after mixing in the milk
collection centerMilk product samplegyogurt, cheese, and buttevere also cltected

from the study areasamples taken from the middlemen, milk collection centers, and
milk product shops were not linked with the source buffalo f&mmm each mixed milk
sample (bulk milk fronafarm, middleman, and milk collection center), amadit of 10

mL and 3-35g of milk product (i.e., yogurt, cheese, and milk cream)ye aseptically
collected in a5 mL and 50 mL falcon tubeespectivelyUpon arrival athelaboratory,

the samples were stored immediately on ice arACHC.
9.3.4 Questionnaie data collection

A questionnaire was developed and divided into four subsections to determine risk
factors associated witthe zoonotic bacterieelated tothe buffalo milk chain nodes.
Section A captured data at tifi@m leveland included 45 questions. Data included

information such as farmers' education lebeifffalo-rearingsystem, geographical area
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of the farm, the total number of lactatibgffalo, dry buffalo, and average milk yield per

day. Section A also collected data 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 bgarahton by the
interviewer: acellent (if no greasiness or dirt was observedidasor outside the
container), god (if no greasiness or dirt was obhszt inside the container), andqy (if
greasiness or dirt was present both inside and outside of the containers). Sections B and
C containéd 20 questions and collectinformation 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 questiorns gathelinformation on milk products, such as the nature of
milk, storage timeand the type of containers used. Qualitative assessmsantsas the
cleanliness score of the milk containers, were determined during sample collection
following subjective visual observation by the interviewer. Informationnoring

buffalo milk with cow milk was obtained by crosguestioning the middlemen or

personnel at the milk collection centers.
9.3.5 Genomic DNA extraction and purification

The samples were subjected RNA extraction in the Microbial genetics and
bioinformatics laboratory undeéhe Departmenbf Microbiology, University of Dhaka,
Bangladesh. DNA extractiomas performedising Maxwell® 16 Cell DNA Purification

Kit (Promega, UK) with the Maxwell® 16 Instrument platform (Promega, @Ke mL

of the sample was centrifuged at,060 rcf for 10 minute¢Oikonomou et al., 2014)

Then the supernatant was discarded, and the remaining pellet was used for DNA
extraction accordingtb he manuf acturer &8s | nwereelutedt i ons .
in 200  eelution buffer Promega, UK and were stored at-20 °C until further
processing DNA concentration and purity were analyzed using Nanol26p0
Spectrophotometer (Thermo Fisher Scientific, Waltham, Massachusetts, U%A) at
wavelengthof 260nm and A260/A280, respectivelyDNA samples wereonsidered
appropriate for downstreaifh the DNA concentratiorwas O 9 ng/ puL and 260/280
absorbancerais 1 . 6 t Then@he RNA.samples were delivetedheMolecular
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Pathology Laboratory Department of Veterinary and Animal Sciences (DIVAS),
Universita degli Studi di Milano (UNIMI)

9.3.6 Realtimepolymerase chain reaction

Quantitative PCR was performéallowing the MIQE guidelinegBustin et al., 2009n

a final 15 nL reactionvolumeusing the CFX 96 SystenBip-Rad Laboratories, USA

Each reactiornvolume contained 7.5uL of 2x Mix EVA Green (SsoFast EvaGreen®
Supermix, BieRad Laboratories, USA) and primers specific for target genes (Fahle

The PCR reaction wasaiedout usingthe same thermal profile for all the targets (2
min at 50°C, 3 min at 98C, and 39 cycles of 10s at 95 and 30s at 6@C). To assess
melting curves, PCR products were incubated &5for 60s then increased to 95 at

0.5°C incremats for 10sThe PCR efficiencies were determined using fiwld serial
dilutions of DNA, prepared from ATCC strains of the bacteria of intesesth asS.
aureusATCC 19048,E. coli ATCC 11229,E. coli 0O157:H7 ATCC 35150L.isteria
monocytogeneATCC 13382, Yersinia enterocolliticdSM 4780,Salmonella enterica
ATCC 13076, an€Campylobacter jejurATCC 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 theas. The results were analyzed using the
software BieRad CFX Maestro 1.0 (BiRad 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 RIPCR to identify the presence of the 9

target genes okevenzoonotic bacteria from the extracted DNA samples

Primers were selected from previbugpublished studies (Cremonesi et al., 2014;

Cremonesi et al., 2016)

Bacteria Gene Sequen8é&3 (5 Accession Amplico Primer
number n size concentratior?
Staphylococcus htrA GAAGTAATATCAGACA NC_009782 92bp 500nM
aureus AATCAAATCAGTACC
TCTTCCGGTAAAGTTA
ATGGCTTCTG

Escherichia yccT GCAGCGTGGTGGCAAA CP10315 56bp 400nM
coli A

CGTGACCACCTTGATT

GCAT
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Escherichia eae
coli O157:H7

GTAACAATGTCAGAGG
CGAGTTG

CCACCGCTTGCTTTCAG
TTTAA

AEO005174

72bp

600nM

stx1

GGATTTCGTACAACAC
TGGATGATC

GATCAACATCTTCAGCA
GTCATTACA

M16625

67bp

400nM

Stx2

ACCCCACCGGGCAGTT

CGCGCCTGATAGACAT
CAAG

X07865

59bp

500nM

Listeria inlA
monocytogenes

TAACAGACACGGTCTC
G
CAAA

TCCCTAATCTATCCGCC
TGAAG

CP013288

66bp

400nM

Yersinia yst
enterocollitica

TGGAGCATTCGGCCAA
GAA

ATTGGTGTCGATAATG
CATCACTGA

X65999

60bp

400nM

Salmonella invA
enterica

TGGAAAGGGAAAGCC
AGCTT

AATAGCGTCACCTTTG
ATAAACTTCA

M90846

68bp

500nM

Campylobacter cadF
jejuni

TGAACCAAGAGAAGG
TGCTTTGT

AAAACCAAAATGACCT
TCCAAAGAAATAGTT

FJ946061

76bp

400nM

a Appropriate primer concentration was selected based on the reproducibitityd(89) and Efficiency (> 85 %) of

the selected primers (forward and reverse) to detethtbatedgenes specific to each of the ATCC positive controls

(S. aureusATCC 19048E. coliATCC 11229E. coliO157:H7 ATCC 35150, isteria monocytogenesTCC 13932,

Yersinia enterocolliticdSM 4780,Salmonella entericATCC 13076, andCampylobacter jejurATCC 33291).

9.3.7 Statistical analysis

Data analysis was performed using (Rersion 42.2; R Foundation for Statistical

Computing, Vienna, Austrial'he presence of the zoonotic bacte8aalreusg E. coli/

E. coli O157:H7 L. monocytogenésY. enterocolliticd S. enterica C. jejuni) was a

binary outcome variable (yes or no). Tgrevalence of each pathogen was calculated for

each milk chain node, namely, bulk milk, middleman, milk collection center, and milk

productsby dividing the total number of positives by the total number of samples tested.

A chi-squared test was performénlanalyzethe difference irthe prevalence of each

pathogen between the four different milk chain nodes. For categorical variables, a

Fi sher 6s

exact t est

wa s

perfor med

t o

variable for each R'PCR positive zoootic pathogenVariableswith a P O 0.2 were

C 0 Mg
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presented with the prevalence of JRTRpositive zoonotic pathogens and

correspondingP-values.
9.4 Results
9.4.1 Descriptive statistics

Table 9.2 shows that 143 samples were collectemmprising108 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 Distribut ion of milk and milk product samples (N= 143) collected at

four different buffalo milk chain nodes in 6 districts of Bangladesh

District Farm Middleman Milk Milk product shop Total
bulk collection Yogurt Cheese Buttermilk ~ number of
milk center samples

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 liéfalo milk chain

The overallprevalence of most pathogeansnilk and milk productsvasvery high Table
9.3 shows thaE. coliwas the most prevalent (8L %) pathogen along the buffalo milk
chain nodes and had &xceptiondy high prevalence in farrbulk milk. The presence
of E. coli O157H7 virulencespecific genesuch aseaeand stx2 genes significantly
differed along the milk chain and was higher in milk products than &timelevel The
prevalenceof S. aureusncreagd over the milkvaluechain but L. monocytogeneasnd
Y. enterocoliticadecreasd over the milk chain andtared extremely highin farm bulk
milk. The prevalence ddalmonellaspp. wagelativelylow (0-2.9%), andC. jejuni was

absent along the milk value chain
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Table 9.3 Prevalence of RFPCR identified zoonotic pathogens from the milk and
milk product samples (N= 143) collected from 6 buffaleconcentrated districts of

Bangladesh

Samples collected at the milk value chain nodes @143)

Farm . . . .
, Middleman  Milk collection  Milk products a

Pathogen name bulk milk (37) center (37) (35) P

(34)

Number of psitives (%)

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. coliO157:H7eae 1(2.9) 3(8.1) 11 (29.7) 12 (34.3) 0.001
E. coliO157:H7 stx1 3(8.8) 0 (0.0) 0(0.0) 3(8.6) 0.081
E. coli 0157:H7 stx2 17 (50.0) 10 (27.0) 13 (35.1) 26 (74.3) <0.001
Listeria 22 (64.7) 16 (43.2) 2 (5.4) 5(14.3)  <0.001
monocytogenes
Yersinia
enterocolitica 27 (79.4) 0 (0.0) 7 (18.9) 1(2.9) <0.001
Salmonelleenterica 1(2.9) 0 (0.0) 5(13.5) 1(2.9) 0.04
;ﬁjﬂf’y"’ba‘”er 0(0.0) 0(0.0) 0(0.0) 0(0.0) i

2 P value was obtained from a ebfuared test by comparing each zoonotic pathogen
prevalenceamong thesamples fromfour buffalo milk chain nodegfarm bulk milk,

middleman,milk collection center, and milk prodyct

9.4.3 Factors associated witthe prevalence othezoonotic pathogesin the buffalo milk

chain

Severalvariables were associated with the prevalence of zoonatitogens in the
buffalo milk chain node¢Table9.4). Importantly bulk milk from the buffalo farmsn
theBhola districthad a higher pralence ol. monocytogeneandY. enterocoliticahan
in the other districtsThe prevalence d&. coli O157:H7was highein freeranging (62
%) thanin the intensive (236) buffalo-rearingsystem At the middleman level, milk
containers that were dried using cloth had a higher prevatéceoli O157:H7 Plastic
milk containers had a higher prevalence Sf aureusand E. coli O157:H7at the
middleman or milk collection center&t the milk collection center leve§.entericaand
Y. enterocoliticahad a higher prevalence in buffadow mixed milk than pure buffalo
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milk. In the milk productsthe prevalence oE. coli O157:H7 ea&vas higher in cream

and yogurt than the cheese.

Table 9.4 Univariable associationbetween variables associated with the

prevalence of zoonotic pathogend(< 0.20) on143 samples collecteérom four

milk chain nodes (farm, middleman, milk collection center,and milk product

shop) insix buffalo concentrated districts of Bangladesh

Milk value S. aureus E. coli E.coliO157:H7 Y. enterocolitica
chain Variables Categories N  Positiv pb Positive p Positiv p Positive =
e (%)° (%) e (%) (%)
11 3 11
Late autumn 11 (100.0) 0.12 (27.3) 0.14 (100.0) 0.01
. 19 12 15
Season Spring 19 (100.0) (63.2) (78.9)
i 3
Winter 4 3 (75.0) (75.0) 1 (25.0)
. 6
Noakhali 11 (54.5) <0.01 9(81.8) 0.02
5 5
Bhola 5 (100.0) (100.0)
. 3
o Maulvibazar 4 (75.0) 1(25.0)
District
Mymensingh 4 3 4
y 9 (75.0) (100.0)
6
Jamalpur 6 0 (0.0) (100.0)
. . 1
Rajshahi 4 (0.25) 2 (50.0)
16
Freerange 26 0.11
. (61.5)
Rearing system >
. Intensive 8 (25.0)
Bulk milk - -
_ Milk container  Once 29
(n=34) !
cleaning
frequency per  Twice 4
day
Do they dry the 25
milk containers Yes 30 (83.3) 0.18
upside down?  No 4 2 (50.0)
Keep bulk milk ~ Yes 30 (601(*)3) 0.08
containers open NO 3 0(0.0)
Sieving the bulk _Yes 2
milk No 32
9
Mi | ker s ¢ 0 9 (1000) 918
hygiene 18
Poor 25 (72.0)
Previous history 31
of clinical ves 31 (100.0) 909
mastitis inthe
last 12 months No 3 2(66.7)
Mixing CM 23
milk in the bulk ' &> 21 @52 013
milk No 7 4 (57.1)
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Noakhali 20 19 (0.0) 0.01
Bhola 5 4 (80.0)
Maulvibazar 4 3 (75.0)
District . 3
Mymensingh 3 (100.0)
Jamalpur 4 1(25.0)
Rajshahi 1 0 (0.0)
Late autumn 7 4 (57.1) 0.06
Spring 6 4 (66.7)
Season 19
Summer 20
Middleman (95.0)
(n=37) Winter 4 3 (75.0)
Type of Aluminum 13 4(30.8) 0.05
container Plastic 23 1(4.3)
Farmer or 12
middleman ~ 1° 66.7) 09°
Type of trader
Wholesalers 16 15
(93.8)
How the Sundry 15 (931,; 017 1(6.7) 001
container s “gighor o T 5
tissue (68.8) (56.3)
Farmer or 20
Type of trader _middleman
Wholesalers 17
Buffalo milk 25 1(4.0) <0.01
Milk _ Nature of milk Bl_Jffan—c_ow 11 6 (54.5)
collection mixed milk
center . 4
(n=237) Aluminum 14 (28.6) 0.17
Type of . 10
container Plastic 18 (55.6)
. 3
Tin 4 (75.0)
Yogurt 26
Milk gﬁf’fu?{s Cheese !
roduct sho Cream 2
E’n X 35) P Tvoe of Earthen 10 2(20.0) 0.04
C})’rﬁ’tamer 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 &saureusE. coli, pathogenicE. coli

0157:H7 strains encoded by three selected genes sucleass.stx], and stx2, L.

monocytogenesy. enterocollitica S. entericaandC. jejuniin buffalo milk chain in

Bangladesh. The prevalencekafcoliwas high (8197 %) along the buffalo milk chains

in our gudy, but it wassignificantly high (97%) in farm bulk milk. A prior study in

Vietnam showed a high prevalencebofcoli (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 samplistam et al., 2008)Several
investigations in dairy cows demonstrated that the prevalencé&. otoli was
comparatively lower in bulk milk (234 %) thanin the milk collection centers (3%)
and traditional cheese prepared from raw milk ¥80(Awadallah et al., 2016; Disassa
et al., 2017; Ranjbar et al., 2018; Liu et al., 20Bigwever, no previous study has been

conducted to explore the prevalenc&otoliin milk along the buffalo milk value chain.

Escherichiacoli contamination in buffalo farmsay resulfrom fecal contaminatiom
bulk milk (Coroian et al., 2010; Desmarchelier and Fegan, 2@6xoli can also
contaminate the milk through infected food handlers pragtice poor personal hygiene
or by watercontaining human dischargéShye et al., 2004)Earlier studies in dairy

cows showed that a high prevalencekofcoli in milk was also associateslith 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.12pD These factors can also be linked to our
study situationwhere most of the buffalo farms were locatetdthe islandswhere it
took a long time (4) hours toreach the milk collection centers. Final§1 % of the
farmers kept open during hamdlking, andmilk hygiene was poge.g, 76% of milkers

did not use any antiseptics or wash their hands bémdmilking, and about 826 of
the farmers mixed the CM milk samples in the bulk taftke coldchain was not
maintained, and hygiene was poduring 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 Eheoli contamination irBangladesh's buffalo

milk value chain

In this study STECE. coli virulent genes suchseaeA stx1, andstx2increaseaverthe
buffalo milk chain, especiallgince thegrevalence o$tx2was highin farms (50%) and
milk products (74%). Prevalence o$tx2 excee@d the studiesnwater buffalo in Italy
(1 %) andVietnam (30%) (Borriello et al., 2012; Liu et al., 202IJhe prevalencef
stxlandeaeA(5-11 %) at buffalo farms in these studiessconsistent with our findings
However a Bangladeshi studseported a higher prevalence (83 of stx1or stx2in
water buffalo(lslam et al., 2008)These studies used fecesectal swabs, not buffalo
milk. Previousstudies indairy cows demonstrated that thesgulent genes vaed from
bulk milk to milk filters In bulk milk, eaeA(5-18 %), stx1 (6-9 %), andstx2(5-8 %)

were detecteavith a lower prevalengevhereasvas inceasedn milk filter, eaeA(64
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%), stx1 (46 %), andstx2 (27 %) (Sonnier et al., 2018)A recent Bangladeshi study
demonstrated a higher prevalenceisfl, stx2 andeae(40-57 %) in cattle poultry, and
human diarrhegbatients(Parvej et al., 2020However,it is not known if transmission
occurred between livestock and humiara free-range system buffalo, cattle, sheep, and
sometimeghicken and ducére reared ithesame farm area where buffalo farm workers
mainly live clos¢y within the farm boundaryTherefore, in thduffalo-rearingsystem

there could be a risk adhe spread of these virulence genes in close interaction between
human and livestock specid2evious studiesn dairy cows show that ugg plastic
made milk ontainers and milk handling at the middleman were associated with a higher
prevalence ofE. coli O157:H7 (Disassa et al., 20L7)Poor hygiene duringhe
transportation and processing of raw buffalo milk by the middleman, milk collection
center, and milk produsthopsmay contaminate thenilk with E. colivirulence genes in
thebuffalo milk chain.However, further studies are needed to identify the trassmis
routes to establish effective control measures for pathogEnicoli O157:H7

contamination in the buffalo milk value chain.

The prevalencef S. aureusn our study ranged between3d % increasing over the
buffalo milk value chain in our study. A ¢rious study in Ethiopia showed that the
prevalence of. aureusvas 16% in buffalo bulk milk which is higher thathis study
(Mansour et al., 2017)The increasing trend &. aureuss not comparable since no
previous study reportetthe prevalence o8. aureusn the buffalo milk chain other than

bulk milk. In dairy cows, previous studies show ttiet prevalence ofS. aureusvas

higher in cheese (380 %) thanin bulk milk (13-25 %) (Alghizzi and Shami, 2021;
Lemma et al., 2021)'he presence d. aureusn raw milk might be due to clinical or
subclinical mastitis or during unhygienic handling anitk processing. ltnaythreaten
potential public health hazasfor humangPyzGu k a s i k e Previus stydie? 0 1 5)
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. aureusn bulk milk (Borena et al., 2023A high stocking density was
observed in the buffalo farntie to inadequate lapdnd the farms were very closely
located to each othewhich could increaséne chances for transmission 8f aureus

within herds.

The prevalencef L. monocytogeneandY. enterocolitia washigh in the buffalo farms

but was lower in later milk value chains. Previous studies in dairy cows demonstrated
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thatthe prevalence otisteria monocytogenes was higher in raw bulk milk 4®9%),
which was higher than in traditional milk products suctyagurt (5%), butter (1%),
cheese (860) (Seyoum et al., 2015; AkranMiohajeri et al., 2018 However, no previous
study reported the prevalence disteria spp. in water buffalo. Similarly,Y.
enterocoliti@ was also found as prevalent in bulk milk from dairy c§8%46 %) and
water buffalo (28%6) but was low in milk product®.g, commercial or traditional cheese
(0-12%) and yogurt (@) (Rahimi et al., 2014Darwish et al., 2015} isteriais known

as widely distributed in natural environmegstich as soil and may survive in broader
temperaturerangingfrom 0-45°C (Liu et al., 2005) A previous study reported a high
prevalence ok. monocytogeng20 %) in dairy silos (Waak et al., 2002)Another study
corroboragd that poosilage qualityand poor animal cleanliness were mainly associated
with the exogenous contaminationlofmonocytogenas 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
monocytogees at the farm bulk milk.Yersinia enterocoliti@ was associated with a
higher prevalence ithe Autumn season in Iran. During autumn, the temperature is
neither low nor high, which could provide a better growth requirement fgr
enterocolitica (Darwish et al., 2015)However, a previous study reported that
monocytogeneandY. enterocolitia did not grow at a low pH (< 4.5) and temperature
ranging from 5-19 °C (Bhaduri et al., 1995)Processing of traditional buffalo milk
products probdi increases the acidity of the milk products which alternatively may
reduce the contamination hy monocytogeneandY. enterocolitia in buffalo milk
(Rahimi et al., 2014; Darwish et al., 2015 reduce the prevalence at the bulk milk
pasteurization of the milk mayelp reduce the contamination bymonocytogenesnd

Y. enterocolitia in Bangladesh.

Salmonella entericavas hardly found (2.9 %), andC. jejuniwas absent in all the
buffalo milk value chain sampledrevious studies in Ethiopia demonstrated the
prevalence ofSalmonellaspp varied between 120 % in bulk milk and milk collection
centers (2246) in dairy cowgGeletu et al., 2022)vhich was higher than the prevalence
(0-4 %) in buffalo milk in Brazil and IndigGodinho et al., 2020; Khan et &022) For
optimum growth in milk,Salmonellarequires 3537 °C (El-Gazzar and Main, 1992)
Therefore, the higher prevalenoé Salmonellais probably related to a high ambient

temperature in Ethiopia (rangifigpm 17 to 37°C) which is much lower in Bangladesh
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(1828 °C) (CCKP, 2021a, b)Prevalence o€. jejuni was mainly reported from bulk
milk in dairy cows rangingrom 3.1 to 20% in different countries such as., Italy,
Tanzania, and Egyg6erraino et al., 2013; HAamkan and Hameed, 2016; Kashoma et
al., 2016) However studiesonwaterbuffalo ardimited excepfor Serrairo et al. (2013)
who reportedhe absence o€. jejuniin water buffalo farms in Italy. Our findings may
suggest that raw milk and milk production frahe water buffalo milk chain were safe

from contamination bysalmonella entericandC. jejuniin Bangladesh

In our study, we founthedistrict was a risk factpand the bulk milk samples collected
from theBhola district had a high prevalencekafcoli O157H7, Y. enterocolitica, and
Listeria monocytogeneB0-100 %). The districtwas linked with thebuffalo-rearing
system For examplethe Bhola district had onlya free-ranging systemwith a higher
prevalence okE. coli O157:H7than the intensive systerihis makes sense because
grazing is the mainstay of freangefarmswheremilk canbe contaminateaith soil

and dirt during handling.Because of inadequate hygiene procedures during milk
handling andnsufficient transport facilities remote areas, longer transit durations were
necessary, which may have contributethtweased bacterial contamination in the Bhola
district

Milk container material and drying method was fouwadbe arisk factor for the
contamination byE. coli O157H7 and S. aureusat the middleman and milk product
shops.Plastiemade containers had &gher prevalence dt. coli O157H7 eaeandS.
aureus Plastic milk containers amore complicatetb clean than glass or stainlessel
ones, and spoilt milk from the day before can readily contamivdte pathogenic
microorganismgDisassa et al., 2017he useof cloth was more often relatéaa higher
prevalence ot. coli O157H7 than sun dying the containerThe cloths used to clean
and wipe the containers were unclean aodasionallyused by the staff for their own

usage, so they couttbntaminate millduringshipment if overused.
9.6 Conclusions

The prevalence of STEE. coli O157:H7andS. aureuspotential human pathogenic
organisms, increased alorige buffalo milk value chainin BangladeshOn-farms,
however,Y. enterocoliticaand L. monocytogess were the most commoiRathogenic
bacteria in nik can be reduced by replacing plastic milk containers with glass or stainless
steel and not usingdirty cloth to clean then®ur findings indicat@umerous pathogenic
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zoonotic bacteriacirculating throughoutthe buffalo milk value chain posing an
emepging risk to public health safety and necessitatidgntifying 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 buf§alolying

1) the prevalence and risk factors of SCM and-@dlsing 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 theditheir 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.

10.1Main findings of the thesis
10.1.1 Water buffalo dder health

In previous studies, #hrisk 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 thighh prevalence of animal arguarter

level SCM, with the owerall mean BMSCC being satisfactory. A higher prevalence of
SCM and BMSCC was observed in intensive farms than irrfrege or semintensive

farms. Funnekhaped teats and asymmetrical udders were associated with a high
prevalence of SCM (Chapter 6). Naareus 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 differencdetween 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 differdmiffalo-rearing systemsTherefore,
similar control measuremight notbe equally effectiveA progressivelBC, TNAS, and
TEC increase was observeder the milk value chairAt thefarmlevel, higherbacterial
contaminationoccurred incoastalareasthan in river basin areas and when the milk
container was cleaned using pond or river water rather thaswtelbe/ater.Mixing cow

milk with buffalo at the middleman leveicreasedacterial contaminatio(Chapter 8).
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The overall prevalence of mogbonoticpathogens in milk and milk productsasvery

high. The pevalence of STEE. coli O157:H7andS. aureusncreased over the milk
value chainOn-farms, Y. enterocoliticaandL. monocytogengere the masprevalent
pathogensUsing 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).
10.2Importance of the findings
10.2.1 Water buffalo udder health

It is known that udder health ¢hallengingin dairy farmsas it reducesilk production

and affects milk products' overall technological tré@sbbo 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 costassociated with treatment and replacement of productive animals,
and creating a risk for public health througkdissemination of antimicrobial resistance
(Neculatvaleanu and Ariton, 2022; Ferchiou et al., 2023; Prack McCormick et al.,
2023) To make an accurate decision, it is crucial to ensure that the mammargigand
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 ineffectiviZigo et al., 2021; Zapat8alas 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 demaostrated several risk factors for SCM and IMI in water buffalo
(Chapters &7), which could provide a sound basis for interventitnsnproveudder
health in water buffalo in Bangladesh.

10.2.2 Milk quality

Milk quality can be assessed through nutritional contfpsisomatic cell count (SCC),
and microbial contamination. Buffalo mil
nutritional value. Particularly buffalo milk possesses higher levels of fat, lactose,
proteins, and vitamins, including vitamins A a@d Buffalo milk fat is lesstableand

has larger fat globules and more saturated milk fatty acids. The protein in Buffalo milk

has larger casein micelles and is enriched with minédtld El-Salam and EBhibiny,
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2011) Previous studies have demonstrated that-Bigle milk affects the organoleptic
grade of yogurt, coagulation, eye productiand ripening incheesemaking(Li et al.,
2014; Moradi et al., 2021 onsumption of raw buffalo milk is becoming more popular
among consumers because raw milk is typically thought to berisupn organoleptic
properties of milk such as greater taste and flavor, which many feel may be reduced in
pasteurized or boiling milkMilk consumption may contribute to public health risks
when milk is consumed in the form of raw milkainly if the mik contains potential
pathogenic microorganisms for humawgebe et al., 2020)Several outbreaks have
been reported caused by consuming raw nflerraes et al., 2015)Therefore,
identification of the risk factors and effective control and prevention meaauvees
necessary to prevent zoonotic pathogens from contaminatirgutfado milk chain in
BangladeshTo meet this need, several possible interventions within the buffalo milk
chain may be considered based on our study findings (Chapte®)@p8mprove the
BMSCC and reduce the bacterial contamination in milk, whichinfayence 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 tdesign dols to advise buffalo farmeos improvingproductivity and

milk quality through better feeding, milking and hygiene, animal health peseting
(Hayashi et al.,, 2014; Vyas et al.,, 2020)jhese tools should suppofarmers'
implementation of evidenedeased practicDerks et al., 2014Based on ousuggested
interventions, the buffalo milk value chain could be designed with diagnostic tests,
quality control, and incentive programs to enhance product quality and consumer
satisfaction anehcrease the market for buffamoilk in Bangladesh

10.3.2 Designing thenterventions

We identifiedseveralproblems at the primary productitevel on farms, mainly related

to thelack of knowledge farmeisadof buffalo husbandry and healtfiheissuesat the
level of the milk chain organizationererelated primarily tdong and poorly managed
transport chains and poquality control at milk collection centers and retail. Altogether,
these problems lead to low milk yield per animadl @ lack of enthusiasfrom farmers

to shift from cow to buffalo production. To solvgese problems, there is a need for (1)
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education othefarmers, (2) better organization of the milk chand (3) better buffalo
geneticsIf addressed together, we expéciffalo production tamprovesubstantially
regardingmilk yield per animalthe rumberof animals and farmsand 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 plessiy to achieve these
transformational changes I%Reflexive interactive desigri. 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, farmédéemen, and
finally, the consumergRomera et al., 2020)it also needs to assess the farmers'
perceptions towards the interventions to attain the-bestig of humans and animals and

to reconnect the new system with the rest of society. The-saltiral and politice
economical structure which leads to tfemers' decisions can be studiading a
perception studies approach, suckthmographic fieldworkndframe analysigJackson

et al., 2022; Ida et al., 202Finally, the interventions may be applied and assessed for
successful improvements, which can then be introduced into pokgéyng to support

farmersdé upt aénéarms.f t he practices
10.4 Limitation s of the study
10.4.1 Generalizability of the findings

Some results for the prevalence of SCM, IMI, and BMSCC could be less sigeftl;
whereas others will be useful. For example, a-fegge system mayot be sustainable

due to the limited availability of fallow pastureland, while seéménsive systems can
extend further. However, these effects on the generalizability of this study's conclusion
are probably limited because the maximum number of buffatos was included from
different buffalerearing systems in Bangladesh, representing the actual buffalo

population contributing to milk production in the country.

10.4.1.1Smallsample sizand reliability of diagnostic tests of zoonotic pathogens

The sample sizéor 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 pathdgemBangladesh's water buffalo

milk chain Some hypothesesn the most critical factors associated with zoonotic
pathogen contaminations were generafddo, 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 biosafstyred
laboratory facilities to culture zoonotic pathogens in buftalacentrated areas.
Therefore, PCR would probably be a more convenient and rapid process to use as a
diagnostic testor identifying zoonotic pathogens from buffalo milk and milk products.

10.5Significance of the studyfrom the broader perspectives
10.5.1 Historical perspectives

Milk is an energy and nutrierstense food that can help prevent starvation, malnutrition
and stuntingMilk is a biological fluid that is more accessitbhan any othesource of
nutrientsin developing counies(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, uminantproduction is encouraged in response
to their capality of transforming lowquality feed into milk.However, cattle have
already been exploited in the countiiyrough crossbreeding and integsify the
intensive system; therefore, further improvemeotld create a greater demandfieed
resources. On the other handffalo have beeran importantivestock speciesm Asia
foralongtime (Samad, 2020)and buffalo milk production can be exploitedntributing

sufficiently to meeting the curremilk deficit to ensure food security.
10.5.2 Climate change

Continuous climate change strongly affects-lgimg Bangladesh, making the country

l ess fit for dairy cattle production and
security. Mitigating actions are therefore urgently needed. Due to the resilience of water
buffalo to high salt concentrations, the waiaffalo is one of the best livestock species

for coping with the new situation resulting from climate chafi§amad, 2020)
However, we should also rethink increasing the livestock populationgtakiesson

from many developed countriéisatare now trying to reduce the detrimental effect of
livestock on climate chand8ennetzen et al., 20168Dther alternative food sources are

also rising in global interest, including plavdsed milk, vegan meals, and laboratory
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grown food relacing animalderived food Fresan and Sabaté, 2019; Goma and Phillips,
2021; Tong et al., 2022However, 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 clirate e.g, enteric methane emissi@hebede et al., 2014; Carlson et al.,
2023)

10.5.3 Problemsotherthanudder 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, audtional deficienges
remainedsignificant problems for water buffalo healtfKumar, 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;atkeyieed future
researcl{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: Reviewof literature highlighting thepotentialfor water buffalo population

and milk productiorand current knowledgay scrutinizingthe 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 metanalysis.

A systematic revievand meteaanalysiswere performed to determinthe quarter level
pooled prevalence SCM in water buffalo, the distribution of pathogens causivig,

and associations between hemhimal, and quarteelated risk factors andhe
prevalence of SCMPublications on SCM in water buffalo were retrieved from four
electronic databases (PubMed, Scopus, EmlzasEWeb of Science). A total of 53
publicationswere deemed eligible for the study, providing data on 8,958 buffalo and
34,125 quartersThe pooledprevalence of SCM was Zb (95 % Cl 16-26 %) at the
guarter level S.aureuswas the most frequently reported bacterial species causing IMI
(23%; 95 %Cl 14-33 %), followed byE. 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 sdiased flooringthe absence of dry cow therapyyoung

age, early lactation stage, and betfeped teats are associated with incre&em
prevalence. However, risk factors for SCM in water buffalo mmnarily unknown,
indicating a need for further studidis systematic review and medaalysis revealed
that SCM is asignificant disease affecting the water buffalo population worldwithis
suggestsa need for widescale implementation of management practices based on
scientific evidence to achieaelequag disease control. Howeveridliield has a sizeable
global knowledge gapas the risk factors for SCM in water buffalo arainy 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 indbeaesh’'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 SCGd the quarter milk sampgleusing CMT. The
occurrence of SCM calculated at the quarter and animal levels was 42.5 % and 81.6 %,
respectively. Milk samples from 108 CMdJositive quarters in 48 animals and 38
randomly selected CMegative quarters in 24 animals were investigatedgusi
bacteriological culture. Estimated mean bulk milk SCC was 195,000 cells pef mL
milk. The estimatedjuarter levelntramammary infection (IMI) on culture was 4@/}

The identity of isolated bacteria was confirmed using MAOMF mass spectrometry.
Non-aureus staphylococevere 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 fubclinical mastitis in water buffal@(balis
bubalig in Bangladesh.

A nationwidecrosssectional study was carried ctt estimate the prevalence and the
associatedisk factorsof SCM in water buffalo. The study represenfeet rearing
systems: fregange, semfreerange, household, senmtensive, and intensive,
providing 3,491 functional quartefilom 880 lactating buffalo on 248 farms. TGMT
score was used to identify SCM. Bulk milk samples (n = 242) were uséarfiolevel
BMSCC. Quarter and ialo-level risk factors for SCM were measured using
guestionnaires and observatiofke overall SCM prevalence was hjgl 27.9% at the
guarterevel and 51.96 atthebuffalolevel. The geometric mean BMSCC was 217,000
cells per mL of milk, which is bw on average, but some farms could improve
substantially. Théuffalo-rearingsystem, udder location (left versus right), teat shape,
udder asymmetry, number of milkers, ameksence oh quarantine facility werall
associated with buffalo udder health. Our findings suggest that mainly usifgige
rearing systems may help dease the prevalence of SClvhis would also bsupported

by improving buffalo breeding and better farm biosecuritydder health control
strategies can be designed based on our finddgsfindings indicate that the education
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of farmers regarding milkop technique, hygiene, and rearing system may help further

improve udder health on buffalo farms in Bangladesh.

Chapter 7. Pathogen grouppecific risk factors for intramammary infection in water
buffalo.

A crosssectional study was conductéal estimate te prevalence ofMI-associated
bacteria anddentify risk factorsfor pathogen grougpecific IMI in water buffalo in
BangladeshBacteriological cultures were performed on 1,374 quarter milk samples
collected from 763 water buffalo in 244 buffalo farmsine districts in Bangladesh. A
total of 618 quarters of samples were culture positive.-dorusstaphylococci were

the predominant IMhbssociated bacteria, arffl. chromogenesS. hyicus and S.
epidermidisvere the most common speci&be proportion bNon-aureus staphylococci

or Mammalliococcuspp. (NASM),S. aureusand 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 odtil &fom any pathogen

and NASM were higher in buffalo herdsth poor milking hygiene. Poor cleanliness of
the hind quarters had a higher likelihood of IMI caused by any pathogen, NASI8, and
aureus Farm managemeimelated risk factors were the frequency of milking and buffalo
source.Twice daily milking and fans 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 IMAused byS.aureus Poor BCS showed higher
odds of IMI from any pathogen and NASM. This study shows that the prevalence of IMI
in waterbuffalo is high. Still, variables between farms and our data suggest that SCM
can be partly controlled through betterniamanagement, primarily by improving
hygiene, milking management, breeding, and nutriti&averal udder health problems
related to IMI in water buffalo have been identified in this study. Our data suggest that
IMI can be partly managedhrough better fam management, including milking
technique, hygiene, and breeding, which can be tosgelsignvater buffalo udder health

control strategies.

Chapter 8: Water buffalo milk chain and associated factors affecting bulk milk somatic
cell count and bacterial cots in Bangladesh.
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This study aims to describe the milk hygiene parameterschaith characteristics of
unpasteurized raw milk sold to consumrgmprove milk hygiene. A quantitative study
design evaluated somatic cell counts, total bacterial countspeaatfic grarnegative
(Enterobacteria) and grapositive (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 atadha fevel, 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 antebal counts, including
potential pathogens, occurred along the milk chain. A seasonal increase in spring was
found, varying based othe farming system (semntensive versus intensive). Other
factors included water purity and cleanliness of contajnerami xi ng buf f al o
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 quefitvater buffalo milk in

the study area.

Chapter 9: The prevalence of foodborne zoonotic pathogens in milk and milk products

alongBangladesh's buffalo milk value chain

This study aimed to estimatie 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 feittyee samples were collected from farm bulk milk
(n=34), middlenen (n =37), milk collection center(n = 37), and milk product shops
(n = 35). They were analyzed using RPCR to estimatethe prevalence of seven
important zoonotic pathogers:aureus E. coli, Shiga toxirproducinge. coliO157:H7,

C. jejuni L. monocytogene$.entericg andY. enterocoliticaEscherichia colwas the
mostprevalent pathogen along the milk chain noddse prevalence of the pathogens
was high along the buffalo milk value chalf. coli O157:H7classical enterotoxin
encoded gende.g, thestx2genotypé were most prevalem milk products compared

to eatier in the milk value chairf74 %). L. monocytogeneandY. enterocoliticavere
more prevalent in the farms (@® %) thanm the later milkvalue chainnodes The
prevalence 0%.entericawasrelatively low (32.9 %)in all the milk chain nodesnd all

the samples were negative fQ. jejuni. These results suggest thauffalo milk

consumers in Bangladesh are at risk flonmonocytogeneandY. enterocolitican the
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farms anckE. coli O157:H7with a stx2genotype athe milk product shopsS. enterica
andC. jejuni are not frequent contaminarit the buffalo milk chainin Bangladesh.
Avoiding plasticmade containers and dirty clothes used for cleaning milk containers
may help reduce contamination in the buffalo mré#ue 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:

1 The pevalenceof SCMwas high (animab2 % and quarte8 %), with freerange
or semiintensive buffalerearingsystens associated with lesSCM compared to
intensive systems. The prevalence SIEM can partly be controlled through a
breeding progranfocusingon improving teashape and udder symmetry (Chapters
5 and 6).

1 Overall BMSCC was satisfactoryout there was aignificant variation between
farms; therefore, there isom for improvemen{Chapter 6).

1 The pevalence of IMIwas hgh, with NASM as the most common bacteria.
Improvedmilking hygiene and cleanliness of the hind quasterd help reduce IMI
(Chapter 7).

1 Milk handling operations are diverse in different rearing systemd one control
measure may not fdll systems (Chapter 8).

1 A progressive increase in TBQié& TEC was seen in the milk value chaietter
managementn farms, such as usintubewell water to clean milk containgrand
better milk handling athe middlemanstage, such as milk transportation with a
cooling facility and cleaning of milk containers, could reduce bacterial contamination
(Chapter 8).

1 The overall prevalence of most pathogens in milk and milk produetsvery high.
Improvedmilk handling at milkcollection centes and shops should be promoted,
and using theame clotto clean the contain@ndusingplastic milk containerfor

carrying milkshould be avoide@Chapter 9).
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FURTHER RESEARCH OPPORTUNITIES

This thesis work aims to explore the oppoities foran increasén water buffalo milk
production by improving udder health and improvement of milk quality. This could help
develop a safe, sustainable, resilient, and pgedfie water buffalo milk chain in
BangladeshHowever, now the evidendsasd advicemust be implementedy the
farmefrs education and qualitative and quantitative estimation of effectivengssctice

in the next step. Scopes for future studies remain open to iRfpE=icipatory approach
where together with farmers andet key actors along the milk cha{) identify key
factors that currently limit improvements to animal health and milk quality ibufialo-
rearingand milk value chain and (2) jointly agree on ways to address these factors.
Subsequently this will together evaluate the tested strategies for addressing the
challengesFigure 12.1 shows that interventions directed at the farmers should lead to
changes in farmerdehavior and better animal health, leading to better milk quality.
Interventionat the milkchain level should lead to better milk chain quality, product

quality, andconsumer satisfaction.

Farmers behaviour

Milk quality %"
'..

I\/Illk:f:al.n-quallty
Animal health 9
<4
. .' Product quality
EEEB
\ KIIVe
yokok
¥k

Consumer
satisfaction

Fig. 12.1 Outline of the two interventions, intervention 1 being farmerseducation
and intervention 2 being the redesign of the milk chain

174



REFERENCES

Abd-Elrahman AH 2013: Mastitis in housed dairy buffalo: incidence, etiology, clinical
finding, antimicrobial sensitivity and different medical treatment ag&nsoli
mastitis.Life Science Journd0532538.

Abd Al-Galil A, Khalil A 2016: Ultrasonographic diagnosis of subclinical mastitis in
buffalo Bubalus bubalis Research Opinions in Animal and Veterinary Sciences
6 261-267.http://dx.doi.org/10.20490/ROAVS/1644.

Abd EIlSalam MH, EIShibiny S 2011: A comprehensive review on the composition and
properties of buffalo milk.Dairy Science and Technolog9l 663-699.
http://dx.doi.org/10.1007/s13591.1-0029-2.

Abebe E, Gugsa G, Ahmed M 2020: Review on major floomche zoonotic bacterial
pathogens. Journal of Tropical Medicine 2020 4674235.
http://dx.doi.org/10.1155/2020/4674235

Abu-seida A, Kotb E, Fadel M 2014: The correlation between ultrasonographic and
laboratory findings of mastitis in buffal@@balus Bubalis Global Veterinaria
1368-74. http://dx.doi.org/10.5829/idosi.gv.2014.13.01.84171

Addis M, Sisay D 2015: A review on major food borne bacterial illneskesnal of
Tropical Disease and Public Healghl-7.

Addis MF, Maffioli EM, Penati M, Albertini M, Bronzo V, Piccinini R, Tangorra F,
Tedeschi G, Cappelli G, Di Vuolo G, Vecchio D, De Carlo E, Ceciliani F 2022:
Peptidomic changes in the milk of water buffalBubalus bubalis with
intramammary irgction by noraureus staphylococciScientific Reportsl2
8371.http://dx.doi.org/10.1038/s4159802-12297z.

Addis MF, Tanca A, Uzzau S, Oikonomou G, Bicalho RC, Moroni P 2016: The bovine
milk microbiota: insights and perspectives from omics studMslecular
Biosystemd 2 23532372.http://dx.doi.org/10.1039/c6mb00217]

Adesogan AT, Dahl GE 2020: MILK Symposium Introduction: Dairy production
developing countries. Journal of Dairy Science 103 96779680.
http://dx.doi.org/10.3168/jds.2021B8313

Adkins PRF, Middleton JR, Fox LK, Pighetti G, Peters¥dolfe C 2017a: Somatic cell
count: Laboratory handbook on bovine mastit®® Edition. National Mastitis
Council, New Prague, MN 56071 USA.-88.

Adkins PRF, Middleton JR, Fox LK, Pighetti G, Peters®¥dolfe C 2017b: Diagnostic
equipment and materialsaboratory Handbook on Bovine MassitP™ Edition.
National Mastitis Council, New Prague, MN 56071 USA.2B3

Adkins PRF, Middleton JR, Fox LK, Pighetti G, Peters¥dolfe C 2017c: Sample
collection and handling:aboratory handbook on bovine mastit®8® Edition.
National Mastitis CountiNew Prague, MN 56071 USA-12.

Ahmad M, Bhatti JA, Abdullah M, Ullah R, Ul Ain Q, Hasni MS, Mahboob A, Rashid
A, Qaisar I, Rashid G, Uddin R 2019: Different ambient management
intervention techniques and their effect on milk production and physiologica
parameters of lactating NiliRavi buffalo during hot dry summer of subtropical
region. Tropical Animal Health and Production 51 911-918.
http://dx.doi.org/10.1007/s112811817745.

175


http://dx.doi.org/10.20490/ROAVS/16-044
http://dx.doi.org/10.1007/s13594-011-0029-2
http://dx.doi.org/10.1155/2020/4674235
http://dx.doi.org/10.5829/idosi.gv.2014.13.01.84171
http://dx.doi.org/10.1038/s41598-022-12297-z
http://dx.doi.org/10.1039/c6mb00217j
http://dx.doi.org/10.3168/jds.2020-18313
http://dx.doi.org/10.1007/s11250-018-1774-5

Ahmad R 2001Studies on mastitis among dairy buffaRakistan Veterinary Journal
21220-221.

Ahmed H, Straubinger R, Hegazy Y, Ibrahim S 2018: Subclinical mastitis in dairy cattle
and buffalo among small holders in Egypt: Prevalence and evidence of virulence
of Esclerichia colicausative agentropical Biomedicine5 321-329.

Akrami-Mohajeri F, Derakhshan Z, Ferrante M, Hamidiyan N, Soleymani M, Conti GO,
Tafti RD 2018: The prevalence and antimicrobial resistantestdriaspp in raw
milk and traditional dairy products delivered in Yazd, central Iran (20A®)d
and Chemical Toxicology 114 141-144.
http://dx.doi.org/10.1016/j.fct.2018.02.006

Al-Rudha AM, Khalil NK, Altaai NA 2021: Evaluation of bacterial contaminants and
heavy metals in cow and buffalo raw milk seidBBaghdad governorateaqi
Journal of Veterinary Scienc@$ 101-105.
http://dx.doi.org/10.33899/ijvs.2021.131744.1999

AL-Saadi BQH, A:Shakh MAA 2015: Some physiological factors inflaersomatic
cell counts and milk contents associated with mastitis in Iragi buffsitwrld
Journal of Pharmaceutical Researdl214-224.

Aldujaily A, Al-Alo K, Mohmoud M 2019: Hematology, bacteriology and antibiotic
resistance in milk of water buffalo witubclinical mastitisVeterinary Research
231-8.

Alexander KA, Carlson CJ, Lewis BL, Getz WM, Marathe MV, Eubank SG, Sanderson
CE, Blackburn JK 2018: The ecology of pathogen spillover and disease
emergence at the humarnldlife-environment interfaceThe Connections
Between Ecology and Infectious DiseaSpringer International Publishing,
Gewerbestrasse 11, 6330 Cham, Switzerland.

Algammal AM, Enany ME, ElTarabili RM, Ghobashy MO, Helmy YA 2020:
Prevalence, antimicrobial resistance profiles, viruleraxgd enterotoxin
determinant genes of MRSA isolated from subclinical bovine mastitis samples in
Egypt.Pathogen® 362.

Alghizzi M, Shami A 2021: The prevalence $faphylococcus aurewsnd methicillin
resistantStaphylococcus aureua milk and dairy prducts in Riyadh, Saudi
Arabia. Saudi Journal of Biological Sciences28 70987104.
http://dx.doi.org/10.1016/}.sjbs.2021.08.004

Alhussien MN, Dang AK 2018: Milk somatic cells, factors influencthgir release,
future prospects, and practical utility in dairy animals: An overviésterinary
World 11562-577.http://dx.doi.org/10.14202/vetworld.2018.5627.

Ali M, Ahmad M, Muhammad, Anjum A 2011: Prevalence of sub clinical mastitis in
dairy buffalo of Punjab, Pakista®ournal of Animal and Plant Scienc2$477-
480.

Ali T, Rahman A, Qureshi MS, Hussain MT, Khan MS, Uddin S, Igbal M, Han B 2014:
Effect of management practices amtimal age on incidence of mastitis in Nili
Ravi buffalo. Tropical Animal Health and Productiom6 12791285.
http://dx.doi.org/10.1007/s1125114-06412.

176


http://dx.doi.org/10.1016/j.fct.2018.02.006
http://dx.doi.org/10.33899/ijvs.2021.131744.1999
http://dx.doi.org/10.1016/j.sjbs.2021.08.004
http://dx.doi.org/10.14202/vetworld.2018.562-577
http://dx.doi.org/10.1007/s11250-014-0641-2

Aliul H, Paul A, Mahmood R, Mizanur R, Ahed S 2021: Investigation of prevalence
and risk factors of subclinical mastitis of dairy buffalo at Bhola district of
BangladeshAsian Journal of Medical and Biological Resea&697-704.

Aliyo A, Seyoum A, Teklemariam Z 2022: Bacteriological qualitydaantimicrobial
susceptibility patterns among raw milk producers and vendors in Gomole district,
Borena zone, Southern Ethioplafection and Drug Resistandé 25832602.
http://dx.doi.org/10.2147/1dS364578

Aliyo A, Teklemariam Z 2022: Assessment of milk contamination, associated risk
factors, and drug sensitivity patterns among isolated bacteria from raw milk of
Borena zone, Ethiopia.Journal of Tropical Medicine 2022 1-9.
http://dx.doi.org/10.1155/2022/35777.15

Anderson M, Hinds P, Hurditt S, Miller P, McGrowder D, Alexantgrdo R 2011: The
microbial content of unexpired pasteurized milk from selected supermarkets in a
developing countryAsan Pacific Journal of Tropical Biomedicine205-211.
http://dx.doi.org/10.1016/s2221691(11)6002&.

Anirban G, Sandeep G, Anshu S 2010: Assessment of chemical and elegrolyge
as an indicator of subclinical mastitis in riverine buffaBulfalus bubalis
Haryana Veterinariart9 19-21.

Anirban G, Sandeep G, Anshu S 2013: Evaluation of milk biochemical constituents as
indicators of subclinical mastitis in Murrah buffalBubalus bubalis Buffalo
Journal2951-58.

Aragéo BB, Trajano SC, de Oliveira RP, Sobral da Silva DM, de Carvalho RG, Juliano
MA, Pinheiro Junior JW, Mota RA 2021: Multiresistant zoonotic pathogens
isolated from goat milk in Northeastern Brazfomparaive Immunology,
Microbiology and Infectious Diseases 79 101701.
http://dx.doi.org/https://doi.org/10.1016/j.cimid.2021.101701

Artursson K, Schelin J, Thisted Lambertz S, Hansson |, Olsson Engvall E 2018:
Foodborne pathogens in unpasteurized milk in Swdde&rnational Journal of
Food Microbiology 284 120-127.
http://dx.doi.org/10.1016/j.ijfoodmicro.2018.05.015

Assefa A, Bihon A 2018: A systematic review and rraatalysis of prevalence of
Escherichia coliin foods of animal origin in EthiopiaHeliyon 4 e00716.
http://dx.doi.org/10.1016/j.heliyon.2018.e00716

Awad N 2019: Prevalence, etiology and antibiogram of mastitis in buffalo in Sohag
governorate. Assiut  Veterinary  Medical Journal 65 124134.
http://dx.doi.org/10.21608/avm;.2019.169201

Awadallah MA, Ahmed HA, Merwad AM, Selim MA 2016: Occurrence, genotyping,
shiga toxin genes and associated risk factoEs obliisolated from dairy farms,
handlers and milk consumersThe Veterinary Jornal 217 83-88.
http://dx.doi.org/10.1016/j.tvjl.2016.09.014

Bachaya H, Igbal Z, Muhammad G, Yousaf A, Ali H 2005: Subclinical mastitis in buffalo
in Attock district of Punjab (Pakistariakigan Veterinary Journa25 134.

Badua AT, Boonyayatra S, Awaiwanont N, Gaban PBV, Mingala CN 2020: Methicillin
resistantStaphylococcus aureyRSA) associated with mastitis among water

177


http://dx.doi.org/10.2147/idr.S364578
http://dx.doi.org/10.1155/2022/3577715
http://dx.doi.org/10.1016/s2221-1691(11)60028-2
http://dx.doi.org/https:/doi.org/10.1016/j.cimid.2021.101701
http://dx.doi.org/10.1016/j.ijfoodmicro.2018.05.015
http://dx.doi.org/10.1016/j.heliyon.2018.e00716
http://dx.doi.org/10.21608/avmj.2019.169201
http://dx.doi.org/10.1016/j.tvjl.2016.09.014

buffalo in the Philippines. Heliyon 6 e05663.
http://dx.doi.org/10.1016/j.heliyon.2020.e05663

Balemi A, Gumi B, Amenu K, Girma S, Gebru M, Tekle M, Rius AA, D'Souza DH,
Agga GE, Kerro Dego O 2021: Prevalence of mastitis and antibiotic resistance of
bacterial solates from CMT positive milk samples obtained from dairy cows,
camels, and goats in two pastoral districts in southern Ethidpianals11 1530.
http://dx.doi.org/10.3390/ani11061530

Baloch H, RindR, Rind MR, Kumar V, Baloch N, Oad RK 2018: Effect of diverse factors
on the frequency of clinical and subclinical mastitis in Kundhi buffalo of Sindh,
PakistanPakistan Journal of Zoology019131920.

Baloch H, Rind R, Umerani AP, Bhutto AL, Abro SHINR MR, Abro R, Rizwana H,
Kamboh AA, Baloch AK 2016: Prevalence and risk factors associated with sub
clinical mastitis in Kundhi buffaloJournal of Basic and Applied SciencE3
301-305.

Bansal BK, Hamann J, Lind O, Singh ST, Dhaliwal PS 2007: Somatic cell count and
biochemical components of milk related to udder health in bufisdian
Journal of Animal Science 6 10351038.
http://dx.doi.org/10.4081/ijas.2007.52.1035

Banu MG, Zewdu Geberemedhin E 2022: Occurrence and antimicrobial susceptibility of
Staphylococcus aureus dairy farms and personnel in selected towns of West
Shewa Zone, Oromia, Ethiopia. PLoS One 17 e0277805.
http://dx.doi.org/10.1371/journal.pone.0277805

Bari MS, Rahman MM, Persson Y, Derks M, Sayeed MA, Hossain D, Singha S, Hoque
MA, Sivaraman S, Fernando P, Ahmad |, Samad A, Koop G 2022: Subtlini
mastitis in dairy cows in souwfsian countries: a review of risk factors and
etiology to prioritize control measurégeterinary Research Communicatiott
621-640.http://dx.doi.org/10.100811259022-09948x.

Barkema HW, De Vliegher S, Piepers S, Zadoks RN 2013: Herd level approach to high
bulk milk somatic cell count problems in dairy caté&eterinary Quarterly33
82-93. http://dx.d0i.org/10.1080/01652176.2013.799791

Barkema HW, Schukken YH, Lam TJ, Beiboer ML, Wilmink H, Benedictus G, Brand A
1998: Incidence of clinical mastitis in dairy herds grouped in three categories by
bulk milk somatic cell countsJournal of Dairy Sa@nce 81 411-419.
http://dx.doi.org/10.3168/jds.S00ZB02(98)7559P.

Barnum DA, Newbould FH 1961: The use of the California mastitis test for the detection
of bovine mastitisCanadian Veerinary Journal2 83-90.

Bates D, Machler M, Bolker B, Walker S 2015: Fitting linear migégcts models using
Imed4.  Journal of Statistical Software 67 1 - 48.
http://dx.doi.org/10.18637/jss.vO6@ 1.

Bauer MS, Damschroder L, Hagedorn H, Smith J, Kilbourne AM 2015: An introduction
to implementation science for the nspecialist. BMC Psychology3 32.
http://dx.doi.org/10.1186/s403581.5-0089-9.

Bauman CA, Barkema HW, Dubuc J, Keefe GP, Kelton DF 2018: Canadian National
Dairy Study: Herdevel milk quality.Journal of Dairy Scienc&0126792691.
http://dx.doi.org/10.3168/jds.20113336

178


http://dx.doi.org/10.1016/j.heliyon.2020.e05663
http://dx.doi.org/10.3390/ani11061530
http://dx.doi.org/10.4081/ijas.2007.s2.1035
http://dx.doi.org/10.1371/journal.pone.0277805
http://dx.doi.org/10.1007/s11259-022-09948-x
http://dx.doi.org/10.1080/01652176.2013.799791
http://dx.doi.org/10.3168/jds.S0022-0302(98)75591-2
http://dx.doi.org/10.18637/jss.v067.i01
http://dx.doi.org/10.1186/s40359-015-0089-9
http://dx.doi.org/10.3168/jds.2017-13336

Bauzad M, Yuliati FN, Prahesti KI, Malaka R 2019: Total plate countEsutherichia
coli in raw buffalo milk in Curio district Enrekang Regendgarth and
Environmental SciencéOP Publishing, 4.

Beheshti R, Eshratkhah B, Shayegh J, Ghalehkandi J&)abDi\v, Valiei K 2011:
Prevalence and etiology of subclinical mastitis in buffalo of the Tabriz region,
Iran. American Journal of Scien@e642-645.

Bennetzen EH, Smith P, Porter JR 2016: Decoupling of greenhouse gas emissions from
global agricultural prduction: 19762050.Global Change Biolog@2 763-781.
http://dx.doi.org/10.1111/gcb.13120

Bergonier D, de Crémoux R, Rupp R, Lagriffoul G, Berthelot X 2003: Mastitis of dairy
small ruminants. Veterinary Research 34 689716.
http://dx.doi.org/10.1051/vetres:2003030

Berhanu L, Gume B, KaasT, Dadi LS, Tegegne D, Getnet M, Bediru H, Getaneh A,
Suleman S, Mereta ST 2021: Microbial quality of raw cow milk and its predictors
along the dairy value chain in Southwest Ethiopiternational Journal of Food
Microbiology 350109228 http://dx.doi.org/10.1016/j.iffoodmicro.2021.109228

Berhe G, Wasihun AG, Kassaye E, Gebreselasie K 2020:-iilke bacterial health
hazards in milk produced for commercial purpose in Tigray, nortBdnopia.
BMC Public Healtr20894. http://dx.doi.org/10.1186/s1288®0-090166.

Beuckelaere L, De Visscher A, Souza FN, Meyer E, Haesebrouck F, Piepers S, De
Vliegher S 2021: Colonization anddal host response following intramammary
Staphylococcus chromogenelsallenge in dry cowsVeterinary Research?2
137.http://dx.doi.org/10.1186/s1356121-0100%8.

Bhaduri S, Buchanan RL, Phgs JG 1995: Expanded response surface model for
predicting the effects of temperatures, pH, sodium chloride contents and sodium
nitrite concentrations on the growth rateYdrsinia enterocoliticaJournal of
Applied Bacteriology 79 163170. http://dx.doi.org/10.1111/j.1365
2672.1995.tb00930.x

Bhandari S, Subedi D, Tiwari BB, Shrestha P, Shah $/ddtapha Al 2021: Prevalence
and risk factors for multidrugesistant Escherichia coli isted from subclinical
mastitis in the western Chitwan region of Negalurnal of Dairy Scienc&04
1276512772 .http://dx.doi.org/10.3168/jds.202480

Bhanot V, Chaudhri SS, Bisla RS, Singh H20Retrospective study on prevalence and
antibiogram of mastitis in cows and buffalo of eastern Haryiacizan Journal
of Animal Researci6 160-163.

Bhutia PS, Bansal BK, Gupta DK, Singh RS, Uppal SK 2019: Bacterial isolation of milk
samples submitteffom clinical mastitis buffalo during 2007 to 20T&opical
Animal Health and Productiofl 1551-1557.http://dx.doi.org/10.1007/s11250
019-01846w.

Bilal M, Igbal M, Muhammad G, Avais M, Sajid M 2004: Factors affecting the
prevalence of clinical mastitis in buffalo around Faisalabad district (Pakistan).
International Journal of Agriculture And Biolo@y

Biswas D, Hanif sM, Rana A, Anower AKM 2020:study on udder health management
practices, reproductive disorders and subclinical mastitis in buffalo herds in
coastal region of Bangladeshurkish Journal of Agriculturé-ood Science and

179


http://dx.doi.org/10.1111/gcb.13120
http://dx.doi.org/10.1051/vetres:2003030
http://dx.doi.org/10.1016/j.ijfoodmicro.2021.109228
http://dx.doi.org/10.1186/s12889-020-09016-6
http://dx.doi.org/10.1186/s13567-021-01007-8
http://dx.doi.org/10.1111/j.1365-2672.1995.tb00930.x
http://dx.doi.org/10.1111/j.1365-2672.1995.tb00930.x
http://dx.doi.org/10.3168/jds.2020-19480
http://dx.doi.org/10.1007/s11250-019-01846-w
http://dx.doi.org/10.1007/s11250-019-01846-w

Technology 8  16621667. http://dx.doi.org/10.24925/turjaf.v8i8.1662
1667.3416

Blagitz MG, Souza FN, Batista CF, Diniz SA, Azevedo LFF, Silva MX, Haddad JPA,
Heinemann MB, Cerqueira MMOP, Della Libera AMMP 2015: Flow cytometric
analysis: Interdependemoof healthy and infected udder quartelsurnal of
Dairy Science98 2401-2408. http://dx.doi.org/https://doi.org/10.3168/jds.2014
8727,

Bobbo T, Ruegg PL, Stocco G, Fiore E, Gianesella M, Morgante M, Pasotto D, Bittante
G, Cecchinato A 2017: Associations between pathepegcific cases of
subclinical mastitis and milk yield, qualitprotein composition, and cheese
making traits in dairy cowsJournal of Dairy Sciencel00 48684883.
http://dx.doi.org/10.3168/jds.20182353

Bombade K, Kamboj A, Alhussien MN, Mohanty AK, Dang 2R18: Diurnal variation
of milk somatic and differential leukocyte counts of Murrah buffalo as influenced
by different milk fractions, seasons and pariti®logical Rhythm Researet®
151-163. http://dx.doi.org/10.1080/09291016.2017.1345472

Borena BM, Gurmessa FT, Gebremedhin EZ, Sarba EJ, Marami LM 2023:
Staphylococcus aureurs cow milk and milk products in Ambo and Bako towns,
Oromia, Ethiopia: prevalence, associated risk factors, higgignality, and
antibiogram. International Journal of Microbiology
http://dx.doi.org/10.1007/s101ZR2-0031 #x.

Borghese A 2003uffalo production and researckood and Agriculture Organizatio
(FAO), Rome, Italy. 67.

Borriello G, Lucibelli MG, De Carlo E, Auriemma C, Cozza D, Ascione G, Scognamiglio
F, lovane G, Galiero G 2012: Characterization of enterotoxidgerdoli(ETEC),
Shigatoxin producinge. coli(STEC) and necrotoxigente. coli(NTEC) isolated
from diarrhoeic Mediterranean water buffalo calM@sl{alus bubalis Research
in Veterinary Scienc8318-22. http://dx.doi.org/10.1016/j.rvsc.2011.05.009

Boss R, Cosandey A, Lnii M, Artursson K, Bardiau M, Breitenwieser F, Hehenberger
E, Lam T, Mansfeld M, Mi c hel A, M° ss| ac
O, Raemy A, Ryan E, Salat O, Zangerl P, Steiner A, Graber HU 2016: Bovine
Staphylococcus aureuSubtyping, evolution, ahzoonotic transferdournal of
Dairy Scienc9515-528. http://dx.doi.org/10.3168/jds.201%689

Bulla T, Rana Y, Sharma A, Beniwal B 2006: Prevalence of subclinical mastitis in
Murrah buffalo.Haryana Veterinariard5 53-56.

Bustin SA, Benes V, Garson JA, Hellemans J, Huggett J, Kubista M, Mueller R, Nolan
T, Pfafft MW, Shipley GL, Vandesompele J, Wittwer CT 2009: The MIQE
guidelines: minimum information for publication of quantitative +@ale PCR
experiments. Clinical Chemistry 55 611-622.
http://dx.doi.org/10.1373/clinchem.2008.112797

Caine LA, Nwodo UU, Okoh Al, Ndip RN, Green E 2014: Occurrence of virulence genes
associated with drrheageni&scherichia colisolated from raw cow's milk from
two commercial dairy farms in the Eastern Cape Province, South Africa.
International Journal of Environmental Research and Public HeB1th 1950
11963.http://dx.doi.org/10.3390/ijerph111111950

180


http://dx.doi.org/10.24925/turjaf.v8i8.1662-1667.3416
http://dx.doi.org/10.24925/turjaf.v8i8.1662-1667.3416
http://dx.doi.org/https:/doi.org/10.3168/jds.2014-8727
http://dx.doi.org/https:/doi.org/10.3168/jds.2014-8727
http://dx.doi.org/10.3168/jds.2016-12353
http://dx.doi.org/10.1080/09291016.2017.1345472
http://dx.doi.org/10.1007/s10123-022-00317-x
http://dx.doi.org/10.1016/j.rvsc.2011.05.009
http://dx.doi.org/10.3168/jds.2015-9589
http://dx.doi.org/10.1373/clinchem.2008.112797
http://dx.doi.org/10.3390/ijerph111111950

Cameron M, Barkema HW, De Buck J, De Vliegher S, Chaffer M, Lewis J, Keefe GP
2017: Identification of bovinassociated coagulasegative staphylococci by
matrix-assisted laser desorption/iortiba timeof-flight mass spectrometry
using a direct transfer protocalournal of Dairy Sciencel00 21372147.
http://dx.doi.org/10.3168/jds.20182020

Cappelli G, Di Vuolo G, Gerini O, Noschese BRjfano F, Capacchione R, Rosini S,
Limone A, De Carlo E 2021: Italian tracing system for water buffalo milk and
processed milk productdnimalsl11 http://dx.doi.org/10.3390/ani110617.37

Carlson ZE, McPhillips LJ, Stowell RR, Erickson GE, Drewnoski M, MacDonald JC
2023: Evaluation of growth performance, carcass characteristics, and methane
and CO2 emissions of growing and finishing cattle raisedtensive or partial
intensive cowcalf production systemsJournal of Animal SciencelOl
http://dx.doi.org/10.1093/jas/skac368

Caruso C, Prato R, Ingravalle F, Vecchio D, Sciarra A, Ternavasio M, @#ctar
Martucciello A, Galiero G, De Carlo E, Masoero L 2016: Prevalence of
antibodies against Bubaline herpesvirus (BuHVamong Mediterranean water
buffalo Bubalus bubalis with implications in buffalo tradeVeterinary
Quarterly36 184-188. http://dx.doi.org/10.1080/01652176.2016.1205236

Catozzi C, Cuscé A, Lecchi C, Talenti A, Martucciello A, Cappelli G, Bonastre AS,
Francino O, Ceciliani F 2019: Short communication: #ad interindividual
milk microbiota variability in healthy and infected water buffalo udder quarters.
Journal of Dairy Sciencd02 74767482. http://dx.doi.org/10.3168/jds.2019
16352

Catozzi C, Sanchez BonastA, Francino O, Lecchi C, De Carlo E, Vecchio D,
Martucciello A, Fraulo P, Bronzo V, Cusco A, D'Andreano S, Ceciliani F 2017:
The microbiota of water buffalo milk during mastitRLoS Onel2 e0184710.
http://dx.doi.org/10.1371/journal.pone.0184710

CCKP 2021a: Monthly climatology of meda@mperature and precipation in Bangladesh
from 19912020. Climate Change Knowledge Portal, Accessed on 06 March
2023.https://climateknowledgeportal.worldbank.org/country/bangladesh

CCKP 2021b: Monthly climatology of medamperature and precipation in Ethiopia
from 19912020. Climate change knowledge portal, Accessed on 06 Magh 2
https://www.climatestotravel.com/climate/ethiopia

CDC 2020: Foodborne germs and illnesses. National center for emerging and zoonotic
infectious diseases (NCEZID), Division of foodbornevaterborne, and
environmental diseases (DFWED), Centers for Disease Control and
Phererevention1600 Clifton Road Atlanta, GA 3032827 USA Accessed on
12 August 2022https://www.cdayov/foodsafety/foodborngerms.html

CDC 2021: Zoonotic diseases. National center for emerging and zoonotic infectious
diseases (NCEZID), Division of foodborne, waterborne, and environmental
diseases (DFWED), Centers for Disease Control and Phererevehb@08,
Clifton Road Atlanta, GA 30328027 USA Accessed on 12 August 2022.
https://www.cdc.gov/onehealth/basics/zoonaliseases.html

Ceciliani F, Audano M, Addis MF, Mitro N, Lecchi C, Ghaffari MH, Albertini M, De
Carlo E, Vecchio D, Di Vuolo G, Cappelli G, Tangorra F, Piccinini R, Bronzo V,
Caruso D 2022: Changes in the lipde of water buffalo milk during

181


http://dx.doi.org/10.3168/jds.2016-12020
http://dx.doi.org/10.3390/ani11061737
http://dx.doi.org/10.1093/jas/skac368
http://dx.doi.org/10.1080/01652176.2016.1205236
http://dx.doi.org/10.3168/jds.2019-16352
http://dx.doi.org/10.3168/jds.2019-16352
http://dx.doi.org/10.1371/journal.pone.0184710
https://climateknowledgeportal.worldbank.org/country/bangladesh
https://www.climatestotravel.com/climate/ethiopia
https://www.cdc.gov/foodsafety/foodborne-germs.html
https://www.cdc.gov/onehealth/basics/zoonotic-diseases.html

intramammary infection by neaureus StaphylococciScientific Reportsl2
9665.http://dx.doi.org/10.1038/s415982-134000.

Census 2010: Census of Agricultur@08: Structure of Agricultural Holdings and
Livestock Population. Bangladesh Bureau of Statistics, Statistics Division,
Mi ni stry of Pl anning, Government of
Dhaka, Bangladesh  Accessed on 20 October 2022.
http://lwww.fao.org/fileadmin/templates/ess/ess_test folder/World_Census_Agr
iculture/Country_info_2010/Reports/Rep 3/BGD_ENG_REP_2008.pdf

Cerva C, Bremm C, Reis EM, Bezerra AV, Loiko MR, Cruz CE, Cenci A, Mayer FQ
2014: Food safety in raw milk production: risk factors associated to bacterial
DNA contamination.Tropical Animal Health and Productiod6 877-882.
http://dx.doi.org/10.1007/s112514-0580y.

Chambers JV 2002: The microbiology of raw milkairy Microbiology Handbook3
Edition. John Wiley & Sons Inc, New York, NY. 8330.

Chandra S, Oberoi Bhakat M, Yogi R, Yadav A, Singh P, Kumar A 2016: Effect of
dietary supplementation of peherbal mixture and butyric acidn milk
production, milk quality and somatic cell countspafstpartum Murrah buffalo.
Indian Journal of Animal Resear®&1 http://dx.doi.org/10.18805/ijar.9646

Charaya G, Kumar A, Sharma A, Hoel P, Kumar A, Kumar T, Kumar P, Gupta S, Mittal
D 2015: Comparative efficacy of tylosin, enrofloxacin and ceftriaxone in
treatment of buffal suffering from mastitiddaryana VeterinariarB4 143-146.

Charaya G, Sharma A, Kumar A, Singh M, Goel P 2014: Pathogens isolated from clinical
mastitis in Murrah buffalo and their antibiograweterinary World7 980-985.

Chavoshi M, Husaini J 2012: Buffalo subclinical mastitis bacterial pathogens in Iran.
International Proceedings of Chemical, Biological and Environmental
Engineering (IPCBEE)143-146

Choudhary BB, Sirohi S 2019: Sensitivity of buffaBupalus bubalisto heat stress.
Journal of Dairy Research 86 399-405.
http://dx.doi.org/10.1017/S0022029919000773

Chye FY, Abdullah A, Ayob MK 2004: Bacteriological quality and safety of raw milk
in Malaysia. Food Microbiology 21 535541.
http://dx.doi.org/10.1016/}.fm.2003.11.007

Cimmino F, Catapano A, Villano |, Di Maio G, Petrella L, Traina G, Pizzella A, Tudisco
R, Cavaliere G 2023: Invited review: khan, cow, and donkey milk comparison:
Focus on metabolic effects. Journal of Dairy Science
http://dx.doi.org/10.3168/jds.2022465

Cobirka M, Tancin V, Slama P 2020: Epidemiology and classification of mastitis.
Animals (Basel}0 http://dx.doi.org/10.3390/ani10122212

Condas LAZ, De Buck J, Nobrega DB, Carson DA, Roy JP, KeefeD@WFries TJ,
Middleton JR, Dufour S, Barkema HW 2017: Distribution of +aameus
staphylococci species in udder quarters with low and high somatic cell count, and
clinical mastitis. Journal of Dairy Science 100 56135627.
http://dx.doi.org/10.3168/jds.20182479

182


http://dx.doi.org/10.1038/s41598-022-13400-0
http://www.fao.org/fileadmin/templates/ess/ess_test_folder/World_Census_Agriculture/Country_info_2010/Reports/Reports_3/BGD_ENG_REP_2008.pdf
http://www.fao.org/fileadmin/templates/ess/ess_test_folder/World_Census_Agriculture/Country_info_2010/Reports/Reports_3/BGD_ENG_REP_2008.pdf
http://dx.doi.org/10.1007/s11250-014-0580-y
http://dx.doi.org/10.18805/ijar.9646
http://dx.doi.org/10.1017/S0022029919000773
http://dx.doi.org/10.1016/j.fm.2003.11.007
http://dx.doi.org/10.3168/jds.2022-22465
http://dx.doi.org/10.3390/ani10122212
http://dx.doi.org/10.3168/jds.2016-12479

Constable PD, Hinchcliff KW, Done SH, Grinberg W 2016: Diagnosis of Bovine
Mastitis: Veterinary medicine: a textbook of the diseases of cattle, horses, sheep,
pigs and goats11" Edition. El®vier Health Sciences, 3251 Riverport Lane St.
Louis, Missouri 63043, United States. 191921.

Coroian A, Coroian CO, Vodnar DC, Trif M 2010: Study of the main microbiological
traits in Romanian buffalo mildnternational Journal of the Bioflux Socie2y
92-98.

Cortinhas CS, Botaro BG, de Macedo SN, Dos Santos MV 2018: Herd characteristics
and management practices associated with bulk tank milk quality of dairy herds
in southeastern Brazilropical Animal Health and Productiof0 16051610.
http://dx.doi.org/10.1007/s112511.8 1602z

Costa A, Neglia G, Campanile G, De Marchi M 2020: Milk somatic cell count and its
relationship with milk yield and quality traits in Italian water buffalournal of
Dairy Sciencel0354855494.http://dx.doi.org/10.3168/jds.20188009

Cremonesi P, Cortimiglia C, Picozzi C, Minozzi G, Malvisi M, Luini M, Castiglioni B
2016: Development of a droplet digitablpmerase chain reaction for rapid and
simultaneous identification of common foodborne pathogens in soft cheese.
Frontiers in Microbiology7 http://dx.doi.org/10.3389/fmicb.2016.01725

Cremonesi PPisani LF, Lecchi C, Ceciliani F, Martino P, Bonastre AS, Karus A,
Balzaretti C, Castiglioni B 2014: Development of 23 individual TagMan® real
time PCR assays for identifying common foodborne pathogens using a single set
of  amplification  conditions. Food Microbiology 43  3540.
http://dx.doi.org/10.1016/j.fm.2014.04.007

Dang AK, Kapila S, Tomar P, Singh C 2007: Relationship of blood and milk cell counts
with mastitic pathogens in Murrah buffaléalian Journal of Animal Sciend
821-824.http://dx.doi.org/10.4081/ijas.2007.s2.821

Darwish SF, Asfour HA, Allam HA 2015: Incidence ¥krsinia enterocoliticaand
Yersinia pseudotuberculosie raw milk samples of different animal species
using conventional and molecular methodtexandria Journal of Veterinary
Sciencegl4 174-185. http://dx.doi.org/10.5455/ajvs.176360

De Barros LD, Garcial] Bresciani KDS, Cardim ST, Storte VS, Headley SA 2020: A
review of toxoplasmosis and Neosporosis in water buff@labélus bubalis
Frontiers in Veterinary Science 7 455,
http://dx.doi.org/10.3389/fvets.2020.00455

De Buyser ML, Dufour B, Maire M, Lafarge V 2001: Implication of milk and milk
products in fooeborne diseases in France and in different industrialised
countries. International Journal of Food Microbiology 67 1-17.
http://dx.doi.org/https://doi.org/10.1016/S016805(01)00443.

De Silva SASD, Kanugala KANP, Weerakkody NS 2016: Microbiological quality of raw
milk and effect on qualityby implementing good management practices.
Procedia Food Sciend®92-96. http://dx.doi.org/10.1016/j.prof00.2016.02.019

De Vries A, Kaylegian KE, Dahl GE 2020: MILK Symposium review: Impngvthe
productivity, quality, and safety of milk in Rwanda and Nepaurnal of Dairy
Sciencel0397589773.http://dx.doi.org/10.3168/jds.2028304

183


http://dx.doi.org/10.1007/s11250-018-1601-z
http://dx.doi.org/10.3168/jds.2019-18009
http://dx.doi.org/10.3389/fmicb.2016.01725
http://dx.doi.org/10.1016/j.fm.2014.04.007
http://dx.doi.org/10.4081/ijas.2007.s2.821
http://dx.doi.org/10.5455/ajvs.176360
http://dx.doi.org/10.3389/fvets.2020.00455
http://dx.doi.org/https:/doi.org/10.1016/S0168-1605(01)00443-3
http://dx.doi.org/10.1016/j.profoo.2016.02.019
http://dx.doi.org/10.3168/jds.2020-18304

Deb GK, Nahar TN, Duran PG, Presicce GA 201&feSand sustainable traditional
production: the water buffalo in Asigrontiers in Environmental Sciendel-7.
http://dx.doi.org/10.3389/fenvs.2016.00038

Derks M, Hogeveen H, Kooistra SR, van i T, Tauer LW 2014: Efficiency of dairy
farms participating and not participating in veterinary herd health management
programs.  Preventive Veterinary Medicine 117 478486.
http://dx.doiorg/10.1016/j.prevetmed.2014.10.008

DerSimonian R, Laird N 1986: Metmalysis in clinical trialsControlled Clinical Trials
7 177-188.http://dx.doi.org/10.1016/0197456(86)9004&.

Desmarbelier P, Fegan N 2016: Pathogens in nd&cherichia coliReference Module
in Food ScienceElsevier Health Sciences, 3251 Riverport Lane St. Louis,
Missouri 63043, United States.

Dhakal | 2006: Normal somatic cell count and subclinical mastitis inrdfubuffalo.
Journal of Veterinary Medicine Seriesb8 81-86.

Dhakal IP, Dhakal P, Koshihara T, Nagahata H 2007: Epidemiological and
bacteriological survey of buffalo mastitis in Nep&he Journal of Veterinary
Medical Scienc€9 1241-1245.

Dhakal IP, Nagahata H 2018: Evaluation of mastitis related measures & their
applications to classify buffalo milk in Chitwan, Nepaburnal of Agricultural
Science and Technology8 99-111. http://dx.da.org/10.17265/2161
6256/2018.02.006

Dhakal IP, Neupane M, Nagahata H 2008: Evaluation of direct and indirect measures of
guarter milk from crossbred buffaldournal of Animal Scienc@&9 628-633.
http://dx.doi.org/10.1111/].1740929.2008.00573.x

Diriba K, Awulachew E, Diribsa K 2021: The prevalencé.isteriaspecies in different
food items of animal and plant origin in Ethiopia: a systematic review and meta
analysis. European Journal f Medical Research 26 60.
http://dx.doi.org/10.1186/s4008021-005328.

Disassa N, Sibhat B, Mengistu S, Muktar Y, Belina D 2017: Prevalence and
antimicrobial susceptibility pattern &f coli O157:H7solated from traditionally
marketed raw cow milk in and around Asosa town, western Ethidptarinary
Medicine InternationaR0177581531 http://dx.doi.org/10.1155/2017/7581531

DLS 2021: Livestock economy at a glance. Department of Livestock Services, Division
of Livestock Statistics, Ministry of Fisheries and Livestdearmgate, Dhaka,
Bangladesh Accessed on 26 May 2022.
http://dls.portal.ge.bd/sites/default/files/files/dls.portal.gov.bd/files/a7c2c046
864e_41c5_adcc_c9858ebc7887/208118-05-41-
28ed36a96d0db342b627f416f5d1f97a.pdf

DLS 2022: Contribution of livestock and poultry in the national economy of Bangladesh
(2021-22). Department of Livestock Services, Division of Livestock Statistics,
Ministry of Fisheries and Livestockarmgate, Dhaka, Bangladeshccessed on
1st January @3.
http://dls.portal.gov.bd/sites/default/files/files/dls.portal.gov.bdhlee5f4621
fa3a_40ac_8bd9 898fb8ee4700/2@218-03-43
37d18965a6458cda3c542ab146480962.pdf

184


http://dx.doi.org/10.3389/fenvs.2016.00038
http://dx.doi.org/10.1016/j.prevetmed.2014.10.008
http://dx.doi.org/10.1016/0197-2456(86)90046-2
http://dx.doi.org/10.17265/2161-6256/2018.02.006
http://dx.doi.org/10.17265/2161-6256/2018.02.006
http://dx.doi.org/10.1111/j.1740-0929.2008.00573.x
http://dx.doi.org/10.1186/s40001-021-00532-8
http://dx.doi.org/10.1155/2017/7581531
http://dls.portal.gov.bd/sites/default/files/files/dls.portal.gov.bd/files/a7c2c046_864e_41c5_adcc_c9858ebc7887/2021-08-18-05-41-28ed36a96d0db342b627f416f5d1f97a.pdf
http://dls.portal.gov.bd/sites/default/files/files/dls.portal.gov.bd/files/a7c2c046_864e_41c5_adcc_c9858ebc7887/2021-08-18-05-41-28ed36a96d0db342b627f416f5d1f97a.pdf
http://dls.portal.gov.bd/sites/default/files/files/dls.portal.gov.bd/files/a7c2c046_864e_41c5_adcc_c9858ebc7887/2021-08-18-05-41-28ed36a96d0db342b627f416f5d1f97a.pdf
http://dls.portal.gov.bd/sites/default/files/files/dls.portal.gov.bd/page/ee5f4621_fa3a_40ac_8bd9_898fb8ee4700/2022-07-18-03-43-37d18965a6458cda3c542ab146480962.pdf
http://dls.portal.gov.bd/sites/default/files/files/dls.portal.gov.bd/page/ee5f4621_fa3a_40ac_8bd9_898fb8ee4700/2022-07-18-03-43-37d18965a6458cda3c542ab146480962.pdf
http://dls.portal.gov.bd/sites/default/files/files/dls.portal.gov.bd/page/ee5f4621_fa3a_40ac_8bd9_898fb8ee4700/2022-07-18-03-43-37d18965a6458cda3c542ab146480962.pdf

Dohoo I, Martin SW, Stryhn H 2010a: Mixed models for discrete ddéderinary
Epidemiologic Researct2" Edition. VER Inc., Charlottetown, Prince Edward
Islard, Canada. 58891.

Dohoo [, Martin SW, Stryhn H 2010b: Samplingeterinary Epidemiologic Research
2" Edition. VER Inc., Charlottetown, Prince Edward Island, Canad&736

Dufour S, Fréchette A, Barkema HW, Mussell A, Scholl DT 2011: Invited revidactef
of udder health management practices on herd somatic cell dowmbhal of
Dairy Sciencé4563-579.http://dx.doi.org/10.3168/jds.2043715

El-Ashker M, Gwida M, Monecke S, #ohary F, EhrichR, Elsayed M, Akinduti P,
El-Fateh M, Maurischat S 2020: Antimicrobial resistance pattern and virulence
profile of S. aureudsolated from household cattle and buffalo with mastitis in
Egypt. Veterinary Microbiology 240 108535.
http://dx.doi.org/10.1016/j.vetmic.2019.108535

El-Gazzar FE, Marth EH 1992: Salmonellae, salmonellosis, and dairy foods: a review.
Journal of Dairy Scienc&5 2327-2343. http://dx.doi.org/10.3168/jds.S0022
0302(92)779931.

El-Razik KAA, Arafa AA, Hedia RH, lbrahim ES 2017: Tetracycline resistance
phenotypes and genotypes of coagulasgative staphylococcal isolates from
bubaline  mastitis in Egypt. Veteinary World 10 702710.
http://dx.doi.org/10.14202/vetworld.2017.7@20.

El-Salam A, Mohamed H, Ebhibiny S 2011: A comprehensive review on the
composition and properties of buffalo milRairy Science and Technolo§l
663-699.http://dx.doi.org/10.1007/s13591.1-0029-2.

El-Wishy AB 2007: The postpartum buffalo. Il. Acyclicity and anestrdsimal
Reproduction Science 97 216-236.
http://dx.doi.org/10.1016/j.anireprosci.2006.03.003

El-Zamkan MA, Hameed KG 2016: Prevalence Gampylobacter jejuniand
Campylobacter colin raw milk and some dairy productgeterinary World9
11471151 .http://dx.doi.org/10.14202/vetworld.2016.114751

El Nahas SM, El Kasas AH, Abou Mossallem AA, Abdelhamid MI, WardaOl#72 A
study on IL8RB gene polymorphism as a potential imrmcompromised
adherent in exaggeration of parenteral and maronme oxidative stress during
mastitis in buffalo. Journal of Advanced Research8 617-625.
http://dx.doi.org/10.1016/j.jare.2017.07.002

Elahi E, Abid M, Zhang H, Cui W, Ul Hasson S 2018: Domestic water buffalo: Access
to surface water, disease prevalence and associated economicHosgestive
Veterinary Medicine 154 102-112.
http://dx.doi.org/10.1016/j.prevetmed.2018.03.021

Elhaig MM, Selim A 2015: Molecular and bacteriological investigation of subclinical
mastitis caused bystaphylococcus aureuand Strepbcoccus agalactiagn
domestic bovids from Ismailia, Egypitropical Animal Health and Production
47 271-276.http://dx.doi.org/10.1007/s1125M 40715 1.

Elmoslemany AM, Keefe GP, Dohoo IR, Jagar BM 2009: Risk factors for
bacteriological quality of bulk tank milk in Prince Edward Island dairy herds. Part

185


http://dx.doi.org/10.3168/jds.2010-3715
http://dx.doi.org/10.1016/j.vetmic.2019.108535
http://dx.doi.org/10.3168/jds.S0022-0302(92)77993-4
http://dx.doi.org/10.3168/jds.S0022-0302(92)77993-4
http://dx.doi.org/10.14202/vetworld.2017.702-710
http://dx.doi.org/10.1007/s13594-011-0029-2
http://dx.doi.org/10.1016/j.anireprosci.2006.03.003
http://dx.doi.org/10.14202/vetworld.2016.1147-1151
http://dx.doi.org/10.1016/j.jare.2017.07.002
http://dx.doi.org/10.1016/j.prevetmed.2018.03.021
http://dx.doi.org/10.1007/s11250-014-0715-1

2: bacteria counspecific risk factorsJournal of Dairy Scienc82 26442652.
http://[dx.doi.org/10.3168/jds.2008813

Elsayed MS, Mahmoud Bagoury AE, Dawoud MA 2015: Phenotypic and genotypic
detection of virulence factors 8taphylococcus aureusolated from clinical and
subclinical mastitis in cattle and water buffaloes from difiefarms of Sadat
city in Egypt. Veterinary World 8 1051-1058.
http://dx.doi.org/10.14202/vetworld.2015.105058

Enger BD, Middleton JR 2021: Letter to the Editor: Comments on "Mammarpbial
dysbiosis leads to the zoonosis of bovine mastitis: at@aath perspective” by
Maity and Ambatipudi. FEMS Microbiology Ecology 97
http://dx.doi.org/10.1093/femsec/fiabQ76

Esposito G, Iron$?C, Webb EC, Chapwanya A 2014: Interactions between negative
energy balance, metabolic diseases, uterine health and immune response in
transition dairy cows. Animal Reproduction Sciencel44 60-71.
http://dx.doi.org/10.1016/j.anireprosci.2013.11.007

Etikan 1, Alkassim R, Abubakar S 2016: Comparision of snowball sampling and
sequential sampling techniqudiometrics and Biostatistics International
Journal3 6-7. http://dx.doi.org/10.15406/bbij.2016.03.00055

Exel CE, Gerritsen K, Spaninks M, Duim B, Koop G, Benedictus L 2023: Association
of Staphylococcus auregenotypes with milk or colonization of extramammary
sites in Dutch day cattle indicates strain variation in reservoirs for
intramammary infections.Research in Veterinary SciencE54 138144.
http://dx.doi.org/10.1016/j.rvsc.2022.12.010

Exel CE, Halasa T, Koop G, Steeneveld W, Lam T, Benedictus L, Gussmann M 2022:
A stochastic modelling approach to determine the effect of diverse
Staphylococcus auresg$rains on the economic and epidemiolobazgcomes of
mastitis intervention strategies in dairy cattRkeeventive Veterinary Medicine
199105566 http://dx.doi.org/10.1016/).prevetmed.2021.105566

FAOSTAT 2019: Production/Yieldugntities of buffalo in world. Accessed on 5 August
2022.https://www.fao.org/faostat/en/#data/QA

Faroog A, Inayat S, Akhtar M, Mushtaq M 2008: Prevalence of mastitis and antibiotic
sensitivity of bacterial isolates recovered from NRavi buffalo. Journal of
Animal and Plant Sciencds 2-3.

Farrar T 2020: skedastic: Heteroskedasticity diagnostics for linear regression models.
Bellville, South Africa  Accessed on 10 July 2022.
https://github.com/tjfarrar/skedastic

Faruque M 2000: Identification of the best genotype of buffalo for dairy purpose in
Bangladesh and to improve their productiviangladesh Agricultural Research
Council. New Aiport Road, Farmgate, Dhaka, Bangladesh

Farugue MO, Hasnath MA, Siddiqgue NN 1990: Present status of buffalo and their
productivity in BangladeshAsianAustralasian Journal of Animal Scienc8s
287-292.

Faruque MO, Hossain Ml 2007: The effect of feed $eqment on the yield and
composition of buffalo milkltalian Journal of Animal Sciend®488-490.

186


http://dx.doi.org/10.3168/jds.2008-1813
http://dx.doi.org/10.14202/vetworld.2015.1051-1058
http://dx.doi.org/10.1093/femsec/fiab076
http://dx.doi.org/10.1016/j.anireprosci.2013.11.007
http://dx.doi.org/10.15406/bbij.2016.03.00055
http://dx.doi.org/10.1016/j.rvsc.2022.12.010
http://dx.doi.org/10.1016/j.prevetmed.2021.105566
https://www.fao.org/faostat/en/#data/QA
https://github.com/tjfarrar/skedastic

Ferchiou A, Ndiaye Y, Mandour MA, Herman N, Lhermie G, Raboisson D 2023: The
marginal abatement cost of antimicrobials for dairy cow mastitis: A bioeconomic
optimization perspective. Veterinary Sciences 10
http://dx.doi.org/10.3390/vetsci10020092

Francoz D, Wellemans V, Dupré JP, Roy JP, Labelle F, Lacasse P, Dufour S 2017:
Invited review: A systematiceview and qualitative analysis of treatments other
than conventional antimicrobials for clinical mastitis in dairy codairnal of
Dairy Sciencel00775%7770.http://dx.doi.org/10.3168/jds.2016512

Fréchette A, Fecteau G, Coté C, Dufour S 2021: Clinical mastitis incidence in dairy cows
housed on recycled manure solids bedding: a Canadian cohortFtoiatyers in
Veterinary Scienc8 742868 http://dx.doi.org/10.3389/fvets.2021.742868

Freeman MF, Tukey JW 1950: Transformations related to the angular and the square
root. Annals of Mathematical Statistied 607-611, 605.

Fresan U, Sabaté J 2019: Vegetarian diets: Planetary health and its alignment with human
health. Advances in Nutrition 10 S380s388.
http://dx.doi.org/10.1093/advances/nmz019

Frey Y, Rodriguez JPThomann A, Schwendener S, Perreten V 2013: Genetic
characterization of antimicrobial resistance in coaguteggtive staphylococci
from bovine mastitis milk. Journal of Dairy Science96 2247-2257.
http://dx.doi.org/10.3168/jds.201@091

Gao J, Barkema HW, Zhang L, Liu G, Deng Z, Cai L, Shan R, Zhang S, Zou J, Kastelic
JP, Han B 2017: Incidence of clinical mastitis and distribution of pathogens on
large Chinese dairy farmsJournal of Dairy Sciencel00 47974806.
http://dx.doi.org/10.3168/jds.20182334

Geary U, LopexVillalobos N, Begley N, McCoy F, O'Brien B, O'Grady L, Shalloo L
2012: Estimating the effect of mastitis on the profitability of Irish dairy farms.
Journal of Dairy Sance 95 36623673. http://dx.doi.org/10.3168/jds.2011
4863

Gebeyehu A, Taye M, Abebe R 2022: Isolation, molecular detection and antimicrobial
susceptibility profile ofSalmonellafrom raw cow milk ctlected from dairy
farms and households in southern EthiopgMC Microbiology 22 84.
http://dx.doi.org/10.1186/s1288822-025042.

Geletu US, Usmael MA, Ibrahim AM 2022: Isolation, Identificatiand Susceptibility
Profile of E. coli, Salmonella, and S. aureus in Dairy Farm and Their Public
Health Implication in Central Ethiopi&eterinary Medicine Internation&022
1887977 http://dx.doiorg/10.1155/2022/1887977

Getaneh AM, Gebremedhin EZ 2017: Meataalysis of the prevalence of mastitis and
associated risk factors in dairy cattle in Ethiofieopical Animal Health and
Production49 697-705. http://dx.doi.org/10.1007/s11250 7-1246-3.

Gindonis V, Taponen S, Myllyniemi AL, Pyo6rdla S, Nykasenoja S, Salmenlinna S,
Lindholm L, Rantala M 2013: Occurrence and characterization of methicillin
resistant staphylococci from bovine mastitislk samples in FinlandActa
Veterinaria Scandinavic5 61. http://dx.doi.org/10.1186/1750147-55-61.

Giovanni N, Elisa S, Marta C, Rosa F, Loredana C, Alessandra B, Antonio P 2020:
Occurrence ad characteristics of methicilliresistantStaphylococcus aureus

187


http://dx.doi.org/10.3390/vetsci10020092
http://dx.doi.org/10.3168/jds.2016-12512
http://dx.doi.org/10.3389/fvets.2021.742868
http://dx.doi.org/10.1093/advances/nmz019
http://dx.doi.org/10.3168/jds.2012-6091
http://dx.doi.org/10.3168/jds.2016-12334
http://dx.doi.org/10.3168/jds.2011-4863
http://dx.doi.org/10.3168/jds.2011-4863
http://dx.doi.org/10.1186/s12866-022-02504-2
http://dx.doi.org/10.1155/2022/1887977
http://dx.doi.org/10.1007/s11250-017-1246-3
http://dx.doi.org/10.1186/1751-0147-55-61

(MRSA) in buffalo bulk tank milk and the farm workers in Itallfood
Microbiology 91 103509 http://dx.doi.org/10.1016/j.fm.2020.23809

Godinho FMS, Krug M, Figueiredo RP, Miiller A, Jank L, Tomaszewski CA, Hillesheim
DR, Kinast E J, Frazzon APG, Motta AS 2020: Microbiological and
physicochemical characteristics of buffalo milk used for dairy products in
southern  Brazil. Journal of Dary Research 87 463468.
http://dx.doi.org/10.1017/s002202992000093x

Goma AA, Phillips CJC 2021: The impact of anthropogenic climate change on Egyptian
livestock productionAnimals (Basell1http://dx.doi.org/10.3390/ani11113127

Guccione J, D'Andrea L, Pesce A, Toni F, Borriello G, Salzano C, Diuccio F, Pascale M,
Ciaramella P 2020: Antibiotic dry buffalo therapy: effect of intramammary
admnistration of benzathine cloxacillin agair$staphylococcus aureusastitis
in dairy water buffaloBMC Vet Red6 191. http://dx.doi.org/10.1186/s12917
020-:024107.

Guha A, Guha R 2012: Companis 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 bubafifican Journal
of Agricultural Researcli 55785584.

Gulel GT, Gucukoglu A, Cadirci O, Saka E, Alisarli M 2020: Serotyping and antibiotic
resistance oListeria monocytogendsolated from raw water buffalo milk and
milk  products. Journal of Food Science 85 28892895.
http://dx.doi.org/10.1111/1758841.15376

Gunther J, Koy M, Berthold A, Schuberth HJ, Seyfert HM 2016: Comparison of the
pathogen speciespecific immune response in udder derived cell types and their
modelsVeterinary Resaah 47 22. http://dx.doi.org/10.1186/s1358¥16-0307
3.

Gurler H, Findik A, Sezener MG 2022: Determination of antibiotic resistance profiles
and biofilm production of Staphylococcus spp. isoldtedn Anatolian water
buffalo milk with subclinical mastitid?olish Journal of Veterinary Scienc2s
51-59. http://dx.doi.org/10.24425/pjvs.2022.140840

GuzmanHernandez R, Contrerd®odriguez A Hernande/elez R, PereMartinez I,
LopezMerino A, Zaidi MB, Estraddarcia T 2016: Mexican unpasteurised
fresh cheeses are contaminated wBdimonellaspp., norO157 Shiga toxin
producingEscherichia coliand potential uropathogertt coli strains: Apublic
health risk. International Journal of Food Microbiology237 10-16.
http://dx.doi.org/10.1016/j.ijfoodmicro.2016.08.018

Habib MR, Haque MN, Rahman A, Aftabuzzaman M, Ali MM, Shahja M 2017:
Dairy buffalo production scenario in Bangladesh: a revidsian Journal of
Medical and Biological Research 3 305-316.
http://dx.doi.org/10.3329/ajmbr.v3i3.34518

Habib MR, Khandakar MM, Islam MA, Sarkar MM, Alam MK, Rahman MK, Sharmin
MM, Hannan MM, Islam MA, Fisheries 2021: Status of the buffalo milk trade
and dairy manufacturing business at Bhola district of Bangladesh, and
opportunities for buffalo milk products brandinBesearch n Agriculture,
Livestock and Fisherie®301-310.

188


http://dx.doi.org/10.1016/j.fm.2020.103509
http://dx.doi.org/10.1017/s002202992000093x
http://dx.doi.org/10.3390/ani11113127
http://dx.doi.org/10.1186/s12917-020-02410-7
http://dx.doi.org/10.1186/s12917-020-02410-7
http://dx.doi.org/10.1111/1750-3841.15376
http://dx.doi.org/10.1186/s13567-016-0307-3
http://dx.doi.org/10.1186/s13567-016-0307-3
http://dx.doi.org/10.24425/pjvs.2022.140840
http://dx.doi.org/10.1016/j.ijfoodmicro.2016.08.018
http://dx.doi.org/10.3329/ajmbr.v3i3.34518

Halasa T, Huijps K, @steras O, Hogeveen H 2007: Economic effects of bovine mastitis
and mastitis management: a revieWeterinary Quarterly 29 18-31.
http://dx.doi.org/10.1080/01652176.2007.9695224

Hamed MI, Ziatoun A 2014: Prevalence Sfaphylococcus aurewssibclinical mastitis
in dairy buffalo farmslinternational Journal of Livestock ReseartR1-28.

Hameed S, Arshad M, Ashraf M, Avais ,MShahid M 2012: Crossectional
epidemiological studies on mastitis in cattle and buffalo of Tehsil Burewala,
PakistanJournal of Animal and Plant Scienc23371-376.

Hamel J, Zhang Y, Wente N, Kromker V 2020: NBnaureusstaphylococci (NAS) in
milk samples: Infection or contaminatios@terinary Microbiology242108594.
http://dx.doi.org/10.1016/j.vetmic.2020.108594

Hamid MA, Ahmed S, Rahman MA, Hossain KM 2016a: Status of buffalo ptiaduc
in Bangladesh compared to SAARC countrsian Journal of Animal Sciences
10313-329.http://dx.doi.org/10.3923/ajas.2016.313.329

Hamid MA, Siddiky MN, Rahman MA, Hossain KM 2016b: Scopes and opportunities
of buffalo farming in Bangladesh: A revie®WAARC Journal of Agricultur263-
77.

Hamiroune M, Berber A, Boubekeur S 2016: Evaluation of the bacteriological quality of
raw cow's rilk at various stages of the milk production chairfarms in Algeria.
The Scientific and Technical Review 35 925-946.
http://dx.doi.org/10.20506/rst.35.3.2580

Hand KJ, Godkin MA, Kelton DF 2012:h8rt communication: Bulk milk somatic cell
penalties in herds enrolled in Dairy Herd Improvement progradmstnal of
Dairy Sciencé5 240-242.http://dx.doi.org/10.3168/jds.2034642

Harizt AM, Malahubban M, SyedHussain SS, Ramanoon SZ, Sadiq MB, Sarbini SR,
Hassan MN, Mustafa S, Aziz NAA, Isa NMM, Nating WR, Asut R, Kamaludeen
J 2021: Gastrointestinal parasitic infections of buffaBuk@alus bubalis in
Sarawak Borneo: Prevalence, risk factors, d&aoming practices.Tropical
Biomedicine38 318-326. http://dx.doi.org/10.47665/th.38.3.0.72

Hayashi Y, Shah M, Kumagai H 2014: Changes of milk production and reproductive
performance of dairy buffalo in Nepal during recent 15 Yekrstnal of Buffalo
Science3 34. http://dx.doi.org10.6000/1927%520X.2014.03.02.1

Hegde NG 2019: Buffalo husbandry for sustainable development of small farmers in
india and other developing countrigssian Journal of Animal and Veterinary
Advances3 1-20.

Heredia N, Garcia S 2018: Animals as sourcefootl-borne pathogens: A review.
Animal Nutrition4 250-255. http://dx.doi.org/10.1016/j.aninu.2018.04.006

Hoque MN, Talukder AK, Saha O, Hasan MM, Sultana M, Rahman AA, Das ZC 2022:
Antibiogram and virulence profiling reveals multidrug resist8taphylococcus
aureusas the predominant aetiology of subclinical mastitis in riverine buffalo.
Veterinary Medicine and Scienhép://dx.doi.org/10.102/vms3.942

Huque K, Khan M 2017: Socigeographic distribution of livestock and poultry in
BangladestA review. Bangladesh Journal of Animal Sciernt®65-81.

189


http://dx.doi.org/10.1080/01652176.2007.9695224
http://dx.doi.org/10.1016/j.vetmic.2020.108594
http://dx.doi.org/10.3923/ajas.2016.313.329
http://dx.doi.org/10.20506/rst.35.3.2580
http://dx.doi.org/10.3168/jds.2011-4642
http://dx.doi.org/10.47665/tb.38.3.072
http://dx.doi.org/10.6000/1927-520X.2014.03.02.1
http://dx.doi.org/10.1016/j.aninu.2018.04.006
http://dx.doi.org/10.1002/vms3.942

Hussain A, Ahmad MJ-D, Mushtag MH, Chaudhry M, Khan MS, Reichel M, Hussain
T, Khan A, Nisar M Khan IA 2018: Prevalence of overall and teatwise mastitis
and effect of herd size in dairy buffalBakistan Journal of Zoology0 1107
1112.http://dx.doi.org/10.17582/journalz7p018.50.3.1107.1112

Hussain A, Shakoor A, Shahid MA, Numan M, Gulraiz F 2007: Clinical and subclinical
Staphylococcus aureushastitis in dairy buffalo: disease characteristics and
antibiotic susceptibility profiles of isolatdaiternational Journal oAgricultural
Research, Innovation and Technology 2 804-811.
http://dx.doi.org/10.3923/ijar.2007.804.811

Hussain R, Javed MT, Khan A, Muhammad G 2013: Risks factors associated with
subclinical mastis in water buffalo in PakistarTropical Animal Health and
Production4517231729.http://dx.doi.org/10.1007/s112811 3-0421-4.

Hussein HA, Fouad MT, Abd HRazik KA, Abo EtMaaty AM, D'Ambrosio C, Scaloni
A, Gomaa AM 2020: Study on prevalence and bacterial etiology of mastitis, and
effects of subclinical mastitis and stage of lactation on SCC in dairy goats in
Egypt. Tropical Animal Health and Production 52 3091-3097.
http://dx.doi.org/10.1007/s1125120-023315.

Ida JA, Wilson WM, Nydam DV, Gerlach SC, Kastelic JP, Russell ER, McCubbin KD,
Adams CL, Barkema HW 2023: Caxtualized understandings of dairy farmers'
perspectives on antimicrobial use and regulation in Alberta, Cadadanal of
Dairy Sciencel06547-564. http://dx.doi.org/10.3168/jds.20221521

Islam J, Islam FR, Jahan IL, Chaudhary PK, Anower AKMM 2019: Assessment of
subclinical mastitis in milch animals by different field diagnostic tests in Barishal
district of Bangladesh.AsianAustralasian Journal of Bioscience and
Biotechnologyt 24-33.

Islam KS Kabir M H B, Rahman M H, H KM 2016a: Status of buffalo diseases in
Bangladesh in relation to casual agents and predisposing fdatersational
Journal of Life Sciences and Technol®34.

Islam M, Kabir S, Rahman M 2016b: Molecular detection andradterization of
Staphylococcus aureus isolated from raw milk sold in different markets of
BangladeshBangladesh Journal of Veterinary Medici277-282.

Islam MA, Mondol AS, Boer Ed, Beumer RR, Zwietering MH, Talukder KA, Heuvelink
AE 2008: Prevalere and genetic characterization of Shiga texiaducing
Escherichia coliisolates from slaughtered animals in Bangladégiplied and
Environmental Microbiology 74 54145421.
http://dx.doi.org/doil0.1128/AEM.00854D8.

Islam MA, Roy S, Nabi A, Solaiman S, Rahman M, Hug M, Siddiquee NA, Ahmed N
2018: Microbiological quality assessment of milk at different stages of the dairy
value chain in a developing country settingternational Journal of Food
Microbiology27811-19. http://dx.doi.org/10.1016/j.ijfoodmicro.2018.04.028

Islam SKS, Chakma S, Akhter A, Ibrahim N, Sarker NH 2017: Livestock associated
epidemiological information prding in New Sandwip Island (Jahajerchar) of
the Meghna estuary, Noakhali using participatory disease searchingptawial
of Advanced Veterinary and Animal Researcht 267-273.
http://dx.doi.org/D.5455/javar.2017.d222

190


http://dx.doi.org/10.17582/journal.pjz/2018.50.3.1107.1112
http://dx.doi.org/10.3923/ijar.2007.804.811
http://dx.doi.org/10.1007/s11250-013-0421-4
http://dx.doi.org/10.1007/s11250-020-02331-5
http://dx.doi.org/10.3168/jds.2021-21521
http://dx.doi.org/doi:10.1128/AEM.00854-08
http://dx.doi.org/10.1016/j.ijfoodmicro.2018.04.028
http://dx.doi.org/10.5455/javar.2017.d222

1SO:48331 2013: Microbiology of the food chdihorizontal method for the
enumeration of microorganisiiggart 1: colony count at 30 degrees c by the pour
plate technique. Accessed on 02 July 2022.
https://www.iso.org/standard/53728.html

Jaakkonen A, Castro H, Hallanvuo S, Ranta J, Rossi M, Isidro J, Lindstrom M, Hakkinen
M 2019: Longitudinal study of Shiga toxproducing Escherichia coliand
Campylobacter jejunon Finnish Daiy Farms and in Raw MilkApplied and
Environmental Microbiolog5 http://dx.doi.org/10.1128/aem.02918.

Jabari S, Eslami M, Chaji M, Mohammadabadi T, Bojarpour M 2014: Comparison
digestibility and potozoa population of Khuzestan water buffalo and Holstein
cow. Veterinary Research Forut295-300.

Jackson A, Green MJ, Kaler J 2022: Fellow cows and conflicting farmers: Public
perceptions of dairy farming uncovered through frame analifsmtiers in
Veterinary SciencB 995240 .http://dx.doi.org/10.3389/fvets.2022.995240

Jackson D, White IR 2018: When should rratelysis avoid making hidden normality
assumptions? Biometrical Journal 60 1040-1058.
http://dx.doi.org/https://doi.org/10.1002/bim{.201800071

Jamali H, Barkema HW, Jacques M, LavalBaurget EM, Malouin F, Saini V, Stryhn
H, Dufour S 2018: Invited review: Incidence, risk factors, and effects of clinical
mastitis recurrence in dairy cowdournal of Dairy Sciencd01 47294746.
http://dx.doi.org/10.3168/jds.20413730Q

Javed S, McClure J, Syed MA, Obasuyi O, Ali S, Tabassum S, Ejaz M, Zhang K 2022:
Epidemiology and molecular characterizatiorStdiphylococcus aureuwsusing
mastitis in wate buffalo from the Hazara division of Khyber Pakhtunkhwa,
Pakistan. PL0S One 17 e0268152.
http://dx.doi.org/10.1371/journal.pone.0268152

Jhambh R, Dimri U, Gopalakrishnan A, Singh M, Chhab20R7: Prevalence and risk
factors of subclinical mastitis in buffalo at an organized dairy farm in western
HaryanaHaryana Veterinariarb6 189-193.

Joshi H, Tanwar R, Chahar A 2013: Prevalence ofctimixal mastitis in buffalo.
Veterinary Practitionerl4 377-378.

Kapila N, Sharma A, Kishore A, Sodhi M, Tripathi PK, Mohanty AK, Mukesh M 2018:
Correction: Impact of heat stress on cellular and transcriptional adaptation of
mammary epithelial cells in riverine buffal@balus Bubalis PLoS Onel3
€0191380. http://dx.doi.org/10.1371/journal.pone.0191380

Kapila R, Kavadi PK, Kapila S 2013: Comparative evaluation of allergic sensitization to
milk proteins of cow, buffalo and go&mall RuminahResearci12191-198.
http://dx.doi.org/10.1016/j.smallrumres.2012.11.028

Kappeli N, Morach M, Zurfluh K, Corti S, Nues¢hderbinen M, Stephan R 2019:
Sequence types and antimicrobiabkistance profiles oBtreptococcus uberis
isolated from bovine mastitisFrontiers in Veterinary Sciences 234.
http://dx.doi.org/10.3389/fvets.2019.00234

Kashoma IP, Kassem, Il, John J, Kes{,B5ebreyes W, Kazwala RR, Rajashekara G
2016: Prevalence and antimicrobial resistance of campylobacter isolated from

191


https://www.iso.org/standard/53728.html
http://dx.doi.org/10.1128/aem.02910-18
http://dx.doi.org/10.3389/fvets.2022.995240
http://dx.doi.org/https:/doi.org/10.1002/bimj.201800071
http://dx.doi.org/10.3168/jds.2017-13730
http://dx.doi.org/10.1371/journal.pone.0268152
http://dx.doi.org/10.1371/journal.pone.0191380
http://dx.doi.org/10.1016/j.smallrumres.2012.11.028
http://dx.doi.org/10.3389/fvets.2019.00234

dressed beef carcasses and raw milk in Tanzihdaobial Drug Resistancg2
40-52. http://dx.doi.org/10.1089/mdr.2015.0079

Kaur G, Bansal BK, Singh RS, Kashyap N, Sharma S 2018: Associations of teat
morphometric parameters and subclinical mastitis in riverine buffalanal of
Dairy Researct85 303-308. http://dx.da.org/10.1017/s0022029918000444

Kazak F, Yarim GF, Gokceoglu A, Delmecioglu MK, Yarim M 2022: Epidermal growth
factor concentration in milk of healthy water buffal@upalus bubalis
Veterinary Research Forum 13 593-596.
http://dx.doi.org/10.30466/vrf.2021.528757.3167

Keane OM 2019: Symposium review: Intramammary infectidiagor pathogens and
strainassociated complexityJournal of Dairy Sciencel02 47134726.
http://dx.doi.org/10.3168/jds.20185326

Kebede T, Afera B, Taddele H, Bsrat A 2014: Assessment of bacteriological quality of
sold meat in the butcher shops of Adigrat, Tigray, Ethioppplied Jourml of
Hygiene3 38-44.

Keviletsu K, Yadav B 2010: Incidence of mastitis in Sahiwal cattle and Murrah buffalo
of a closed organized hertihe Indian Journal of Animal Scienc&3467-469.

Kh'ng K, Chang CC, Hsu SH 2022: Implications of food and nutriseaurity on
household food expenditure: the case of Malaysigiculture and Food Security
11 30. http://dx.doi.org/10.1186/s40082 20036 4.

Khademi P, Ownagh A, Mardani K, Khalili M 2019:eévalence ofCoxiella burnetiiin
milk collected from buffalo (water buffalo) and cattle dairy farms in Northwest
of Iran. Comparative Immunology, Microbiology and Infectious Dised&és
101368 http://dx.doi.org/10.1016/j.cimid.2019.101368

Khaldi Z, Nafti M, Jilani MT 2022: Baseline composition and microbial quality
assessment of raw milk from small ruminants and Maghrebi camels in the oasis
area of Tunisia. Tropical Animal Health and Production54 391.
http://dx.doi.org/10.1007/s1125122-03408z.

Khan A, Durrani AZ, Yousaf A, Khan JA, Chaudhry M, Khan MA, Habibunnabi, Khan
A 2019: Epidemiology of bovine stddinical mastitis in pothadr region, Punjab,
Pakistan in 2018. Pakistan Journal of Zoology 51 1667%1674.
http://dx.doi.org/10.17582/journal.pjz/2019.51.5.1667.1674

Khan JA, Rathore RS, Ahmad I, Gill R, Hus&M, Arshad M, Alam P, Albalawi T, Al
Kheraif A, Akhtar J, Albarakaty FM, Neyaz LA, Elbanna K, Abulreesh HH 2022:
Assessment of foodborne bacterial pathogens in buffalo raw milk using
polymerase chain reaction based ass@mpdborne Pathogens and Disedk@
750-757.http://dx.doi.org/10.1089/fpd.2022.0044

Khan M 2002: Dairy animals/Water Buffal@Vater buffalo Elsevier Health Sciences,
3251 Riverport Lane St. Louis, Missouri 63043, United States.

Khaton R, Hasnat M, Rahman S, Rahman M 2014: Public health safety in relation to
microbiological quality of freshly drawn cow's milk in Bangladd8angladesh
Journal of Veterinary Medicing2 231-236.

Khatun MA, Rashid MB, Hygen HO 2016: Climate of Baadgsh.Bangladesh
Meteorological Department Technical Rep158.

192


http://dx.doi.org/10.1089/mdr.2015.0079
http://dx.doi.org/10.1017/s0022029918000444
http://dx.doi.org/10.30466/vrf.2021.528757.3167
http://dx.doi.org/10.3168/jds.2018-15326
http://dx.doi.org/10.1186/s40066-022-00367-4
http://dx.doi.org/10.1016/j.cimid.2019.101368
http://dx.doi.org/10.1007/s11250-022-03408-z
http://dx.doi.org/10.17582/journal.pjz/2019.51.5.1667.1674
http://dx.doi.org/10.1089/fpd.2022.0044

Kirkeby C, Zervens L, Toft N, Schwarz D, Farre M, Hechinger S, Halasa T 2019:
Transmission dynamics &taphylococcus aurewdgthin two Danish dairy cattle
herds. Journal of Dairy Science 102 14281442.
http://dx.doi.org/10.3168/jds.20185106

Knight-Jones TJ, Hang'ombe MB, Songe MM, Sinkala Y, Grace D 2016: Microbial
contamination and hygiene of fresh cow's milk produced by snt@disin
western Zambialnternational Journal of Environmental Research and Public
Health 13 http://dx.doi.org/10.3390/ijerph130707.37

Koop G, Nielen M, van Werven T 2009: Bulk milk somatic cell mtsuare related to
bulk milk total bacterial counts and several hiereel risk factors in dairy goats.
Journal of Dairy Science2 43554364. http://dx.doi.org/10.3168/jds.2009
2106

Krishna KSS, Swsh K, Sreenu M, Sundar NS 2014: Prevalence of subclinical
hypocalcaemia and subclinical ketosis in buff@offalo Bulletin33 107-110.

Krishnamoorthy P, Goudar AL, Suresh KP, Roy P 2021l1a: Global and countrywide
prevalence of subclinical and clinical mastitis in dairy cattle and buffalo by
systematic review and megaalysis.Research in Veterinary Scient86 561-

586. http://dx.doi.org/10.1016/j.rvsc.2021.04.021

Krishnamoorthy P, Suresh KP, Jayamma KS, Shome BR, Patil SS, Amachawadi RG
2021b: An understanding of the global status of major bacterial pathogens of milk
concerning bvine mastitis: A systematic review and matalysis
(Scientometrics)Pathogend 0 http://dx.doi.org/10.3390/pathogens10050545

Krukowski H, Bakuga -Xencdl l4, BagielskiMQ20: OHe érst d e r
outbreak of methicillirresistantStaphylococcus aureurs dairy cattle in Poland
with evidence of offarm and intrahousehold transmissidwournal of Dairy
Sciencel031057#10584.http://dx.doi.org/10.3168/jds.20218291

Kumar AP 2009: Evaluation of PCR test for detecting major pathogens of bubaline
mastitis directly from mastitic milk samples of buffaldopical Animal Health
and Productiom1 16431651.http://dx.doi.org/10.1007/s1128W9-9360-5.

Kumar M, Kumar R, Sharma A, Jain V 2007: Investigations on prevalence and oxidative
stress aspects of mastitis in buffdtalian Journal of Animal Sciend&978-979.

Kumar P, Ravindra K, Abhishek K, Verma R 2008: Bacteriological examination of
mastitis in buffaloProgressive Resear@224.

Lam TJ, van Vliet JH, Schukken YH, Grommers FJ, van VeRlesscher A, Barkema
HW, Brand A 1997: The effect of discontinuation of {pogking teat disinfection
in low somatic cell count herds. I. Incidence of clinical mastiisterinary
Quarterly1941-47. http://dx.doi.org/10.1080/01652176.1997.9694738

Lamey A, Ammar AM Zaki E, Khairy N, Moshref BS, Refai MK 2013: Virulence
factors of Escherichia coliisolated from recurrent cases of clinical and
subclinical mastitis in buffaldtalian Journal of Animal Scienc&86-94.

Landin H, Carlsson J, Hennum®, Katholm J, Kutas L, Persson Y, PlysRorshell K,
Rattenborg E, Sandgren C, Solverod L, Whist A 2011: Nordic guidelines for
mastitis therapy3™ International Symposiungt. Louis, Missouri, USA.

193


http://dx.doi.org/10.3168/jds.2018-15106
http://dx.doi.org/10.3390/ijerph13070737
http://dx.doi.org/10.3168/jds.2009-2106
http://dx.doi.org/10.3168/jds.2009-2106
http://dx.doi.org/10.1016/j.rvsc.2021.04.021
http://dx.doi.org/10.3390/pathogens10050545
http://dx.doi.org/10.3168/jds.2020-18291
http://dx.doi.org/10.1007/s11250-009-9360-5
http://dx.doi.org/10.1080/01652176.1997.9694738

Lauer Cruz K, de Souza da Motta A 2019: Characterization of biofilm ptioduby
Pseudomonas fluorescens isolated from refrigerated raw buffaloJmilknal of
Food Science and Technolo§§ 45954604.http://dx.doi.org/10.1007/s13197
019-039241.

LDDP 2019: UnioAdbased | i vestock and domestic Dbirds
financial year 20120. Livestock and Dairy Development Project, Department
of Livestock Servicedrarmgate, Dhaka, BangladesAccessed on 20 October
2022.
http://Iddp.portal.gov.bd/sites/default/files/files/Iddp.portal.gov.bd/npfblock/3ef
283ce_793d_43b5_946)ad8b776e791/20229-07-07-48
ab440b7208f7eb36419147f82fd001f7.pdf

Le Loir Y, Baron F, Gautier M 2003Staphylococcus aureusnd food poisoning.
Genetics and Molecular Resear263-76.

Lemma F, Alemayehu H, Stringer A, Eguale T 2021: Prevalence and antimicrobial
susceptibility profile of Staphylococcus aureugn milk and traditionally
processed dairy products in Addis Ababa, EthiopgioMed Research
International20215576873 http://dx.doi.org/10.1155/2021/5576873

Leuenberger A, Sartori C, Boss R, Resch G, Oechslin F, Steiner A, Moreillon P, Graber
HU 2019: Genotypes @taphylococcus aureu®nfarm epidemiology and the
consequeres for prevention of intramammary infection®urnal of Dairy
Sciencel0232953309.http://dx.doi.org/10.3168/jds.20485181

Li N, Richoux R, Boutinaud M, Martin P, Gagnaire V 2014: Role of samzlls on
dairy processes and products: a reviBairy Science and Technolo@y 517-
538. http://dx.doi.org/10.1007/s13591 40176 3.

Liu D, Lawrence ML, Ainsworth AJ, Austin FW 2005: Comparatassessment of acid,
alkali and salt tolerance lasteria monocytogenesrulent and avirulent strains.
FEMS Microbiology Letters 243 373378.
http://dx.doi.org/https://doirg/10.1016/j.femsle.2004.12.025

Liu H, Meng L, Dong L, Zhang Y, Wang J, Zheng N 2021: Prevalence, antimicrobial
susceptibility, and molecular characterizationestherichia coliisolated from
raw milk in dairy herds in northern Chirfacontiers in Microbology 12 730656.
http://dx.doi.org/10.3389/fmicb.2021.730656

Locatelli C, Cremonesi P, Caprioli A, Carfora V, lanzano A, Barberio A, Morandi S,
Casula A, Castiglioni B, Bronzo V, Moroni P 2010ccurrence of methicillin
resistantStaphylococcus aureus dairy cattle herds, related swine farms, and
humans in contact with herdslournal of Dairy Sciencel00 608619.
http://dx.doi.org/10.31681s.201611797

Locatelli C, Piepers S, De Vliegher S, Barberio A, Supré K, Scaccabarozzi L, Pisoni G,
Bronzo V, Haesebrouck F, Moroni P 2013: Effect on quarter milk somatic cell
count and antimicrobial susceptibility o$taphylococcus rostricausing
intramammary infection in dairy water buffaldournal of Dairy Scienc®6
37993805.http://dx.doi.org/10.3168/jds.2016275

Lopes WD, Monte DFMd, de Leon CMGC, Moura JFPd, Silva NMVd, Queiroga
RACRdE,Gonzaga Neto S, Givisiez PEN, Pereira WE, Oliveira CJBd 2021:
Logistic regression model reveals major factors associated with total bacteria and

194


http://dx.doi.org/10.1007/s13197-019-03924-1
http://dx.doi.org/10.1007/s13197-019-03924-1
http://lddp.portal.gov.bd/sites/default/files/files/lddp.portal.gov.bd/npfblock/3ef283ce_793d_43b5_946f_0ad8b776e791/2022-09-07-07-48-ab440b7208f7eb36419147f82fd001f7.pdf
http://lddp.portal.gov.bd/sites/default/files/files/lddp.portal.gov.bd/npfblock/3ef283ce_793d_43b5_946f_0ad8b776e791/2022-09-07-07-48-ab440b7208f7eb36419147f82fd001f7.pdf
http://lddp.portal.gov.bd/sites/default/files/files/lddp.portal.gov.bd/npfblock/3ef283ce_793d_43b5_946f_0ad8b776e791/2022-09-07-07-48-ab440b7208f7eb36419147f82fd001f7.pdf
http://dx.doi.org/10.1155/2021/5576873
http://dx.doi.org/10.3168/jds.2018-15181
http://dx.doi.org/10.1007/s13594-014-0176-3
http://dx.doi.org/https:/doi.org/10.1016/j.femsle.2004.12.025
http://dx.doi.org/10.3389/fmicb.2021.730656
http://dx.doi.org/10.3168/jds.2016-11797
http://dx.doi.org/10.3168/jds.2012-6275

somatic cell counts in goat bulk milemall Ruminant Researd®8 106360.
http://dx.doi.org/https://doi.org/10.1016/j.smallrumres.2021.106360

Madhaiyan M, Wirth JS, Saravanan VS 2020: Phylogenomic analyses of the
Staphylococcaceae family suggest the reclassification of five speitan the
genusStaphylococcuas heterotypic synonyms, the promotion of five subspecies
to novel species, the taxonomic reassignment of Sikeghylococcuspecies to
Mammaliicoccugien. nov., and the formal assignmeniosocomiicoccut the
family StaphylococcaceaeThe International Journal of Systematic and
Evolutionary Microbiology 70 59265936.
http://dx.doi.org/10.1099/ijsem.0.004498

Maiti S, Neelesh S, Awdsi B 2003: Studies on incidence of subclinical mastitis (SCM)
in cattle and buffalo of durg area of Chhattisg&féterinary Practitioned 123
124.

Malik MH, Verma HK 2017: Prevalence, economic impact and risk factors associated
with mastitis in dairy aimals of Punjablndian Journal of Animal Scienc&
14521456.

Malmarugan S, Arthanarieswaran M, Suresh P 2010: PCR based detection of coagulase
gene encodingtaphylococcus aureusolated from subclinical mastitis cases in
buffalo. The Indian Journabf Veterinary Sciences and Biotechnol&gy3-54.

Mansour AS, Wagih GE, Morgan SD, Elhariri M-&habrawy MA, Abuelnaga ASM,
Elgabry EA 2017: Detection @taphylococcus aure@nterotoxigenic strains in
bovine raw milk by reversed passive latex agghtibpn and multiplex
polymerase  chain reaction. Veterinary = World 10 843847.
http://dx.doi.org/10.14202/vetworld.2017.8837.

Marai IFM, Haeeb AAM 2010: Buffalo's biological functions asaféd by heat stress
- A review. Livestock Science 127 89-109.
http://dx.doi.org/10.1016/j.livsci.2009.08.001

Mason IL 1951: A world dictionary of breeds types and varieties of livestock.
Comnonwealth Bureau of Animal Breeding and Geneieg'2.

Medeiros ES, Freitas MF, Saukas TN, Azevedo SS, Pinheiro Junior JW, Brandespim DF,
Neto OLdS, Mota RA 2011: Risk factors associated with buffalo mastitis in the
Brazilian NortheastBrazilian Journalof Veterinary ResearcBil 499-504.

Medhammar E, WijesinhBettoni R, Stadlmayr B, Nilsson E, Charrondiere UR,
Burlingame B 2012: Composition of milk from minor dairy animals and buffalo
breeds: a biodiversity perspectiveurnal of the Science of FooddAgriculture
92445474 .http://dx.doi.org/10.1002/jsfa.4690

Mee'aad KAK, Azhar NH, Ali MA-M 2018: Detection of Hactamases producing
Methicillin-ResistantStaphylococcus aureyMRSA). Al-QadisiyahJournal of
Pure Scienc@3 http://dx.doi.org/10.29350/jops.2018.23.2.767

Mehta BM 2009: 21- Butter, Butter Oil, and Ghe&ourmet and Healt#Promoting
Specialty Oils American Oil Chemists' $tety Press, Anan@88 110, Gujarat,
India. 527559.

Merle R, Schroder A, Hamann J 2007: Cell function in the bovine mammary gland: a
preliminary study on interdependence of healthy and infected udder quarters.

195


http://dx.doi.org/https:/doi.org/10.1016/j.smallrumres.2021.106360
http://dx.doi.org/10.1099/ijsem.0.004498
http://dx.doi.org/10.14202/vetworld.2017.843-847
http://dx.doi.org/10.1016/j.livsci.2009.08.001
http://dx.doi.org/10.1002/jsfa.4690
http://dx.doi.org/10.29350/jops.2018.23.2.767

Journal of Dairy Research 74 174179.
http://dx.doi.org/10.1017/s002202990600238x

Mhone TA, Matope G, Saidi PT 2011: Aerobic bacterial, colifdéstgherichia coland
Staphylococcus aureusounts of raw and processed milk from selected
smalholder dairy farms of Zimbabwelnternational Journal of Food
Microbiology151223-228.http://dx.doi.org/10.1016/}.ijffoodmicro.2011.08.028

Minervino AH, Zava M, Vecchio D, Borghese A 2@ Bubalus bubalisA short story.
Frontiers in Veterinary Science 7 570413.
http://dx.doi.org/10.3389/fvets.2020.570413

Minervino AHH, Vecchio D, Jorge AM, Headley SA 2021: Editorial: Buffalo health and
production.  Frontiers in Veterinary Science 8 810923.
http://dx.doi.org/10.3389/fvets.2021.810923

Mistry TB, Pael ND, Shaikh NM 2015: Bacteriological quality of raw buffalo milk from
different villages in Bardoli, Gujarat, Indidnternational Journal of Current
Microbiology and Applied Sciencds374-884.

Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Bettv M, Shekelle P, Stewart
LA, Group RP 2015: Preferred reporting items for systematic review and meta
analysis protocols (PRISMR) 2015 statementSystematic Reviewd 1.
http://dx.doi.org/10.118@04640534-1.

Monnet C, Landaud S, Bonnarme P, Swennen D 2015: Growth and adaptation of
microorganisms on the cheese surfd€EMS Microbiology Letters362 1-9.
http://dx.doi.org/10.1093/femsle/fn2Bb.

Moradi M, Omer AK, Razavi R, Valipour S, Guimardes JT 2021: The relationship
between milk somatic cell count and cheese production, quality and safety: A
review. International Dairy Journal 113 104884.
http://dx.doi.org/https://doi.org/10.1016/j.idairyj.2020.104384

Morgan AD, Brockhurst MA, LopePascua LD, Pal C, Buckling A 2007: Differential
impact of simultaneous migration on coevolving hosts and paras8ids
Evolutiorary Biology7 1. http://dx.doi.org/10.1186/14721487-1.

Moroni P, Nydam DV, Ospina PA, ScillieBmith JC, Virkler PD, Watters RD,
Welcome FL, Zurakowski MJ, Ducharme NG, Yeager AE, 201@Bea®s of
the teats and udder. In: Peek, S.F., Divers, T.J. (Eds.), Rebhun's diseases of dairy
cattle (Third Edition). Elsevier, 38965.

Moroni P, Pisoni G, Antonini M, Ruffo G, Carli S, Varisco G, Boettcher P 2005a:
Subclinical mastitis and antimicrobial susceptibility @thphylococcus caprae
andStaphylococcus epidermidsolated from two Italian goat herd®ournal of
Dairy Science 88 16941704.
http://dx.doi.org/https://doi.org/10.3168/jds.S0823202(05)728441.

Moroni P, Pisoni G, Ruffo G, Boettcher PJ 2005b: Risk factors for intramammary
infections ad relationship with somaticell counts in Italian dairy goats.
Preventive Veterinary Medicine 69 163173.
http://dx.doi.org/10.1016/j.prevetmed.2004.10.013

Moroni P, Sgoifo Rossi C, Piso®, Bronzo V, Castiglioni B, Boettcher PJ 2006:
Relationships between somatic cell count and intramammary infection in buffalo.

196


http://dx.doi.org/10.1017/s002202990600238x
http://dx.doi.org/10.1016/j.ijfoodmicro.2011.08.028
http://dx.doi.org/10.3389/fvets.2020.570413
http://dx.doi.org/10.3389/fvets.2021.810923
http://dx.doi.org/10.1186/2046-4053-4-1
http://dx.doi.org/10.1093/femsle/fnu025
http://dx.doi.org/https:/doi.org/10.1016/j.idairyj.2020.104884
http://dx.doi.org/10.1186/1471-2148-7-1
http://dx.doi.org/https:/doi.org/10.3168/jds.S0022-0302(05)72841-1
http://dx.doi.org/10.1016/j.prevetmed.2004.10.013

Journal of Dairy Science89 9981003. http://dx.doi.org/10.368/jds.S0022
0302(06)721658.

Mpatswenumugabo JPM, Bebora LC, Gitao GC, Mobegi VA, Iraguha B, Shumbusho B
2019: Assessment of bacterial contamination and milk handling practices along
the raw milk market chain in the nontfestern region of Rwandafrican
Journal of Microbiology Researct3 640-648.

Muhammad G, Naureen A, Asi MN, Saqgib M, Fazal ur R 2010: Evaluation of a 3% surf
solution (surf field mastitis test) for the diagnosis of subclinical bovine and
bubaline mastitis.Tropical Animal Health and ®duction 42 457-464.
http://dx.doi.org/10.1007/s1128W09-9443 3.

Mujeeb S, Digraskar SU, Awaz KB 2009: Evaluation of buffalo milk with reference to
somatic cell count and antitrypsivieterinary World2 267-268.

Murphy SC 1997: Raw milk bacteria tests: Standard plate count, preliminary incubation
count, lab, pasteuriian count and coliform count. What do they mean for your
farm?National Mastitis CouncilMadison, WI, New York34i 41.

Nahar A, Mila FA, Culas RJ, Amin MR 2022: Assessing the factors and constraints for
value chain development of dairy food products ian@ladeshHeliyon 8
10787 http://dx.doi.org/10.1016/j.heliyon.2022.e10787

Nanda AS, Nakao T 2003: Role of buffalo in the socioeconomic development of rural
Asia: Current status and futupeospectusAnimal Science Journdl4 443-455.
http://dx.doi.org/https://doi.org/10.1046/].138941.2003.00138.x

Ndahetuye JB, Artursson K, Bage R, Ingabire A, Karege j@xdgwani J, Nyman AK,
Ongol MP, Tukei M, Persson Y 2020a: MILK Symposium review:
Microbiological quality and safety of milk from farm to milk collection centers
in  Rwanda. Journal of Dairy Scienceis 103 97309739.
http://dx.doi.org/10.3168/jds.2021B302

Ndahetuye JB, Twambazimana J, NymaK AKarege C, Tukei M, Ongol MP, Persson
Y, Bage R 2020b: A cross sectional study of prevalence and risk factors
associated with subclinical mastitis and intramaary infections, in dairy herds
linked to milk collection centers in Rwand&eventive Veterinary Medicirir9
105007 http://dx.doi.org/10.1016/j.prevetmed.2020.105007

NeculatValeanu AS,Ariton AM 2022: Udder health monitoring for prevention of
bovine mastitis and improvement of milk qualitgioengineering (Basel®
http://dx.doi.org/10.3390/bioengineering9110608

Ngassam Tieamba C, Rao AS, Boyen F, Haesebrouck F, Duprez JN, Théron L, Thiry D,
Mainil JG 2019: Comparison of quantitative PCR and MAIIMF mass
spectrometry assays for identification of bacteria in milk samples from cows with
subclinical mastitis. Journal of Apped Microbiology 127 683-692.
http://dx.doi.org/10.1111/jam.14358

NMC 2022: Recommended 4bint mastitis control program (International version).
National Mastitis CouncilNew Prague, MN 56071 USAccessed on 16 October
2022. https://www.nmconline.org/wp
content/uploads/2016/08/RECOMMENDHEBASTITIS-CONTROL-
PROGRAMInternational.pdl

197


http://dx.doi.org/10.3168/jds.S0022-0302(06)72165-8
http://dx.doi.org/10.3168/jds.S0022-0302(06)72165-8
http://dx.doi.org/10.1007/s11250-009-9443-3
http://dx.doi.org/10.1016/j.heliyon.2022.e10787
http://dx.doi.org/https:/doi.org/10.1046/j.1344-3941.2003.00138.x
http://dx.doi.org/10.3168/jds.2020-18302
http://dx.doi.org/10.1016/j.prevetmed.2020.105007
http://dx.doi.org/10.3390/bioengineering9110608
http://dx.doi.org/10.1111/jam.14358
https://www.nmconline.org/wp-content/uploads/2016/08/RECOMMENDED-MASTITIS-CONTROL-PROGRAM-International.pdf
https://www.nmconline.org/wp-content/uploads/2016/08/RECOMMENDED-MASTITIS-CONTROL-PROGRAM-International.pdf
https://www.nmconline.org/wp-content/uploads/2016/08/RECOMMENDED-MASTITIS-CONTROL-PROGRAM-International.pdf

Nonnemann B, Lyhs U, Svennesen L, Kristensen KA, Klaas IC, Pedersen K 2019:
Bovine mastitis bacteria resolved by MALDDF mass spectrometryournal
of Dairy Sciencd 0225152524.http://dx.doiorg/10.3168/jds.20185424

Norman H, Cooper T, Ross J 2013: Somatic cell counts of milk from Dairy Herd
Improvement herds during 2012. United States Department of Agriculture
(USDA), Animal Improvement Programs Laboratory (AIPL) Research Report

Norman H,Miller R, Cooper T 2019: Somatic cell counts of milk from Dairy Herd
Improvement herds during 2018. United States Department of Agriculture
(USDA), Animal Improvement Programs Laboratory (AIPL) Research Report

Oikonomou G, Bicalho ML, Meira E, Rossi REgditsch C, Machado VS, Teixeira AG,
Santisteban C, Schukken YH, Bicalho RC 2014: Microbiota of cow's milk;
distinguishing healthy, sudlinically and clinically diseased quarteP.oS One
9 e85904 http://dx.doi.org/10.1371/journal.pone.0085904

Okano W, Junior CK, Bogado ALG, Negri Filho LC, Bronkhorst DE, Borges MHF,
Junior FAB, dos Santos Diniz M, de Santana EHW, da Silva CB 2015:
Relatonship between shape of teat and teat tip and somatic cell count (SCC) in
dairy cows Acta Scientiae Veterinaria&3 1-6.

Olde Riekerink RG, Barkema HW, Stryhn H 2007: The effect of season on somatic cell
count and the incidence of clinical mastitisumal of Dairy Scienc®0 1704
1715.http://dx.doi.org/10.3168/jds.206857.

Ombui JN, Kaburia HF, Macharia JK, Nduhiu G 1994: Coliform count&satierichia
coliin raw commercial milk from dairy farme in Kiambu District, KenyaEast
African Medical Journalf1 635-639.

Paixdo MG, Abreu LR, Richert R, Ruegg PL 2017: Milk composition and health status
from mammary gland quarters adjacent to glands affected with naturally
occurring clinical mastitis. Journal of Dairy Science1l00 75227533.
http://dx.doi.org/10.3168/jds.20112547

Panchal I, Sawhney I, Dang A 2016: Relation between electrical conductivity, dielectric
constant, somatic cell countcaeome other milk quality parameters in diagnosis
of subclinical mastitis in Murrah buffalmdian Journal of Dairy Sciend@9 267
271.

Pardo BR, Mendoz&anchez G, Nader Filho A, Santos T, Langoni H, Tonhati H,
Ferreira E, Ravena D, Oliveira M, Sturibr2007: Microbiological evaluation of
milk samples positive to California mastitis Test in dairy buffalo cd&duballus
bubalig. Italian Journal of Animal Sciend®884-887.

Parvej MS, Alam MA, Shono M, Zahan MN, Masuma Parvez MM, Ansari WK, Jowel
MS, Uddin MS, KageNakadai E, Rahman MT, Nishikawa Y 2020: Prevalence
of virulence genes of diarrheagertischerichia colin fecal samples obtained
from cattle, poultry and diarrheic patients in Bangladdsipanese Journal of
Infectious Diseases3 76-82. http://dx.doi.org/10.7883/yoken.JJID.2019.016

Pasquini M, Osimani A, Tavoletti S, Moreno I, Clementi F, Trombetta MF 2018: Trends
in the quality and hygiene parameters of bulk Italian Mediterramegdialo
(Bubalus bubalismilk: A three year studyAnimal Science Journ&9 176-185.
http://dx.doi.org/10.1111/asj.12916

198


http://dx.doi.org/10.3168/jds.2018-15424
http://dx.doi.org/10.1371/journal.pone.0085904
http://dx.doi.org/10.3168/jds.2006-567
http://dx.doi.org/10.3168/jds.2017-12547
http://dx.doi.org/10.7883/yoken.JJID.2019.016
http://dx.doi.org/10.1111/asj.12916

Patbandha TK, Marandi S, Ravikala K, Pathak R, Maharana BR, Murthy KS 2015:
Association of milk components with intrmammary inflammation in Jaffrabadi
buffalo. Veterinary World 8 989993.
http://dx.doi.org/10.14202/vetworld.2015.9893

Patel R, Kunjadia P, Koringa Boshi C, Kunjadiya A 2019: Microbiological profiles in
clinical and subclinical cases of mastitis in milking Jafarabadi bufiRdsearch
in Veterinary Scienc&2594-99. http://dx.doi.org/10.Q16/j.rvsc.2019.05.012

Paul O, Chowdhury S, Nath S, Singha S, Eima F, Akter S, Bari S, Debnath N, Biswas P,
Hoque M, Rahman M, Hossain D, Khatun M, Islam M, Alam M, Ahmed S,
Hossain M, Biswas D, Juli S, Karim M, Sayeed M, Hossain M, Amin M, Hug M,
RahmanM, Kamaruddin K, Mansor R, Sivaraman S, Ahmed A, Pathirana I,
Fernando P, White E, Derks M, Koop G, Persson Y 2019: Clinical mastitis
decision tree: A guideline for field veterinarians, and dairy farmers to improve
udder health of dairy cows in Bangladestbth BSVER Annual Scientific
ConferenceBangladesh Agricultural University

Peeler EJ, Green MJ, Fitzpatrick JL, Morgan KL, Green LE 2000: Risk factors associated
with clinical mastitis in low somatic cell count British dairy herdsurnal of
Dairy  Science 83 24642472. http://dx.doi.org/10.3168/jds.S0022
0302(00)75134.

Pegolo S, Tessari R, Bisutti V, Vanzin A, Giannuzzi D, Gianesella M, Lisuzzo A, Fiore
E, Barberio A, Schiavon E, Trevisi E, Piccioli CafipF, Gallo L, Ruegg P,
Negrini R, Cecchinato A 2022: Quarerel analyses of the associations among
subclinical intramammary infection and milk quality, udder health, and
cheesemaking traits in Holstein cowsurnal of Dairy Scienc&053490-3507.
http://dx.doi.org/10.3168/jds.20221267.

PérezBaez J, Risco CA, Chebel RC, Gomes GC, Greco LF, Tao S, Thompson IM, do
Amaral BC, Zenobi MG, Martinez N, Staples CR, Dahl GE, Hernandez JA,
Santos JEPGalvao KN 2019: Association of dry matter intake and energy
balance prepartum and postpartum with health disorders postpartum: Part IlI.
Ketosis and clinical mastitisJournal of Dairy Sciencel02 9151-9164.
http://dx.doi.org/10.3168/jds.2018:879

Petrovski KR, Heuer C, Parkinson TJ, Williamson NB 2009: The incidence and aetiology
of clinical bovine mastitis on 14 farms in Northland, New Zeal&®lv Zealand
Veterinary Journal 57 109-115.
http://dx.doi.org/10.1080/00480169.2009.36887

Petzl W, Zerbe H, Glnther J, Yang W, Seyfert HM, Nurnberg G, Schuberth HJ 2008:
Escherichia coli but not Staphylococcus aureusiggers an early increased
expression of factors contributing to the innate immune defense in the udder of
the cow.Veterinary ResearcB9 18. http://dx.doi.org/10.1051/vetres:2007057

Piccinini R, Miarelli M, Ferri B, TripaldiC, Belotti M, Dapra V, Orlandini S, Zecconi A
2006: Relationship between cellular and whey components in buffalo milk.
Journal of Dairy Research 73 129133.
http://dx.doi.org/10.1017/s0022029903G28

Pisanu S, Cacciotto C, Pagnozzi D, Puggioni GMG, Uzzau S, Ciaramella P, Guccione J,
Penati M, Pollera C, Moroni P, Bronzo V, Addis MF 2019: Proteomic changes
in the milk of water buffaloBubalus bubaliswith subclinical mastitis due to

199


http://dx.doi.org/10.14202/vetworld.2015.989-993
http://dx.doi.org/10.1016/j.rvsc.2019.05.012
http://dx.doi.org/10.3168/jds.S0022-0302(00)75138-1
http://dx.doi.org/10.3168/jds.S0022-0302(00)75138-1
http://dx.doi.org/10.3168/jds.2021-21267
http://dx.doi.org/10.3168/jds.2018-15879
http://dx.doi.org/10.1080/00480169.2009.36887
http://dx.doi.org/10.1051/vetres:2007057
http://dx.doi.org/10.1017/s0022029905001548

intramammary infection by Staphylococcus aureusnd by noraureus
staphylococciScientific Report9 15850 http://dx.doi.org/10.1038/s41598. 9
520632.

Pizauro L, Silva D, Santana A, Clemente V, Lara {Stdni F, Vaz A, VidalMartins A,
Ribeiro M, Fagliari J 2014: Prevalence and etiology of buffalo mastitis and milk
somatic cell count in dry and rainy seasons in a buffalo herd from Analandia, S&o
Paulo State, BrazilArquivo Brasileiro de Medicina Veteinia e Zootecnig6
17031710.

Pizauro LJL, de Almeida CC, Soltes GA, Slavic D, de Avila FA, Zafalon LF, Maclnnes
JI 2019: Short communication: Detection of antibiotic resistance, mecA, and
virulence genes in coagulasegativeStaphylococcuspp. from bifalo milk and
the milking environment.Journal of Dairy Sciencel02 1145911464.
http://dx.doi.org/10.3168/jds.20185920

Prack McCormick B, Quiroga MP, Alvarez VE, Centrén D, Tittonell P 2023:
Antimicrobial resistance dissemination associated with intensive animal
production practices in Argentina: A systematic review and {aetdysis.
Revista Argentina de Microbiologia 55 2542,
http://dx.doi.org/10.1016/j.ram.2022.07.001

Prasad A, Kothari N 2021: Cow products: boon to human health and food security.
Tropical Animal Health and Productids 12. http://dx.doi.org/10.1007/s11250
021-030145.

Prasad R, Rao ER, Sudhakar K, Gupta BR, Mahender M 2010: Studies on udder and teat
measurements as affected by parity and their relationship with milk yield in
Murrah buffalo.Buffalo Bulletin29 194-198.

Preehirani PL, Isloor S, Sundareshan S, Nuthanalakshmi V, Deepthikiran K, Sinha AY,
Rathnamma D, Nithin Prabhu K, Sharada R, Mukkur TK, Hegde NR 2015:
Isolation, biochemical and molecular identification, anevitno antimicrobial
resistance patterns of bagteisolated from bubaline subclinical mastitis in south
India. PLoS Onel0e0142717http://dx.doi.org/10.1371/journal.pone.0142717

Presicce G, Baruselli P, Bifulco G, Bosco A, Braghieri Aa@abutr N, Chanthakhoun
V, Cringoli G, Cruz L, Deb G, Rosa G, Gasparrini B, Grasso F, lannuzzi A,
lannuzzi L, Khejornsart P, KongK, Maurelli M, Mingala C, Zicarelli L 2017:
The Buffalo (Bubalus bubalisProduction and ResearcBentham Sci., Sharjah
U.AE.

Puggioni GMG, Tedde V, Uzzau S, Guccione J, Ciaramella P, Pollera C, Moroni P,
Bronzo V, Addis MF 2020: Evaluation of a bovine cathelicidin ELISA for
detecting mastitis in the dairy buffalo: Comparison with milk somatic cell count
and bacteriologal culture. Research in Veterinary Sciend®8 129-134.
http://dx.doi.org/10.1016/j.rvsc.2019.11.009

Purohit G, Gaur M, Shekher C 2014: Mammary gland pathologies in the parturient
buffalo. Asian Pacific Journal of Reproductidh322-336.

Putz EJ, Palmer MV, Ma H, Casas E, Reinhardt TA, Lippolis JD 2020: Case report:
characterization of a persistent, treatra@sistant, novel Staphylococcus aureus
infection causing chronic mastitis in a Holstelairy cow.BMC Veterinary
Research6 336.http://dx.doi.org/10.1186/s1294020-025288.

200


http://dx.doi.org/10.1038/s41598-019-52063-2
http://dx.doi.org/10.1038/s41598-019-52063-2
http://dx.doi.org/10.3168/jds.2018-15920
http://dx.doi.org/10.1016/j.ram.2022.07.001
http://dx.doi.org/10.1007/s11250-021-03014-5
http://dx.doi.org/10.1007/s11250-021-03014-5
http://dx.doi.org/10.1371/journal.pone.0142717
http://dx.doi.org/10.1016/j.rvsc.2019.11.009
http://dx.doi.org/10.1186/s12917-020-02528-8

Pyoérala S 2003: Indicators of inflammation in the diagnosis of mastéterinary
Researcl84 565578 http://dx.doi.org/10.1051/vetres:2003026

Pyz=Gukasi k R, Paszkiewicz W, Tatara MR, Br c
quality of milk sold directly from producers to consumelsurnal of Dary
Science9842944301.http://dx.doi.org/10.3168/jds.20121.87.

Qayyum A, Arshad U, Yousuf MR, Ahmad N 2018: Effect of breeding method and
season on pregnancy rate and embryonic and fetal lostegating NilrFRavi
buffalo. Tropical Animal Health and Production 50 555560.
http://dx.doi.org/10.1007/s11251 7-14684.

Raeisi M, Khoshbakht R, Ghaemi EA, Bayani M, Hashemi M, Seyedghasemi NS
ShirzadAski H 2017: Antimicrobial resistance and viruleragsociated genes of
Campylobacterspp. isolated from raw milk, fish, poultry, and red meat.
Microbial Drug Resistance 23 925933.
http://dx.doi.org/10.1089/mdr.2016.0183

Rahimi E, Doosti A, Ameri M, Kabiri E, Sharifian B 2010: DetectioiCokiella burnetii
by nested PCR in bulk milk samples from dairy bovine, ovine, and caprine herds
in Iran. Zoonoses Public Health7 e3841. http://dx.doi.org/10.1111/j.1863
2378.2009.01289.x

Rahimi E, Sepehri S, Dehkordi FS, Shaygan S, Momtaz H 2014: Prevaleressioiia
species in traditional and commercial dairy products in Isfahavinmue Iran.
Jundishapur Journal of Microbiology http://dx.doi.org/10.5812/jjm.9249

Rahman SM, Islam M, Harumr-Rashid M, Siddiki M, Islam M 2019a: Dairy buffalo
production under intensive system in semi arid area of BanglaBestalo
Bulletin 38 83-98.

Rahman SR, Islam MN, Harwmr-Rashid M, Sarker NR, Siddiki MSR, Islam MZ, Islam
MA 2019b: Buffalo milk yield, quality, and marketing in different agtonatic
districts of Bangladesh. Journal of Buffalo Science 8 62-67.
http://dx.doi.org/10.6000/192%20X.2019.08.03.2

Ra P, Swain S, Talreja P 2020: Community acceptance of available milk and assessment
of its quality in perurban area of southwest Delldiournal of Family and
Community Medicind5 S31s34.http:/dx.doi.org/10.4103/ijcm.lJJCM_367_19

Rainard P, Riollet C 2006: Innate immunity of the bovine mammary g\aetérinary
Researcl87 369-400. http://dx.doi.org/10.1051/vetres:2006007

Ranjbar R, Safpoor Dehkordi F, Sakhaei Shahreza MH, Rahimi E 2018: Prevalence,
identification of virulence factors, ®erogroups and antibiotic resistance
properties of Shigéoxin producingEscherichia colistrains isolated from raw
milk and traditional dairy productsAntimicrobial Resistance and Infection
Control 7 53. http://dx.doi.org/10.1186/s1378BL8-0345x.

Rathore AK, Sheldrake RF 1977: Teat orifice stretchability associated with teat diameter
gradient and milk yield in lactating cowsournal of Animal Scienc 215-220.
http://dx.doi.org/10.1017/S0003356100011685

Restucci B, Dipineto L, Martano M, Balestrieri A, Ciccarelli D, Russo TP, Varriale L,
Maiolino P 2019: Histopathological and microbiological findings in buffalo
chronic mastitis: evidence of tertiary lymphoid structudesirnal of Veterinary
Science0 eB. http://dx.doi.org/10.4142/jvs.2019.20.e28

201


http://dx.doi.org/10.1051/vetres:2003026
http://dx.doi.org/10.3168/jds.2014-9187
http://dx.doi.org/10.1007/s11250-017-1468-4
http://dx.doi.org/10.1089/mdr.2016.0183
http://dx.doi.org/10.1111/j.1863-2378.2009.01289.x
http://dx.doi.org/10.1111/j.1863-2378.2009.01289.x
http://dx.doi.org/10.5812/jjm.9249
http://dx.doi.org/10.6000/1927-520X.2019.08.03.2
http://dx.doi.org/10.4103/ijcm.IJCM_367_19
http://dx.doi.org/10.1051/vetres:2006007
http://dx.doi.org/10.1186/s13756-018-0345-x
http://dx.doi.org/10.1017/S0003356100011685
http://dx.doi.org/10.4142/jvs.2019.20.e28

Romera AJ, Bos AP, Neal M, Eastwood CR, Chapman D, McWilliam W, Royds D,
O'Connor C, Brookes R, Connolly J, Hall P, Clinton PW 2020: Designing future
dary systems for New Zealand using reflexive interactive dedgmicultural
System481102818 http://dx.doi.org/10.1016/j.agsy.2020.102818

Rosa NM, Penati M, Fus#&toli S, Addis MF, Tola S ZZ2: Species identification by
MALDI-TOF MS and gap PGRFLP of noraureus Staphylococcys
MammaliicoccusandStreptococcuspp. associated with sheep and goat mastitis.
Veterinary Research3 84. http://dx.doi.org/10.1186/s1356¥22-011024.

Rowe SM, Godden SM, Royster E, Timmerman J, Crooker BA, Boyle M 2019:-Cross
sectional study of the relationships among bedding materials, bedding bacteria
counts, and intramammary infection in leetationdairy cowsJournal of Dairy
Sciencel021138411400.http://dx.doi.org/10.3168/jds.204B7074

Ruegg PL 2017: A 100 ear Review: Mastitis detection, management, and prevention.
Journal of Dairy Science 100 1038%10397.
http://dx.doi.org/https://doi.org/10.3168/jds.2613023

Saadullah M 2012: Buffalo production and constraints in Bangladést.Journal of
Animal and Plant Scienc@® 221-224.

Sah K, Karki P, Shrestha RD, Sigdel A, Adesogan AT, Dahl GE 2020: MILK
Symposium review: Improving control of mastitis in dairy animaldNepal.
Journal of Dairy Sciencd 03 97409747. http://dx.doi.org/10.3168/jds.2020
18314

Sahin A, Yildirim A, Ulutas Z, E U 2017: The effects of stage of lactation, parity and
calving season oromatic cell counts in Anatolian water buffalodian Journal
of Animal Researchl1 35-39.

Sahin A, Yél dérem A, Ulutak Z 2016: Ef fe
management practices on somatic cell count in the raw milk of anatolian buffalo.
Pakistan Journal of Zoolog¥8 325-332.

Sahoo G, More T, Singh VK 1998: A comparative study on certain enzymes of the
granulocyte from different ruminant specie€omparative Immunology,
Microbiology and Infectious Diseases 21 319-325.
http://dx.doi.org/10.1016/s0149571(97)0002%.

Sahoo N, Kumar P, Bhushan B, Bhattacharya T, Sharma A, Dayal S, Pankaj DP, Sahoo
M 2010: PCRSSCP of serum lysozyme gene (Exdhin riverine buffalo and
its assomtion with lysozyme activity and somatic cell coulssian Australasian
Journal of Animal Science&3 993.http://dx.doi.org/10.5713/ajas.2010.90323

Salvador RT, Beltran JM, Abes NS, Gutierrez CKjngala CN 2012: Short
communication: Prevalence and risk factors of subclinical mastitis as determined
by the California mastitis test in water buffaBupalis bubali¥ in Nueva Ecija,
Philippines.  Journal of Dairy Science 95 1363 1366.
http://dx.doi.org/10.3168/jds.2034503

Salvador RT, Garcia AAA, Abes NS, Mingala CN 2013: Correlation of California
mastitis test and somatic cell count on milk of water buffalo cows in the
Philippines.Tropical Agiculture 90153-159.

Samad M 2020: A systematic review of research findings on buffalo health and
production published during the last six decades in Bangladesiinal of

202


http://dx.doi.org/10.1016/j.agsy.2020.102818
http://dx.doi.org/10.1186/s13567-022-01102-4
http://dx.doi.org/10.3168/jds.2019-17074
http://dx.doi.org/https:/doi.org/10.3168/jds.2017-13023
http://dx.doi.org/10.3168/jds.2020-18314
http://dx.doi.org/10.3168/jds.2020-18314
http://dx.doi.org/10.1016/s0147-9571(97)00029-5
http://dx.doi.org/10.5713/ajas.2010.90323
http://dx.doi.org/10.3168/jds.2011-4503

Veterinary Medical and One Health Research2  1-62.
http://dx.doi.org/10.36111/jvmohr.2020.2(1).0016

Sanaa M, Poutrel B, Menard JL, Serieys F 1993: Risk factors associated with
contamination of raw milk byisteria monocytogenes dairy farms.Journal of
Dairy Science 76 2891-2898.
http://dx.doi.org/https://doi.org/10.3168/jds.S082302(93) 776 2.

Sannino M, Faugno S, Crimaldi M, Di Francia A, Ardito L, Serrapica F, Masucci F 2018:
Effeds of an automatic milking system on milk yield and quality of
Mediterranean buffalo. Journal of Dairy Science 101 83088312.
http://dx.doi.org/10.3168/jds.20114157

Santos AS, Lima DCV, Abad ACAliveira PRF, Silva JGD, Moura GS, Silva ATF,
Amorim VDS, Costa MMD, Mota RA 2020: Antimicrobial resistance profile of
nontaureus staphylococci isolates from buffalo, goat and sheep mastitis in the
Northeast region of Brazil.Journal of Dairy Research87 290-294.
http://dx.doi.org/10.1017/s0022029920000771

Sargeant JM, Schukken YH, Leslie KE 1998: Ontario bulk milk somatic cell count
reduction program: progress and outlodkurnal of Dairy Scienc&l 1545
1554 .http://dx.doi.org/10.3168/jdS00220302(98) 757 24.

Schréder J, Glaub A, Schneider J, Trost E, Tauch A 2012: Draft genome sequence of
Corynebacterium bovidSM 20582, which causes clinical mastitis in dairy cows.
Journal of Bacteriology944437 .http://dx.doi.org/10.1128/jb.0083B2.

Schukken YH, Gonzalez RN, Tikofsky LL, Schulte HF, Santisteban CG, Welcome FL,
Bennett GJ, Zurakowski MJ, Zadoks RN 2009: CNS mastitis: nothing to worry
about? Veterinary Microbiology 134 9-14.
http://dx.doi.org/10.1016/j.vetmic.2008.09.014

Schukken YH, Gunther J, Fitzpatrick J, Fontaine MC, Goetze L, Holst O, Leigh J, Petzl
W, Schuberth HJ, Sipka A, Smith DG, Quesnell R, Watts J, Yancg2giRe H,
Gurjar A, Zadoks RN, Seyfert HM 2011: Hessponse patterns of
intramammary infections in dairy cowsVeterinary Immunology and
Immunopathology 144 270-289.
http://dx.doi.org/10.108/j.vetimm.2011.08.022

Schwarz DGG, de Sousa Junior PF, Saraiva da Silva L, Polveiro RC, de Oliveira JF,
Faria MPO, Marinho G, de Oliveira RP, Moreira MAS 2021: Spatiotemporal
distribution and temporal trends of brucellosis and tuberculosis in watefdouffa
(Bubalus bubalis in Brazil. Preventive Veterinary Medicind93 105417.
http://dx.doi.org/10.1016/j.prevetmed.2021.105417

Selim A, Kelis K, AlKahtani MDF, Albohairy FM, Attia KA 2022: Bvalence,
antimicrobial susceptibilities and risk factors of Methicillin resistant
Staphylococcus aureus (MRSA) in dairy bovir@sIC Veterinary Researct8
293.http://dx.doi.org/10.1186/s1294022-03389 z.

Sentitula, Yadav BR, Kumar R 2012: Incidence of staphylococci and streptococci during
winter in mastitic milk of sahiwal cow and Murrah buffaladian Journal of
Microbiology52 153159. http://dx.doi.org/10.1007/s12088L1-02071.

Serraino A, Florio D, Giacometti F, Piva S, Mion D, Zanoni RG 2013: Presence of
CampylobacteandArcobacterspecies in idine milk filters of farms authorized

203


http://dx.doi.org/10.36111/jvmohr.2020.2(1).0016
http://dx.doi.org/https:/doi.org/10.3168/jds.S0022-0302(93)77628-6
http://dx.doi.org/10.3168/jds.2017-14157
http://dx.doi.org/10.1017/s0022029920000771
http://dx.doi.org/10.3168/jds.S0022-0302(98)75720-0
http://dx.doi.org/10.1128/jb.00839-12
http://dx.doi.org/10.1016/j.vetmic.2008.09.014
http://dx.doi.org/10.1016/j.vetimm.2011.08.022
http://dx.doi.org/10.1016/j.prevetmed.2021.105417
http://dx.doi.org/10.1186/s12917-022-03389-z
http://dx.doi.org/10.1007/s12088-011-0207-1

to produce and sell raw milk and of a wataffalo dairy farm in Italy Journal
of Dairy Scienc®6 2801-2807.http://dx.doi.org/10.3168/jds.2016249

Seyoum ET, Woldetsadik DA, Mekonen TK, Gezahegn HA, Gebreyes WA 2015:
Prevalence dfisteriamonocytogendas raw bovine milk and milk products from
central highlands of Ethiopialournal of Infection in Developing Countri€s
12041209.http://dx.doi.org/10.3855/jidc.6211

Shaban AK, Mohamed RH, Zakaria AM, Baheeg EM 2022: Detection caftsinouth
disease virus in raw milk in Menofia Governorate and its effect on reproductive
hormones and physiochemical properties of mikterinary World15 2202
2209.http://dx.doi.org/10.14202/vetworld.2022.220209

Shailja, Singh M 2002: Post milking teat dip effect on somatic cell count, milk production
and composition in cows and buffalAsianAustralasian Journabf Animal
Scienced 515171522 http://dx.doi.org/10.5713/ajas.2002.1517

Sharif A, Ahmad T 2007: Prevalence of severity of mastitis in buffalo in district
Faisalabad (Pakistan)he Journal of Agdultural Scienced 34-36.

Sharif A, Ahmad T, Bilal MQ, Yousaf A, Muhammad G, Pansota F, Biology 2007:
Estimation of milk lactose and somatic cells for the diagnosis oftckuioal
mastitis in dairy buffalolnternational Journal of Agriculture and Biolo@/267-

270.

Sharma A, Sidhu N 2007: Occurrence of clinical and subclinical mastitis in buffalo in
the State of Haryana (Indid)alian Journal of Animal Scienc&@965-967.

Sharma N, K M, Sharma K 2007: Prevalence, etiology and antibiogram of
microorganisms associated with sdimical mastitis in buffalo in durg,
Chhattisgarh state (Indiajaternational Journal of Dairy Scienc2 145151.
http://dx.doi.org/10.3923/ijds.2007.145.151

Sharma N, Rho GJ, Hong YH, Kang Tlree HK, Hur FY, Jeong DK 2012: Bovine
mastitis: an Asian perspectivisian Journal of Animal and Veterinary Advances
7 454-476.http://dx.doi.org/10.3923/ajava.2012.454.476

Sharma N, Singh NKBhadwal MS 2011: Relationship of somatic cell count and
mastitis: An overviewAsianAustralasian Journal of Animal Scienc24$ 429
438.http://dx.doi.org/10.5713/ajas.2011.10233

Siddiky M, Faruge M 2018: Buffalo for dairying in South Asia: potential, challenges
and way forward. SAARC Journal of Agriculture 15 227-239.
http://dx.doi.org/https://doi.org/10.3329/sja.v15i2.3816

Sindhu N, Anshu S, Vikas N, Jain V 2009: Occurrence of subclinical mastitis in cows
and buffalo at an organised farklaryana Veterinariart8 85-87.

Singh M, Sharma A, Mittal D, Charaya G 2014: Prevalence and characterization of
coagulase negative stagococci associated with buffalo mastitisdian Journal
of Comparative Microbiology, Immunology and Infectious Dise@85&5-72.

Singha S, Ericsson CD, Chowdhury S, Nath SC, Paul OB, Hoque MA, Boqvist S,
Persson Y, Rahman MM 2021a: Occurrence andlagir of subclinical mastitis
in water buffalo in Bangladeshlournal of Dairy Researcl88 314-320.
http://dx.doi.org/10.1017/s0022029921000698

204


http://dx.doi.org/10.3168/jds.2012-6249
http://dx.doi.org/10.3855/jidc.6211
http://dx.doi.org/10.14202/vetworld.2022.2202-2209
http://dx.doi.org/10.5713/ajas.2002.1517
http://dx.doi.org/10.3923/ijds.2007.145.151
http://dx.doi.org/10.3923/ajava.2012.454.476
http://dx.doi.org/10.5713/ajas.2011.10233
http://dx.doi.org/https:/doi.org/10.3329/sja.v15i2.35167
http://dx.doi.org/10.1017/s0022029921000698

Singha S, Koop G, Ceciliani F, Derks M, Hoque MAgddain MK, Howlader MMR,
Rahman MM, Khatun M, Boqgvist S, Persson Y 2023: The prevalence and risk
factors of subclinical mastitis in water buffaBubalis bubali¥ in Bangladesh.
Research in Veterinary Science 158 17-25.
http://dx.doi.org/10.1016/j.rvsc.2023.03.004

Singha S, Koop G, Persson Y, Hossain D, Scanlon L, Derks M, Hoque MA, Rahman
MM 2021b: Incidence, etiology, and risk factors of clinical mastitis in dairy cows
under semtropical cirawmstances in Chattogram, Bangladegsimimals 11
http://dx.doi.org/10.3390/ani11082255

Singha S, Persson Y, Datta PK, Ceciliani F, Rahman M 2021c: Traditional buffalo milk
chain in Bangladesh. IDF Animal Health Report, Report, International Dairy
FederationBoulevard Auguste Reyers, 1030 Brussels, Belghatessed on 07
October 2022.

Sinha MK, Thombare NN, Mondal B 2014: Subclinical mastitis in dairy animals:
incidence, economics, and predisposing fact8csentific World JournaR014
523984 http://dx.doi.org/10.1155/2014/523984

Smigad M, Vatne MK, Sglvergd L, Dean KR 2022: Sensitivity and specificity of
bacterial culture, gPCR, and somatic cell count for detection of goats with
Staphylococcus aureus intramammary infection using Bayesian latent class
models. Preventive Veterinary Mécine 209 105793.
http://dx.doi.org/10.1016/j.prevetmed.2022.105793

Smith EM, Green LE, Medley GF, Bird HE, Dowson CG 2005: Multilocus sequence
typing of Staphylococcus aureisolated fromhigh-somatiecell-count cows and
the environment of an organic dairy farm in the United Kingddournal of
Clinical Microbiology 43 4731-4736. http://dx.doi.org/10.1128/jcm.43.9.4731
47362005

Sohel MMH, Amin MR, Fisheries 2015: Identification of types of buffalo available in
Kanihari buffalo pocket of Mymensingh districResearch in Agriculture
Livestock and Fisheriez109-115.

Sonnier JL, Karns JS, Lombard JE, Kopral CA, Haley BJ, BW, Van Kessel JAS
2018: Prevalence ofSalmonella enterica Listeria monocytogenesand
pathogenicEscherichia coliin bulk tank milk and milk filters from US dairy
operations in the National Animal Health Monitoring System Dairy 2014 study.
Journal of Dary SciencelOl1 19431956. http://dx.doi.org/10.3168/jds.2017
13546

Sordillo LM 2016: Nutritional strategies to optimize dairy cattle immunlturnal of
Dairy Sciencé949674982.http://dx.doi.org/10.3168/jds.2094B)354

Srinivasan P, Jagadeswaran D, Manoharan R, Giri T, Balasubramaniam G, Balachandran
P 2013: Prevalence and etiology of subclinical mastitis among buBalwa({us
bubalug in Namakkal, IndiaPakistan Journal of Biological Scienc&6 1776
1780.

Stetca G, Mocuta N, Chindris V, Coldea TE, Morea A 2015: Microbiological analysis
on Romanian dairy products obtained from buffalo nfllletin of University
of Agricultural Scienes and Veterinary Medicine ClijapocaFood Science
and Technology?2279-280.http://dx.doi.org/10.15835/buasvmést: 11546

205


http://dx.doi.org/10.1016/j.rvsc.2023.03.004
http://dx.doi.org/10.3390/ani11082255
http://dx.doi.org/10.1155/2014/523984
http://dx.doi.org/10.1016/j.prevetmed.2022.105793
http://dx.doi.org/10.1128/jcm.43.9.4731-4736.2005
http://dx.doi.org/10.1128/jcm.43.9.4731-4736.2005
http://dx.doi.org/10.3168/jds.2017-13546
http://dx.doi.org/10.3168/jds.2017-13546
http://dx.doi.org/10.3168/jds.2015-10354
http://dx.doi.org/10.15835/buasvmcn-fst:11546

Stevens M, Piepers S, Supré K, De Vliegher S 2018: Antimicrobialiooption on dairy
herds and its association with antimicrobial inhibition zone diameters of non
aureus staphylococci an8taphylococcus aureusolated from subclinical
mastitis. Journal of Dairy Science 101 3311-3322.
http://dx.doi.org/10.3168/jds.2011/3365

Sultana Z 2018: Animal breeding policies and strategies in South Asia. Accessed on 02
July 2022.
https://www.sac.org.bd/archives/publications/Animal%20Breeding%20Policies
%20and%?20Strategies.pdf

Suriyasathaporn W, Schukken YH, Nielen M, Brand A 2000: Low somatic cell count: a
risk factor for subsequent clinical mastitis in a dairy hdalrnal of Dairy
ScienceB3 12481255.http://dx.doi.org/10.3168/jds.S00XB02(00) 74995.

Svennesen L, Nielsen SS, Mahmmod YS, Krémker V, Pedersen K, Klaas IC 2019:
Association between teat skin colonization and intramammary infection with
Staphylococcus aurewsnd Streptococcus agalactia@ herds with automatic
milking  systems. Journal of Dary Science 102 6296309.
http://dx.doi.org/10.3168/jds.2018330

Talukder AA, Rahman HH, Mahmud SMJ, Alam F, Dey SK 2016: Isolation,
identification and resistance pattern of microorganisms associatie mastitis
in  buffalo. Bangladesh  Journal of Microbiology 30 1-5.
http://dx.doi.org/10.3329/bjm.v30i2.28445

Tassew H, Abdissa A, Beyene G, GeBiedassie S 2010: Microbial flora and foautthe
pathogens on minced meat and their susceptibility to antimicrobial agents.
EthiopianJournal of Health Sciences 20 137-143.
http://dx.doi.org/10.4314/ejhs.v20i3.69442

Terzi Gulel G, GucukogllA, Cadirci O, Saka E, Alisarli M 2020: Serotyping and
antibiotic resistance of Listeria monocytogenes isolated from raw water buffalo
milk and milk products. Journal of Food Science85 288932895.
http://dx.doi.org/10.1111/1758841.15376

Thomas CS, Svennerst8jaunja K, Bhosrekar MR, Bruckmaier RM 2004: Mammary
cisternal size, cisternal milk and milk ejection in Murrah buffalee Journal of
Dairy Researcly1162-168. http://dx.doi.org/10.1017/s0022029904000081

Tigabu E, Asrat D, Kassa T, Sinmegn T, Molla B, Gebreyes W 2015: Assessment of risk
factors in milk contamination witlstaphylococcus aureus urban and peri
urban smatholder airy farming in central EthiopiZoonoses Public Healtb2
637-643.http://dx.doi.org/https://doi.org/10.1111/zph.12199

Tiwari B, Subedi D, Bhandari S 2022: Prevalence and risk factors of Staphylococcal
subclinical mastitis in dairy animals of Chitwan, Nepkurnal of Pure and
Applied Microbiologyhttp://dx.doi.org/0.22207/JPAM.16.2.67

Tiwari R, Sharma M, Singh B 2007: Major problems of small holder buffalo production
onfarms in IndiaThe Indian Journal of Animal Sciencés

Tiwari U, Cummins E, Valero A, Walsh D, Dalmasso M, Jordan K, Duffy G 2015: Farm
to fork quantitative risk assessmentlateria monocytogenasntamination in
raw and pasteurized milk cheese in Irelafisk Analysis35 11401153.
http://dx.doi.org/10.1111/risa.12332

206


http://dx.doi.org/10.3168/jds.2017-13365
https://www.sac.org.bd/archives/publications/Animal%20Breeding%20Policies%20and%20Strategies.pdf
https://www.sac.org.bd/archives/publications/Animal%20Breeding%20Policies%20and%20Strategies.pdf
http://dx.doi.org/10.3168/jds.S0022-0302(00)74991-5
http://dx.doi.org/10.3168/jds.2018-15330
http://dx.doi.org/10.3329/bjm.v30i1-2.28445
http://dx.doi.org/10.4314/ejhs.v20i3.69442
http://dx.doi.org/10.1111/1750-3841.15376
http://dx.doi.org/10.1017/s0022029904000081
http://dx.doi.org/https:/doi.org/10.1111/zph.12199
http://dx.doi.org/10.22207/JPAM.16.2.67
http://dx.doi.org/10.1111/risa.12332

Tolosa T, Verbeke Ayana Z, Piepers S, Supré K, De Vliegher S 2015: Pathogen-group
specific risk factors for clinical mastitis, intramammary infection and blind
guarters at the herd, cow and quarter level in smallholder dairy farms in Jimma,
Ethiopia. Preventive Veterinary Medicine 120 306-312.
http://dx.doi.org/10.1016/j.prevetmed.2015.05.001

Tong SC, Siow LF, Tang TK, Lee YY 2022: Pldrdsed milk: Unravel the changes of
the antioxidahindex during processing and storagereview.Critical Reviews
in Food Science and Nutrition 1-19.
http://dx.doi.org/10.1080/10408398.2022.2143477

Traversari J, van den Borne BHP, Dol@rThomann A, Perreten V, Bodmer M 2019:
Non-aureus staphylococci species in the teat canal and milk in four commercial
Swiss dairy herds. Frontiers in Veterinary Science 6 186.
http://dx.doi.org/D.3389/fvets.2019.00186

Triwulanningsih E, Praharani L 2006: Buffaloes in Indonesia. Proceedings of the
International Seminar on Reproductive Biotechnology for Buffalo, Bogor,
Indonesia. 114.20.

Troendle JA, Tauer LW, Grohn YT 2017: Optimally achievinidkrbulk tank somatic
cell count thresholds. Journal of Dairy Science 100 731-738.
http://dx.doi.org/10.3168/jds.20181578

Tsuji T 2019: Traditional water buffalo milk production and consumptiosoutheast
Asia. SAARC Journal of Agriculture 15 227-239.
http://dx.doi.org/10.3329/sja.v15i2.35167

Turutoglu H, Hasoksuz M, Ozturk D, Yildirim M, Sagnak S 2009: Methicillin and
aminoglycoside restance in Staphylococcus aureus isolates from bovine
mastitis and sequence analysis of their mecA gewWeterinary Research
Communication83 945956. http://dx.doi.org/10.1007/s112589-93135.

uddin MK, Mintoo AA, Awal TM, Kondo M, Kabir A 2016: Characterization of buffalo
milk production system in BangladeslBangladesh Journal of Animal
Sciencekhd5 69-77. http://dx.doi.org/10.3329]bs.v45i1.27492

uddin MM, Sultana MN, Ndambi OA, Shawabkeh OA, Hemme T, Peters KJ 2011: Milk
production trends and dairy development in Bangladestook on Agriculture
40263271.

Urer EK, Asl ant ak ¥, Tek E, Y é | reaillity MA
and biofilm forming ability of staphylococci from subclinical buffalo mastitis.
Journal of Dairy Researci+4. http://dx.doi.org/10.1017/s0022029923000080

Valckenier D, Piepers S, Deidscher A, De Vliegher S 2020: The effect of
intramammary infection in early lactation with naoreus staphylococci in
general andstaphylococcus chromogengsecifically on quarter milk somatic
cell count and quarter milk yieldlournal of Dairy Sciencel03 768-782.
http://dx.doi.org/10.3168/jds.20186818

Valckenier D, Piepers S, Schukken YH, De Visscher A, Boyen F, Haesebrouck F, De
Vliegher S 2021: Longitudinal study on the effects of intramargrirdection
with nonaureus staphylococci on udder health and milk production in dairy
heifers. Journal of Dairy Science 104 899914.
http://dx.doi.org/10.3168/jds.2021B685

207


http://dx.doi.org/10.1016/j.prevetmed.2015.05.001
http://dx.doi.org/10.1080/10408398.2022.2143477
http://dx.doi.org/10.3389/fvets.2019.00186
http://dx.doi.org/10.3168/jds.2016-11578
http://dx.doi.org/10.3329/sja.v15i2.35167
http://dx.doi.org/10.1007/s11259-009-9313-5
http://dx.doi.org/10.3329/bjas.v45i1.27492
http://dx.doi.org/10.1017/s0022029923000080
http://dx.doi.org/10.3168/jds.2019-16818
http://dx.doi.org/10.3168/jds.2020-18685

Van den Crommenack#fonings L, Van Dam P, Everts R, Shittu A, Nielen M, Lam T,
Koop G 2021: Dynamics of intramammary infections in suckler ewes during
early lactation. Journal of Dairy Science 104 59795987.
http://dx.doi.org/10.3168/jds.20218865

Vega RS, Del Barrio AN, Sangel PP, Katsube O, Canaria JC, Herrera JV, Lapitan RM,
Orden EA, Fujihara T, Kanai Y 2010: Eating and rumination behaviour in
Brahman grade cattle and crossbred water buffalo fed on high roughage diet.
Animal Science Journal81 574579. http://dx.doi.org/10.1111/}.1740
0929.2010.00784.x

Verraes C, Vlaemynck G, Van Wayeerg S, De Zutter L, Daube G, Sindic M,
Uyttendaele M, Herman L 2015: A review of the microbiological hazards of dairy
products made from raw milkinternational Dairy Journal 50 32-44.
http//dx.doi.org/10.1016/j.idairyj.2015.05.011

Vigcosa GN, Moraes PM, Yamazi AK, Nero LA 2010: Enumeration of coagulase and
thermonucleasgpositive Staphylococcuspp. in raw milk and fresh soft cheese:
An evaluation of BaireParker agar, Rabbit Plasma Fibigem agar and the
PetrifilmE Staph EFoqul r Micsobiology 87u4d#452.s y st e m
http://dx.doi.org/10.1016/}.fm.2009.12.007

Viechtbauer W 2010: Conducting metaalyses in R with the metafpackageJournal
of Statistical Softwaré 1-48. http://dx.doi.org/10.18637/jss.v036.i103

Vu-Khac H, Cornick NA 2008: Prevalence and genetic profiles of Shiga-pogitucing
Escherichia colistrains isolated from buffalo, cattle, and goats in central
Vietnam. Veterinary Microbiology 126 356-363.
http://dx.doi.org/10.1016/j.vetmic.2007.07.023

Vyas D, Nelson CD, Bromfield JJ, LiyanamanakPause M, Dahl GE 2020: MILK
Symposium review: Identifying constraints, opportunities, and best practices for
improving milk production in marketriented dairy farms in Sri Lankdournal
of Dairy Sciencd.0397749790.http://dx.doi.org/10.3168/jds.202IB305

Waak E, Tham W, Danielssefham ML 2002: Prevalence and fingerprintind.adteria
monocytogenestrains isolated from raw whole milk in farm bulk tanks and in
dairy plant receiving tank#\pdied and Environmental Microbiolog§8 3366
3370.http://dx.doi.org/10.1128/aem.68.7.338870.2002

Wang Z, Wu Y, Shi L, Cui L, Li X, He C, Yang L, Li X 2020: Evaluation and mining
the applkcable methods of roughage digestibility determination for buffalo
(Bubalus bubalis Tropical Animal Health and Productio®2 26392646.
http://dx.doi.org/10.1007/s1125120-022929.

White DG, Harmon RJ, Matos JE, Langlois BE 1989: Isolation and identification of
coagulasenegativeStaphylococcuspecies from bovine body sites and streak
canals of nulliparous heifersJournal of Dairy Science72 18861892.
http://dx.doi.org/10.3168/jds.S00ZB02(89)79307B.

WHO 2022: Food safety. World Health Organizati@eneva, Switzerlandccessed on
12 August 2022https://www.who.int/newsoom/factsheets/detail/foodafety

Worldbank 2022: Livestock and dairy development project. World Bank Gi&1;8, H
Street, NW Washington, DC 20433 USXccessed on 10 January, 2023.
https://projects.worldbank.org/en/projecigerations/projeetletail/P161246

208


http://dx.doi.org/10.3168/jds.2020-19865
http://dx.doi.org/10.1111/j.1740-0929.2010.00784.x
http://dx.doi.org/10.1111/j.1740-0929.2010.00784.x
http://dx.doi.org/10.1016/j.idairyj.2015.05.011
http://dx.doi.org/10.1016/j.fm.2009.12.007
http://dx.doi.org/10.18637/jss.v036.i03
http://dx.doi.org/10.1016/j.vetmic.2007.07.023
http://dx.doi.org/10.3168/jds.2020-18305
http://dx.doi.org/10.1128/aem.68.7.3366-3370.2002
http://dx.doi.org/10.1007/s11250-020-02292-9
http://dx.doi.org/10.3168/jds.S0022-0302(89)79307-3
https://www.who.int/news-room/fact-sheets/detail/food-safety
https://projects.worldbank.org/en/projects-operations/project-detail/P161246

Wuytack A, De Visscher A, Piepers S, Haesebrouck Fylidgher S 2020: Fecal nen
aureus Staphylococci are a potential cause of bovine intramammary infection.
Veterinary Researchl 32. http://dx.doi.org/10.1186/s1358720-007615.

Xu J, Tan X, Zhang, Xia X, Sun H 2015: The diversities of staphylococcal species,
virulence and antibiotic resistance genes in the subclinical mastitis milk from a
single Chinese cow herd. Microbial Pathogenesis 88 29-38.
http://dx.doi.org/10.1016/j.micpath.2015.08.004

Yadav P, Yadav B, Swain DK, Anand M, Yadav S, Madan AK 2021: Differential
expression of mMiIRNAs and related mRNAs during heat stress in buffalo heifers.
Journal of Thermal Biology 97 102904.
http://dx.doi.org/10.1016/].jtherbio.2021.102904

Yang BZ, Zhang C 2006: Buffalo crossbreeding in Chisan Buffalo Magazin8 4-
10.

Yigit A, Cinar M, Macun HC, Ozenc E, Kabak¢i R, Yazici E, Kalender H, Bastan A,
Salar S 2018: Total oxidant and anticd activities in milk with various
somatic cell count intervals during discrete cow and buffalo lactation periods.
Journal of Dairy ResearciAl 72-77.

ZapataSalas R, Guarin JF, Ri@sorio LA 2022: Udder health, conceptual construct,
and uses of the ter. A systematic review from 1962 to 20M8=terinary World
15855869.http://dx.doi.org/10.14202/vetworld.2022.8869.

Zhang X, Ahmad MJ, An Z, Niu K, Wang W, Nie P, Gao S, Yang L 2022atReiship
between somatic cell counts and mammary gland parenchyma ultrasonography
in buffalo.  Frontiers in Veterinary Science 9  842105.
http://dx.doi.org/10.3389/fvets.2022.842105

Zhang Y, ColliL, Barker JSF 2020: Asian water buffalo: domestication, history and
genetics. Animal Genetics 51 177-191.
http://dx.doi.org/https://doi.org/10.1111/age.12911

Zi go F, Vasi |va #,VyroStkodér Ja Bujok 0, |PeeKéelb E 2021:
Maintaining optimal mammary gland health and prevention of masttstiers
in Veterinary Scienc8 607311 http://dx.doi.org/10.3389/fvets.20BD7311

209


http://dx.doi.org/10.1186/s13567-020-00761-5
http://dx.doi.org/10.1016/j.micpath.2015.08.004
http://dx.doi.org/10.1016/j.jtherbio.2021.102904
http://dx.doi.org/10.14202/vetworld.2022.855-869
http://dx.doi.org/10.3389/fvets.2022.842105
http://dx.doi.org/https:/doi.org/10.1111/age.12911
http://dx.doi.org/10.3389/fvets.2021.607311

APPENDICES

210



APPENDICES

12.1Questionnairefor udder health (farm level variables)

211




























































































































































