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A B S T R A C T   

Subclinical mastitis (SCM), a silent threat in the dairy sector of Bangladesh poses a significant 
economic impact and serves as a potential source of infection for healthy cows, hindering efforts 
to achieve milk self-sufficiency. Despite the importance of this issue, limited research has been 
conducted on mastitis in Sylhet region of Bangladesh. This study aimed to investigate the mo-
lecular prevalence, antimicrobial susceptibility profile and resistant genes detection on pathogens 
(Staphylococcus aureus, Escherichia coli, and Klebsiella pneumoniae) causing SCM. In a cross- 
sectional study utilizing convenience sampling, 325 milk samples were collected from appar-
ently healthy dairy cows. Initially, SCM was detected using the modified Whiteside test (MWST) 
method. Suspected positive samples were then subjected to bacteriological culture and standard 
biochemical assays, followed by molecular identification through polymerase chain reaction 
(PCR). Finally, antimicrobial susceptibility testing was conducted on all PCR-positive samples 
using the Kirby-Bauer disk diffusion method on Mueller-Hinton agar. In the Sylhet district, the 
prevalence of SCM was 64.92 % (211 out of 325) at the individual animal level and 82.69 % (43 
out of 52) at the herd level. Among the SCM-positive animals, S. aureus was found in 31.75 % (67 
out of 211) of cases, E. coli in 81.99 % (173 out of 211), and K. pneumoniae in 66.82 % (141 out of 
211). K. pneumoniae had the highest prevalence at 60 % in Zakiganj, S. aureus at 45 % in Zakiganj, 
and E. coli at 72 % in Bishwanath Upazila. Extended spectrum beta lactamase (ESBL) genes 
blaTEM, blaOXA, blaCTX-M1, blaCTX-M2, MultiCaseDHA were identified. Additionally, antibiotic resis-
tance genes tet(A), AAC(3)-iv, and Sul1 were also detected. The pathogens exhibited resistance to 
Penicillins (ampicillin, amoxicillin), Cephems (cefuroxime, ceftazidime), and Tetracyclines 
(tetracycline). However, all three bacteria were highly sensitive to meropenem, amikacin, 
gentamicin, ciprofloxacin, and sulfamethoxazole-trimethoprim. These findings highlight the 
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critical need for targeted antimicrobial stewardship and effective control measures to mitigate the 
impact of SCM on dairy production and animal health in the Sylhet region of Bangladesh.   

1. Introduction 

There are around 6 million dairy cattle in Bangladesh, the majority of which are crossbred high-yielding cows, producing 
approximately 9.4 million metric tons of milk each year [1]. About 70 % of Bangladeshi farmers are smallholders with one to three 
cows per farm, generating 70–80 % of the country’s milk requirements [2]. Every 305-day lactation period, domestic dairy cows 
produce approximately 200–250 L of milk [3]. Production diseases, such as mastitis, are the greatest hindrance to a dairy farm’s ability 
to achieve maximum profit [4]. 

Mastitis is an inflammation of the mammary gland, which is considered the most prevalent and costly disease in the dairy industry 
[5]. It is characterized by changes in the physical and chemical characteristics, including the pathological or microbiological changes 
in the mammary gland or milk [6,7]. The economic impacts of mastitis include treatment-related expenses, decreased milk output, 
alterations in product quality, and culling [8]. Therefore, mastitis is quite costly to the dairy sector. The estimated annual loss due to 
mastitis in Bangladesh is Tk 122.6 million (US $2.11 million) [9]. Mastitis infections are also considered either clinical or subclinical 
[10]. 

Clinical mastitis has a detrimental influence on the economy of dairy farms because of abnormal milk, deterioration in milk quality 
[10], lower production (up to 70 %), milk discharge after treatment (9 %), treatment expenses (7 %), labor, premature culling (14 %), 
and death [9,11]. In contrast, subclinical mastitis (SCM) is defined by the absence of clinical symptoms as opposed to an increase in the 
somatic cell count of the milk [12]. Evidence demonstrates that the incidence of subclinical mastitis is 15–40 times higher than that of 
clinical mastitis [13]. 

Numerous previous studies have documented the state of SCM in Bangladesh and surrounding countries, including India, Sri Lanka, 
and Pakistan [9,14–16]. In Bangladesh, the majority of dairy cows are crossbred, and crossbred cows have a higher prevalence of SCM. 
The prevalence of SCM in crossbred dairy cows in Bangladesh has been reported as ranging between 28.5 % and 61.3 % [1]. 

Subclinical mastitis (SCM) is caused by several bacteria [10]. Inflammation in mammary gland tissues can be induced by both 
gram-positive and gram-negative bacteria in equal measure [17]. However, species of bacteria, such as Staphylococcus spp., Klebsiella 
spp., and Escherichia coli, play important roles in the development of these diseases [18–21]. 

Staphylococcus aureus (S. aureus), Escherichia coli (E. coli), and Klebsiella pneumoniae (K. pneumoniae) are known to produce several 
virulence factors that contribute to the pathogenesis of mastitis. S. aureus can produce a range of toxins and enzymes such as coagulase, 
hemolysins, and proteases [22], which help it evade the host immune response and damage host tissues [23]. E. coli, on the other hand, 
utilizes adhesins, endotoxins, and siderophores to establish infection and acquire essential nutrients in the host environment. 
K. pneumoniae is known for its thick polysaccharide capsule, which enhances its ability to resist phagocytosis and antimicrobial agents, 
making it a formidable pathogen in mastitis [24]. Understanding these virulence mechanisms is crucial for developing effective 
strategies to control and prevent mastitis in dairy herds. The presence of these ESBL and other antibiotic resistance genes is crucial, as 
they significantly complicate the treatment of subclinical mastitis by conferring resistance to a wide range of commonly used anti-
biotics. Furthermore, virulence factors associated with these pathogens enhance their ability to colonize and invade host tissues, 
exacerbating the severity of the disease and posing a considerable challenge for effective management and control in the dairy sector. 

Staphylococcus spp. (coagulase-negative) are the most prevalent infectious bacteria that cause mastitis [25,26]. S. aureus infection 
of the mammary gland remains a significant concern in the global dairy sector [27]. K. pneumoniae has been shown to be one of the 
environmental causes [24] that lead to mastitis and there have been a significant number of studies conducted on the topic [28-31]. 
Klebsiella mastitis causes significantly greater harm to milk production and survival rates than E. coli mastitis [32,33]. In some cases, 
E. coli is the most influential bacterium responsible for clinical mastitis [29]. Mastitis is a highly costly disease that adversely affects 
milk productivity and quality [34]. It leads to a 30 % reduction in milk yield per affected quarter and an overall 15 % decrease per cow 
per lactation. The economic impact of mastitis includes decreased milk production, increased culling of cows, higher medication 
expenses, and costs related to cow death and replacement [35]. Coliform mastitis causes a greater incidence (30–40 %) of cow death 
and/or agalactia-related culling in dairy cows [36], as well as subclinical infections that persist for extended periods of time [37]. 

These pathogens are also involved in the transmission of significant zoonotic diseases to humans, including as tuberculosis, 
brucellosis, leptospirosis, and streptococcal sore throat [38,39]. Therefore, antibiotic therapy is a crucial method of infection control 
for both bovine mastitis and human illnesses [40]. According to the findings of earlier studies, the bacteria S. aureus, E. coli, and 
K. pneumoniae develop resistance to several classes of antimicrobial drugs because of the selective pressures exerted by antimicrobials 
[40]. Multidrug resistance has been increased all over the world that is considered a public health threat [41,42]. Several recent 
investigations reported the emergence of multidrug-resistant bacterial pathogens from different origins that increase the necessity of 
the proper use of antibiotics [43]. Besides, the routine application of the antimicrobial susceptibility testing to detect the antibiotic of 
choice as well as the screening of the emerging MDR strains [44–46]. The majority of pathogens causing subclinical mastitis exhibit 
resistance to multiple drugs [43] making the selection of appropriate antimicrobials for clinical therapeutic purposes a crucial and 
challenging task for veterinarians and farmers [17]. Therefore, the identification of suitable (sensitive) drugs for the treatment of 
subclinical mastitis is essential and holds significant benefits for both farmers and the affected animals. Regrettably, the essential 
approach is not adequately explored in the Sylhet region of Bangladesh. Consequently, farmers are consistently facing the silent threat 
of subclinical mastitis (SCM), given that cows affected by SCM may appear healthy. In addition, E. coli and Klebsiella are categorized as 
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“critical mastitis pathogens” [24] by the World Health Organization (WHO) in an order to tackle antibiotic resistance [47]. 
Subclinical mastitis not only caused massive economic harm to the dairy industry, but it also serves as a source of infection for 

healthy milk cows, which is one of the most significant impediments to Bangladesh reaching milk self-sufficiency. Since relatively little 
study has been conducted on mastitis in north western part of Bangladesh [48,49]. S. aureus, K. pneumoniae, and E. coli from bovine 
SCM in the Sylhet region have not yet been characterized at the molecular level. This study aimed to investigate the molecular 
prevalence and antimicrobial susceptibility profile and resistant genes detection of pathogens (S. aureus, E. coli, and K. pneumoniae) 
causing SCM. 

2. Materials and methods 

2.1. Study design, location and sampling strategy 

A cross-sectional investigation was conducted in 12 Upazilas (sub-districts) situated in the Sylhet district of Bangladesh, encom-
passing Balaganj, Beanibazar, Biswanath, DakkhinSurma, Fenchuganj, Golapganj, Gowainghat, Jaintapur, Kanaighat, Osmaninagar, 
Sylhet Sadar, and Zakiganj. The geographical coordinates of these Upazilas ranged between approximately 24◦36′ to 25◦11′ North 
latitude and 91◦38′ to 92◦30′ East longitude, as depicted in Fig. 1. The minimum number of sample size was estimated according to the 
prevalence of SCM investigated by Kayesh et al. (2014) [50] in Bangladesh who found the prevalence 28.50 %.  

n = {Z2 × p × (1-p)} / d2;                                                                                                                                                            

Where, n = Desired sample size; Z = 1.96 for 95 % confidence interval; p = 0.285, Expected prevalence (28.5 %); d = 0.05, Desired 
absolute precision (5 %) 

This thoughtful choice of prevalence percentage was intended to optimize the sample size. Following the calculation, a total of 313 
milk samples were determined as necessary for estimating SCM. The study was then conducted using 325 milk samples (Pooled 
sample) collected from 325 cows across 52 herds, through convenience sampling strategy from November 2021 to May 2022. 

Fig. 1. Geographical mapping of study area showing sample size and prevalence of subclinical mastitis (SCM) in Sylhet district of Bangladesh. The 
map was created using ArcMap 10.7. 
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2.1.1. Collection of data on farm management 
The data were collected through the direct methods with the face-to-face interview. A sequential series of pretested validated 

questionnaires were used for the systematic collection of data on various aspects viz., Husbandry practices, and individual animal level 
attributes. Our methods included the use of a pre-tested questionnaire including open and closed answers, administered by trained 
veterinarians (natives) in the native language. The different level predictor variables were collected in this study such as: Animal 
demographic variable (age, breed, lactation stage, parity, body condition score, milk yield); farm ownership information (age of the 
owner, sex, education level, establishment of farm); management type information (type of floor, rearing system, direct sunlight, shed 
cleaning, overall farm hygiene, grazing type, milking technique, bedding materials, stall partition, water supply). 

2.2. Platform test of SCM 

The modified Whiteside test (MWST), outlined by Dunn and Murphy [51], and served as the platform test to detect SCM [52] 
(Fig. 2A.). All the positive SCM milk samples underwent a pre-enrichment step by being cultured in Trypticase Soya Broth (HiMedia 
Laboratories Pvt. Ltd., Mumbai, India) at a 1:10 ratio. The cultures were then incubated at 37 ◦C for a duration of 24 ± 2 h. The positive 
response of the modified Whiteside test (MWST) for diagnosing subclinical mastitis is detailed in Table 2 and depicted in Fig. 1, 
featuring four grading reactions. Negative (− ) cases were identified through the observation of an opaque and milky mixture. For 
traces of subclinical mastitis (SCM), the reaction displayed an opaque and milky appearance with fine coagulated particles. Grade (1+) 
SCM was identified by examining a less opaque but still fairly milky background, with larger coagulated particles present and densely 
dispersed. A Grade (2+) reaction exhibited a background with a slightly watery appearance and significant clumps of coagulated 
material. Finally, a Grade (3+) reaction produced a distinct watery background and a whey-like consistency with large masses of 
coagulated material forming strings and shreds. 

2.3. Isolation and identification of bacteria by culture and biochemical methods 

After the pre-enrichment process, each milk sample underwent the isolation of S. aureus, E. coli, and K. pneumoniae using estab-
lished culture and biochemical methods as per previously outlined protocols [60–62]. E. coli was isolated using McConn’s traditional 
culture methods [63]. The bacteria were then cultured on selective media, including Eosin Methylene Blue (EMB) and MacConkey agar 
(both from Oxoid, UK), where positive isolates exhibited a characteristic green metallic sheen. The purity of E. coli cultures was 
confirmed through Gram staining and various biochemical tests, such as sugar fermentation, MRVP, citrate utilization, motility, indole, 
and urease tests. For isolation of K. pneumoniae, the samples were cultured on EMB agar at 37 ◦C for 24 h. Presumptive colonies 
(circular, dome-shaped, mucoid pink) were subcultured on MacConkey (Oxoid, UK) and nutrient agar (HiMedia Laboratories Pvt. Ltd., 

Fig. 2. Subclinical mastitis (SCM) detection according to MWST grading reaction (Fig. 2A); Amplified DNA of E. coli (Fig. 2B), K. pneumoniae 
(Fig. 2C), S. aureus (Fig. 2B) and their positive DNA bands were shown at 468 bp, 108 bp and 447 bp respectively. NC, M represent negative control 
and ladder DNA markers respectively. 
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Mumbai, India). Biochemical characteristics of K. pneumoniae were assessed using MIU agar for motility, indole, and urease tests, 
Simmons’s Citrate Agar (HiMedia Laboratories Pvt. Ltd., Mumbai, India) for citrate utilization, and MRVP agar for Methyl 
Red/Voges-Proskauer tests (HiMedia Laboratories Pvt. Ltd., Mumbai, India). For isolation of S. aureus, samples were cultured on 
Mannitol Salt Agar (MSA; Oxoid, UK) plates at 37 ◦C for 24 h. Presumptive S. aureus colonies, indicated by yellow zones due to 

Table 1 
The primer sequences, amplicon sizes and target genes for Identification of specific organism and resistance genes by PCR.  

Type of PCR Primers (Gene) Targeted Genes/Organism Primer sequences Amplicon size (bp) Reference 

UniPCR nuc S. aureus F-GCGATTGATGGTGATACGGTT 447 [53] 
R-AGCCAAGCCTTGACGAACTAAAGC 

rpoB K. pneumoniae F-CAACGGTGTGGTTACTGACG 108 [54] 
R-TCTACGAAGTGGCCGTTTTC 

phoA E. Coli F-GGTAACGTTTCTACCGCAGAGTTG 468 [55] 
R-CAGGGTTGGTACACTGTCATTACG 

mPCR-I blaTEM TEM-1 F-CATTTCCGTGTCGCCCTTATTC 800 [56] 
R-CGTTCATCCATAGTTGCCTGAC 

blaSHV SHV-1 F-AGCCGCTTGAGCAAATTAAAC 713 
R-ATCCCGCAGATAAATCACCAC 

blaOXA OXA-1 F-GGCACCAGATTCAACTTTCAAG 564 
R-GACCCCAAGTTTCCTGTAAGTG 

blaCTX-M1 CTX-M-1 F-TTAGGAAATGTGCCGCTGTA 688 
R-CGATATCGTTGGTGGTACCAT 

blaCTX-M2 CTX-M-2 F-CGTTAACGGCACGATGAC 404 
R-CGATATCGTTGGTGGTACCAT 

blaCTX-M9 CTX-M-9 F-TCAAGCCTGCCGATCTGGT 561 
R-TGATTCTCGCCGCTGAAG 

MultiCase 
ACC 

ACC-1 & ACC-2 F-CACCTCCAGCGACTTGTTAC 346 
R-GTTAGCCAGCATCACGATCC 

MultiCase 
MOX 

MOX F-GCAACAACGACAATCCATCCT 895 
R-GGGATAGGCGTAACTCTCCCAA 

MultiCase 
DHA 

DHA-1 & DHA-2 F-TGATGGCACAGCAGGATATTC 997 
R-GCTTTGACTCTTTCGGTATTCG 

UniPCR tet(A) Tetracycline F-GGCGGTCTTCTTCATCATGC 502 [57] 
R-CGGCAGGCAGAGCAAGTAGA 

AAC (3)-iv Gentamycin F-AGTTGACCCAGGGCTGTCGC 333 [58] 
R-GTG TGC TGC TGG TCC ACA GC 

Sul1 Sulfonamide F-CGGCGTGGGCTACCTGAACG 433 [59] 
R-GCCGATCGCGTGAAGTTCCG  

Table 2 
Prevalence of bovine subclinical mastitis (SCM) in Sylhet district with their different predictors.  

Predictors Total No. tested No. of positive Prevalence % (95 % CI) p-value 

Animal and Herd level    0.011 
Animal 325 211 64.92 (59.46–70.11)  
Herd 52 43 82.69 (69.67–91.77) 
Location    0.056 
Sylhet Sadar 45 30 66.67 (51.05–80.00)  
Beanibazar 25 17 68.00 (46.50–85.05) 
Balaganj 30 16 53.33 (34.33–71.66) 
Bishwanath 25 20 80.00 (59.30–93.17) 
South Surma 22 18 81.82 (59.72–94.81) 
Fenchuganj 20 15 75.00 (50.00–91.34) 
Golapganj 30 20 66.67 (47.19–82.71) 
Gowainghat 27 17 62.96 (42.37–80.60) 
Jaintapur 30 17 56.67 (38.93–74.40) 
Kanaighat 26 10 38.46 (20.23–59.43) 
Osmaninagar 25 15 60.00 (38.67–78.87) 
Zakiganj 20 16 80.00 (56.34–94.27) 
Etiologic agents on SCM positive samples (n ¼ 211)    <0.001 
E. coli  173 81.99 (76.13–86.93)  
K. pneumoniae 141 66.82 (60.03–73.14) 
S. aureus 67 31.75 (25.53–38.50) 
MWST Grading on SCM positive milk (n ¼ 211)    <0.001 
Trace  36 17.06 (12.25–22.83)  
1+ 43 20.38 (15.16–26.45) 
2+ 56 26.54 (20.71–33.04) 
3+ 76 36.02 (29.54–42.89)  

MWST: Modified Whiteside Test; CI: Confidence Interval. 
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mannitol fermentation, were subcultured on Nutrient agar (Oxoid, UK). The identity of S. aureus was confirmed by Gram staining 
(Gram stain kit, Remel, Kansas, USA), revealing grape-like clusters, and through biochemical tests such as coagulase, catalase, and 
DNase tests using standard protocols. Following the culture and biochemical testing, the positive samples were prepared for genomic 
DNA extraction [62] as well as polymerase chain reaction (PCR). 

2.4. Bacterial genomic DNA extraction 

The genomic DNA from isolated S. aureus, K. pneumoniae, and E. coli strains was extracted utilizing a DNA extraction kit (AddBio 
Inc. Ltd., Daejeon, Korea) in adherence to the manufacturer’s instructions. Sets of reference primers specific to S. aureus, E. coli, and 
K. pneumoniae target genes were employed for amplification [64–67]. Detailed primer information, including sequences, is provided in 
Table 1. The requisite thermal cycling conditions, encompassing temperature and duration, are elucidated in Supplementary 
Tables 1–5. 

2.5. Gel electrophoresis 

A 100 mL solution of 1.5 % agarose was prepared for S. aureus, K. pneumoniae, and E. coli, incorporating Agarose LE from ADD BIO 
INC., Korea, and 1X TAE buffer. The solution was cooled to a temperature range of 50–55 ◦C, followed by the addition of 5 μL of a safe 
gel stain dye. Gel electrophoresis was conducted for 30 min at 100 V, and the outcomes were observed under UV trans-illumination 
using a gel documentation system [65,66] manufactured by Bio-Rad Laboratories Inc. in California, United States. 

2.6. Antimicrobial susceptibility testing 

Antimicrobial susceptibility testing was conducted on S. aureus, E. coli, and K. pneumoniae isolates using the Kirby-Bauer disk 
diffusion method on Mueller-Hinton agar (Hi Media Laboratories Pvt. Ltd., Mumbai, India) [68], and the diameter of the inhibition 
zone was assessed following the guidelines set forth by the Clinical and Laboratory Standards Institute (CLSI M100 2020). Employing 
the disk diffusion method, we evaluated the sensitivity and multi-drug resistance profile of S. aureus, K. pneumoniae, and E. coli against 
a panel of seventeen (17) routinely used antimicrobial disks (Oxoid, UK) including 11 different antimicrobial classes as Penicillin: 
ampicillin (AMP, 10 μg), amoxicillin (AMX, 10 μg); Tetracyclines: tetracycline (TE, 30 μg); Cephems: cefuroxime (CXM, 30 μg), 
ceftriaxone (CTR, 30 μg), ceftazidime (CAZ, 30 μg), cefotaxime (CTX, 30 μg); Quinolones: ciprofloxacin (CIP, 5 μg), nalidixic acid (NA, 
30 μg); Macrolides: azithromycin (AZM, 15 μg); Folate pathway antagonists: trimethoprim-sulfamethoxazole (COT, 1.25/23.75 μg); 
Aminoglycosides: gentamicin (GEN, 10 μg), amikacin (AK, 30 μg); Monobactams: aztreonam (AT, 30 μg); Penems: meropenem (MEM, 
10 μg), imipenem (IMP, 10 μg); Phenicols: chloramphenicol (CL, 30 μg); Lipopeptides: colistin (CL, μg). Isolates displaying resistance to 
at least three different antibiotic classes were classified as multidrug-resistant (MDR) [69]. Extensively Drug-Resistant (XDR) bacteria 
are non-susceptible to at least one agent in all but two or fewer antimicrobial categories [42] (i.e., bacterial isolates remain susceptible 
to only one or two categories). Pan Drug-Resistant (PDR) bacteria are non-susceptible to all agents in all antimicrobial categories, 
meaning the bacterial isolates are resistant to all available antimicrobial agents [70]. 

2.7. Multiple antibiotic resistance (MAR) index 

The MAR index was computed and assessed based on the method outlined by Refs. [71,72] employing the formula: MAR= (The 
number of antibiotics to which an isolate was resistant)/(The total number of antibiotics tested). 

MAR index values ranged from 0 to 1, with proximity to zero signifying high sensitivity and values nearing 1 indicating extreme 
resistance. A MAR index equal to or greater than 0.20 was considered indicative of a high-risk source for bacterial contamination or a 
state of significant “resistance” [73]. 

2.8. Statistical analysis 

All data were collated, categorized, and structured within Excel spreadsheets. The prevalence of different diseases was computed 
using the following formula [74]: 

Prevalence=
Number of current

cases(new and preexisting)at a specified point in time
Population at the same specified point in time

Х100 

A univariate analysis was performed employing the Chi-square test to evaluate associations among various explanatory variables. 
In instances where the expected count in a cell was below 5 and occurred in at least 20 % of the cells, Fisher’s Exact Test was employed. 
Confidence intervals were determined using the Binomial exact test, with a significance level of less than 0.05 chosen to establish 
statistical significance. The data analysis was conducted using SPSS version 26 (SPSS, Chicago, IL). Additionally, we employed Origin- 
Pro (www.originlab.com) and utilized the Venn diagram file exchange format and this allowed creating informative Venn diagram 
offering a comprehensive view of the data [75,76]. The heatmap was created using OriginPro 2024 with “Heat map with Dendrogram” 
packages [76], and the correlation plot was created using the “metan” package on R and RStudio 4.3.2 version. 
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3. Results 

Subclinical mastitis (SCM), a silent threat in the dairy sector of Bangladesh, poses a significant economic impact and serves as a 
potential source of infection for healthy cows, hindering efforts to achieve milk self-sufficiency. Despite the importance of this issue, 
limited research has been conducted on mastitis in the Sylhet region of Bangladesh. This study aimed to investigate the molecular 
prevalence, antimicrobial susceptibility profile, and resistant genes detection of pathogens (S. aureus, E. coli, and K. pneumoniae) 
causing subclinical mastitis. The identification of these mastitis-causing organisms was performed using both uniplex and multiplex 
PCR. Subsequently, antimicrobial susceptibility testing (AST) was conducted on the positive isolates to detect antibiotic resistance. 
Finally, ESBL and other commonly used antibiotic resistance genes were detected and evaluated, highlighting the critical need for 
targeted antimicrobial stewardship and effective control measures in the Sylhet region of Bangladesh. 

3.1. Demography of farm owner and farm management 

Most farm owners (61.5 %; 32/52) were middle-aged, between 30 and 50 years old. The majority of farm owners in the region were 
male (82.7 %; 43/52), with a smaller proportion being female (17.3 %; 9/52). Educational levels varied, with larger farm owners 
generally having higher education, while smaller farmers typically had education ranging from primary to higher secondary levels. 

Most farms predominantly practiced a face-in rearing system (80.7 %) for the cows, with the majority featuring concrete flooring 
(82.7 %). A significant portion of the farms had facilities that allowed direct exposure to sunlight (65.4 %). Farm hygiene practices 
varied, with most farms (53.8 %) performing cleaning twice daily. Free grazing facilities were limited, with most farms prohibiting 
green grass grazing; only a small fraction of farms (15.4 %) allowed their animals to graze freely on recognized pasture land. Straw was 
commonly used as bedding material (44.2 %) for cows. Additionally, most farms (71.2 %) had stall partitions in their milking cow 
sheds. Hand milking was the predominant technique (90.4 %), with farmers typically employing a milking man for this purpose. The 
majority of farms (86.5 %) used deep ground water for drinking, ensuring safe water for the cows, while some relied on deep tube well 
water. 

3.2. Detection of subclinical mastitis through Modified Whiteside Test approach 

In Tables 2, it was observed that out of a total of 325 milk samples, the MWST indicated 211 samples as positive for SCM. Spe-
cifically, 36 milk samples were identified as trace SCM positive, 43 as Grade (1+) SCM positive, 56 as Grade (2+) SCM positive, and 76 
as Grade (3+) SCM positive, with prevalence rates of 17.06 %, 20.38 %, 26.54 %, and 36.02 %, respectively. 

Table 2 further provides information on the collection of milk samples from each of the 12 upazilas in the Sylhet district, detailing 
the number of SCM-positive cases identified and their prevalence rates. Notably, South Surma reported the highest prevalence of SCM 
at 81.82 %, followed by Zakiganj at 80 %, while Kanaighat exhibited the lowest incidence at 38.46 %. 

3.2.1. Prevalence on cow-specific variable 
The prevalence of subclinical mastitis (SCM) among cattle in Sylhet exhibited significant variations across different cow-specific 

Table 3 
Prevalence of SCM on cow-specific explanatory variable.  

Variable Category x/N Prevalence (%) χ2 p-value 

Age (year)    15.8 <0.001  
3.5–5 51/103 49.5   
5–8 149/207 72.0 
8 above 11/15 73.3 

Breed    26.9 <0.001  
Indigenous 33/81 40.7   
Cross (HF x local) 131/182 72.0 
HF 46/62 74.2 

Lactation stage (days)    6.2 0.045  
Early (<90) 40/75 53.3   
Middle (90–180) 93/137 67.9 
Late (>180) 78/113 69.0 

Parity    6.9 0.008  
Primiparous 57/103 55.3   
Multiparous 154/222 69.4 

Milk yield (litre)    21.2 <0.001  
Less than 5 13/40 32.5   
5–15 150/218 68.8 
15+ 48/67 71.6 

Body weight (kg)    68.28 <0.001  
Less than 100 26/67 38.8   
100–300 161/227 70.9 
300+ 24/31 77.4 

HF: Holstein Friesian, x = number of animals tested positive, N = Total number of animals tested. 
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explanatory variables (Table 3). Age-wise, the highest prevalence of SCM was observed in cows aged 8 years and above (73.3 %), while 
the lowest was in the 3.5–5 year age group (49.5 %) (p < 0.001). Breed-wise, Holstein Friesians (HF) had the highest prevalence (74.2 
%), compared to indigenous breeds, which had the lowest (40.7 %) (p < 0.001). In terms of lactation stage, cows in the late lactation 
stage (>180 days) showed the highest prevalence (69.0 %), whereas those in the early lactation stage (<90 days) had the lowest (53.3 
%) (p = 0.045). Multiparous cows exhibited a higher prevalence (69.4 %) compared to primiparous cows (55.3 %) (p = 0.008). 
Regarding milk yield, cows producing 15+ liters of milk per day had the highest prevalence (71.6 %), while those producing less than 
5 L had the lowest (32.5 %) (p < 0.001). Finally, body weight was also a significant factor, with the highest prevalence found in cows 
weighing over 300 kg (77.4 %), and the lowest in those under 100 kg (38.8 %) (χ2 = 68.28, p < 0.001). These findings indicate strong 
associations between SCM prevalence and factors such as age, breed, lactation stage, parity, milk yield, and body weight (Table 3). 

3.3. Detection of E coli, K. pneumoniae, S. aureus through PCR 

Upon initial identification through cultural and biochemical examination, affirmative specimens underwent subsequent confir-
mation via PCR testing utilizing specific primer sets designed for detecting the phoA gene of E. coli, rpoB gene of K. pneumoniae, and nuc 
gene of S. aureus (Table 1). Subsequent analysis through agarose gel electrophoresis under a UV transilluminator authenticated all 
isolates, exhibiting discernible bands at 468bp for E. coli, 108bp for K. pneumoniae, and 447bp for S. aureus (Table 1, Fig. 2). 

In the case of E. coli, following initial identification through culture and biochemical assays, all 173 positive samples were sub-
sequently confirmed via PCR, displaying the expected 468bp band (Table 1, Fig. 2B.), resulting in an observed prevalence of E. coli at 
81.99 %. For K. pneumoniae, subsequent to primary detection through culture and biochemical assessments, all positive samples 
underwent PCR analysis, with 141 samples confirming positivity as K. pneumoniae, as evidenced by the anticipated 108bp band 
(Table 1, Fig. 2C.). This yielded a calculated prevalence of K. pneumoniae at 66.82 %. Similarly, subsequent to concluding culture and 
biochemical examinations, all positive samples were definitively confirmed through PCR, with 67 samples affirming positivity for 
S. aureus, as indicated by the anticipated 447bp band (Table 1, Fig. 2D.). This resulted in a determined prevalence of S. aureus at 31.75 
%. 

All E. coli isolates from individual upazilas were validated through PCR, indicating that Bishwanath upazila demonstrated the 
highest prevalence rate at 72 %, while Kanaighat upazila reported the lowest prevalence rate at 26.92 % (Fig. 3). PCR confirmation for 
K. pneumoniae isolates in each upazila revealed Zakiganj upazila as having the highest prevalence rate at 60 %, whereas Jaintapur 
upazila exhibited the lowest prevalence rate at 23.33 % (Fig. 3). Additionally, PCR confirmation for S. aureus isolates from each upazila 
indicated Zakiganj upazila with the highest prevalence rate of 45.00 %, while Balaganj upazila displayed the lowest prevalence rate at 
10.00 % (Fig. 3). Furthermore, the prevalence at the animal and herd levels was determined to be 82.69 % and 64.92 %, respectively 
(Fig. 4). 

3.4. Mixed (multi-causal agents) infection 

When examining SCM-positive isolates, those found to be positive for two or more causal agents were categorized as having a multi- 
causal agent infection. Out of 211 isolates that tested positive for SCM, 74 were identified as having a multi-causal agent infection, 
accounting for 35.07 % (95 % CI: 28.65–41.92). Fig. 4 depicts the correlation between causative agents and the occurrence of SCM. 
Interestingly, 14 samples tested positive for all three isolated organisms in this study. Among the cases of mixed infections, it was 

Fig. 3. Molecular prevalence of E. coli, K. pneumoniae, S. aureus isolated from milk samples in Sylhet district of Bangladesh.  

A.A. Emon et al.                                                                                                                                                                                                       



Heliyon 10 (2024) e34567

9

observed that E. coli and K. pneumoniae together were primarily responsible for the majority of SCM cases in this region. 

3.5. Phenotypic characteristic of the recovered isolates and MDR, XDR, PDR and MAR index 

Out of a total of 381 isolates from E. coli, K. pneumoniae, and S. aureus, 374 isolates (98.16 %) demonstrated MDR, surpassing a MAR 
index value of 0.20, as detailed in Table 4. Specifically, for E. coli, all identified multi-drug resistant isolates exhibited distinct MAR 
patterns ranging from 0.41 to 0.65 (Table 4, Fig. 5D.). Among these, the highest number of patterns was observed where the organism 
displayed resistance to 11 antibiotics across 7 classes (AMP-AMX-CXM-CTR-CTX-CAZ-TE-CL-AZM-C-NA). Similarly, for K. pneumoniae, 
all multi-drug resistant isolates showcased varied MAR patterns ranging from 0.24 to 0.76 (Table 3, Fig. 5D.). The most prevalent 
pattern involved resistance to 7 antibiotics from 5 classes (AMP-AMX-AK-CXM-CAZ-TE-CL). Regarding S. aureus, out of 67 isolates, 17 
isolates with multi-drug resistance exhibited diverse MAR patterns ranging from 0.18 to 0.71 (Fig. 5D.). Among them, the predominant 
pattern featured resistance to 4 antibiotics across 2 classes (AMP-AMX-CXM-CAZ). No PDR (Pan Drug Resistant) isolates were detected 
among the mastitis-causing bacteria. For E. coli, no isolates were identified as either XDR (Extensively Drug Resistant) or PDR. 
However, 33 isolates of K. pneumoniae and 4 isolates of S. aureus were classified as XDR (Table 4). 

3.6. Determination of antimicrobial susceptibility pattern 

Table 5 presents the antibiotic sensitivity profile of 173 E. coli isolates. Notably, ciprofloxacin, amikacin, meropenem, and 
gentamicin exhibited the highest susceptibility among E. coli isolates. Specifically, 100 % of the isolates demonstrated susceptibility to 
ciprofloxacin, followed by 90.01 % to amikacin, 82.65 % to meropenem, and 79.77 % to gentamicin. Conversely, the utmost resistance 
was observed against ampicillin (100 %), amoxicillin (100 %), cefuroxime (100 %), and tetracycline (100 %) (Fig. 5A.). 

The antibiotic sensitivity patterns of 141 K. pneumoniae isolates are delineated in Table 5 meropenem, sulfamethoxazole- 
trimethoprim, amikacin, gentamicin, and ciprofloxacin exhibited the highest susceptibility in K. pneumoniae. Meropenem demon-
strated 100 % sensitivity, followed by 88.65 % for sulfamethoxazole-trimethoprim, 78.01 % for amikacin, 77.30 % for gentamicin, and 
75.17 % for ciprofloxacin. Conversely, the highest resistance levels were noted against ceftazidime (100 %), tetracycline (100 %), 
amoxicillin (100 %), and ampicillin (88.5 %) (Fig. 5B.). 

The antibiotic sensitivity profile of S. aureus is also depicted in Table 5. S. aureus exhibited heightened susceptibility to amikacin, 
meropenem, sulfamethoxazole-trimethoprim, ceftriaxone, and gentamicin. Specifically, 100 % sensitivity was observed for mer-
openem, amikacin, and sulfamethoxazole-trimethoprim, while ceftriaxone and gentamicin displayed 79.10 % and 71.64 % sensitivity, 
respectively. Conversely, cefuroxime (100 %), amoxicillin (100 %), and ampicillin (100 %) exhibited the highest resistance against 
S. aureus (Fig. 5C.). 

3.7. Detection of resistant genes 

Table 6 (six) illustrates the prevalence of various antibiotic-resistant genes in E. coli, K. pneumoniae, and S. aureus positive isolates, 
with corresponding p-values derived from the chi-square goodness of fit test. The blaTEM gene is significantly more prevalent in E. coli 

Fig. 4. Venn diagram showing the interaction among the pathogens that were responsible for causing SCM.  
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(60.7 %) compared to K. pneumoniae (42.5 %) and S. aureus (16.4 %) (p < 0.001), indicating a higher resistance to certain beta-lactam 
antibiotics in E. coli. Conversely, the blaOXA and blaCTX-M1 genes do not show significant differences in prevalence among the three 
bacterial species (p > 0.05). Notably, the MultiCaseDHA gene, associated with resistance to multiple antibiotics, is significantly more 
prevalent in E. coli (21.4 %) compared to K. pneumoniae (5.7 %) and S. aureus (7.5 %) (p < 0.001). There was no detection of blaSHV, 
blaCTX-M9, MultiCaseACC, MultiCaseMOX. Furthermore, the tet(A) gene, which confers resistance to tetracycline, has the highest preva-
lence in E. coli (90.8 %), followed by K. pneumoniae (74.5 %), and is least prevalent in S. aureus (14.9 %) (p < 0.001). Similarly, the AAC 
(3)-iv gene, related to gentamicin resistance, is found at a significantly higher rate in E. coli (24.3 %) compared to K. pneumoniae (2.1 
%) and S. aureus (10.4 %) (p < 0.001). Lastly, the Sul1 gene, which provides resistance to trimethoprim-sulfamethoxazole, is most 
prevalent in E. coli (27.7 %). 

Table 4 
Phenotypic resistant pattern, MDR, XDR, PDR and MAR index of isolated organisms.  

Isolated organisms Resistance phenotype No. of resistant 
antibiotics (Class) 

Total number 
pattern 

Overall MDR isolates% 
(95 % CI) 

MAR 
index 

XDR PDR 

E. coli (N = 173) AMP-AMX-CXM-CTR-CTX-CAZ- 
TE-CL-AZM-C-NA 

11 (7) 52 100 % (97.89–100) 0.65 No No 

AMP-AMX-CXM-CTX-CAZ-TE-CL- 
AZM-C-NA 

10 (7) 17 0.59 No No 

AMP-AMX-CXM-CTX-CAZ-TE-CL- 
AZM-NA 

09 (6) 35 0.53 No No 

AMP-AMX-CXM-CTX-CAZ-TE- 
AZM-NA 

08 (5) 17 0.47 No No 

AMP-AMX-CXM-CTX-CAZ-COT- 
TE-AZM-NA 

09 (6) 17 0.53 No No 

AMP-AMX-CXM-CTX-CAZ-COT- 
GEN-TE-AZM-NA 

10 (7) 02 0.59 No No 

AMP-AMX-CXM-CTX-CAZ-COT- 
GEN-TE-AZM 

09 (6) 10 0.53 No No 

AMP-AMX-CXM-CAZ-COT-GEN- 
TE-AZM 

08 (6) 06 0.47 No No 

AMP-AMX-CXM-CAZ-COT-GEN-TE 07 (5) 17 0.41 No No        

K. pneumoniae (N =
141) 

AMP-AMX-AK-CXM-CTR-CTX- 
CAZ-IMP-TE-CL-AZM-C-COT 

13 (09) 15 100 % (97.42–100) 0.76 Yes No 

AMP-AMX-AK-CXM-CTR-CAZ- 
IMP-TE-CL-AZM-C-COT 

12 (09) 01 0.71 Yes No 

AMP-AMX-AK-CXM-CTR-CAZ- 
IMP-TE-CL-AZM-C 

11 (08) 17 0.65 Yes No 

AMP-AMX-AK-CXM-CTR-CAZ- 
IMP-TE-CL-AZM 

10 (07) 14 0.59 No No 

AMP-AMX-AK-CXM-CTR-CAZ-TE- 
CL-AZM 

09 (06) 01 0.53 No No 

AMP-AMX-AK-CXM-CAZ-TE-CL- 
AZM 

08 (06) 17 0.47 No No 

AMP-AMX-AK-CXM-CAZ-TE-CL 07 (05) 33 0.41 No No 
AMP-AMX-AK-CXM-CAZ-TE 06 (04) 01 0.35 No No 
AMP-AMX-AK-CAZ-TE 05 (04) 28 0.29 No No 
AMX-AK-CAZ-TE 04 (04) 14 0.24 No No        

S. aureus (N = 67) AMP-AMX-CXM-CTR-CTX-CAZ- 
IMP-TE-CL-AZM-C-NA 

12 (08) 02 25.37 % (15.53–37.49) 0.71 Yes No 

AMP-AMX-CXM-CTX-CAZ-IMP- 
TE-CL-AZM-C-NA 

11 (08) 02 0.65 Yes No 

AMP-AMX-CXM-CTX-CAZ-IMP-CL- 
AZM-C-NA 

10 (07) 02 0.59 No No 

AMP-AMX-CXM-CTX-CAZ-IMP-CL- 
AZM-C 

09 (06) 05 0.53 No No 

AMP-AMX-CXM-CTX-CAZ-IMP-CL- 
C 

08 (05) 02 0.47 No No 

AMP-AMX-CXM-CTX-CAZ-CL-C 07 (04) 03 0.41 No No  
AMP-AMX-CXM-CTX-CAZ-CL 06 (03) 01  0.35 No No 
AMP-AMX-CXM-CTX-CAZ 05 (02) 10 0.29 No No 
AMP-AMX-CXM-CAZ 04 (02) 33 0.24 No No 
AMP-AMX-CXM 03 (02) 07 0.18 No No 

Ampicillin (AMP), amoxicillin (AMX), gentamicin (GEN), amikacin (AK), cefuroxime (CXM), ceftriaxone (CTR), cefotaxime (CTX), ceftazidime (CAZ), 
imipenem (IMP), meropenem (MEM), tetracycline (TE), ciprofloxacin (CIP), colistin (CL), azithromycin (AZM), chloramphenicol (C), 
sulfamethoxazole-trimethoprim (COT), nalidixic Acid (NA); MAR: Multiple antibiotic resistant; MDR: Multi-drug resistant; XDR: Extensively drug 
resistant; PDR: Pan drug resistant. 
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Fig. 5. Figure A–C showing the heat map of antimicrobial resistant pattern of E. coli (A), K. pneumoniae (B), S. aureus (C) isolated from milk samples 
and figure D showing the multiple antibiotic resistant (MAR) index of resistant patterns of isolated samples. 

Table 5 
Antibiogram profile of isolated bacteria from bovine subclinical mastitis (SCM) milk in Sylhet district.  

Antibiotics E. coli (n = 173) K. pneumoniae (n = 141) S. aureus (n = 67) 

S (%) I (%) R (%) S (%) I (%) R (%) S (%) I (%) R (%) 

AMP 0 0 100 11.34 0 88.65 0 0 100 
AMX 0 0 100 0 0 100 0 0 100 
GEN 79.77 0 20.23 77.30 22.70 0 71.64 28.35 0 
AK 90.01 9.82 0 78.01 11.34 10.63 100 0 0 
CXM 0 0 100 33.33 0 68.80 0 0 100 
CTR 9.82 60.11 30.05 63.82 4.69 33.33 79.10 17.91 2.98 
CTX 0 13.29 86.70 33.33 56.02 10.64 40.29 19.40 40.29 
CAZ 0 0 100 0 0 100 0 10.44 89.55 
IMP 50.29 49.71 0 20.56 46.80 32.62 16.41 64.17 19.40 
MEM 82.65 17.36 0 100 0 0 100 0 0 
TE 0 0 100 0 0 100 34.32 59.70 5.97 
CIP 100 0 0 75.17 24.82 0 100 0 0 
CL 9.82 30.05 60.11 7.80 24.11 68.08 4.47 70.14 25.37 
AZM 1.15 8.68 90.01 34.04 20.56 45.39 7.46 76.11 16.41 
C 50.28 9.82 39.89 34.75 41.84 23.40 46.26 29.85 23.88 
COT 60.70 9.24 30.05 88.65 0 11.34 100 0 0 
NA 0 19.07 80.92 53.90 46.09 0 % 31.34 59.70 8.95 

Ampicillin (AMP), amoxicillin (AMX), gentamicin (GEN), amikacin (AK), cefuroxime (CXM), ceftriaxone (CTR), cefotaxime (CTX), ceftazidime (CAZ), 
imipenem (IMP), meropenem (MEM), tetracycline (TE), ciprofloxacin (CIP), colistin (CL), azithromycin (AZM), chloramphenicol (C), 
sulfamethoxazole-trimethoprim (COT), nalidixic Acid (NA); S = Sensitive, I = Intermediate, R = Resistan 
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3.8. Resistant genotype and phenotype correlation 

The correlation coefficient (r) indicates a moderately strong to strong positive relationship between the resistant genotype and 
phenotype (Fig. 6). A very strong and significantly positive correlation (r = 0.91, p < 0.001) was observed between the tetracycline 
phenotype (TE) and the tetA genotype. Similarly, a significantly strong correlation (r = 0.87, p < 0.001) was found between the 
gentamicin phenotype and genotype. Additionally, a moderately strong correlation (r = 0.63) was observed between the 
trimethoprim-sulfamethoxazole phenotype (COT) and its corresponding genotype (AAC(3)-iv). 

4. Discussion 

This investigation stands as one of the limited inquiries into bovine SCM in Bangladesh, providing an assessment of the overall 
prevalence of SCM and characterizing the three most common bacteria associated with SCM. The study, conducted in the Sylhet district 
of Bangladesh, disclosed an overall SCM prevalence of 64.92 %. Notably, this prevalence aligns closely with the findings (62.0 %) 
reported in a prior study [77] and falls within the spectrum of SCM prevalence (60–77 %) documented in recent research conducted in 
Bangladesh [78]. This result is much higher than the study findings where it is reported that SCM prevalence is 49.02 % through MWST 
only in Sylhet [79]. The prevalence of SCM varied widely between studies across the four countries, with rates ranging from 
approximately 20 %–80 %, though the overall average prevalence was notably high at 50 % [80]. The diverse occurrence of SCM in 
various countries could be linked to factors such as the hygiene and sanitation practices observed during the milking process, the 
specific stage of lactation, parity, the type of milking procedures employed, and potential genetic influences. This underscores the 
gravity of the situation within the continent’s dairy industry, warranting careful consideration and attention. 

Demographically, SCM was more prevalent among older cows, Holstein Friesian breeds, cows in late lactation stages, multiparous 
cows, high milk yielders, and heavier cows. These findings are consistent with other studies that have identified similar risk factors for 
SCM. The higher prevalence in older cows and high-yielding breeds like Holstein Friesians may be due to increased physiological stress 
and susceptibility to infections. Late lactation stages and multiparity are also associated with changes in immune function and udder 
health, which may predispose cows to SCM. 

The prevalence of E. coli was 81.99 % a significantly elevated rate compared to the findings in Chitwan’s dairy cattle in Nepal 
(16.98 %) and dairy cattle in Ethiopia (33.8 %) [81,82]. The variation in prevalence may be associated with distinct factors such as 
effective hygiene and sanitation practices, udder cleanliness, proper management of teat ends, and appropriate stall conditions [83]. 

This investigation also reveals that the prevalence of K. pneumoniae is recorded at 66.82 %, while S. aureus stands at 31.75 %. This 
observation aligns with the findings of XuehanLi [84]. However, it is noteworthy that the current study’s prevalence of K. pneumoniae 
significantly exceeds the outcomes of two prior studies in China where prevalence rates were reported at 26.94 % and 23 %, 
respectively [85,86]. Additionally, the prevalence of S. aureus in the present study is somewhat lower (45.7 %) compared to a previous 
study conducted in Egypt [87]. 

The occurrence of SCM displayed variations across distinct locations within the Sylhet district. Notably, South Surma recorded the 
highest prevalence of SCM at 81.82 %, closely followed by Zakiganj at 80 %, whereas Kanaighat exhibited the lowest incidence at 
38.46 %. The findings of the current study comparable with those of a prior investigation conducted in diverse regions of Bangladesh 
[1]. This variability in SCM prevalence could be attributed to factors such as geographical location, climatic conditions, housing types, 
milking methods, udder cleanliness during milking, hygienic practices, and the level of knowledge regarding farm bio-security among 
owners in different areas. The detection of extended-spectrum beta-lactamase (ESBL) genes (blaTEM, blaOXA, blaCTX-M1, blaCTX-M2, 
MultiCaseDHA) and other resistance genes (tet(A), AAC(3)-iv, Sul1) further confirms the presence of highly resistant bacterial strains. 
The prevalence of multidrug-resistant (MDR) isolates at 98.16 %, with MAR index values ranging from 0.18 to 0.76, underscores the 
urgent need for targeted antimicrobial stewardship programs. Notably, no pan-drug resistant (PDR) isolates were found, but the 
presence of extensively drug-resistant (XDR) isolates, particularly among K. pneumoniae and S. aureus, is alarming. 

The results of the current study indicate that the Multiple Antibiotic Resistance (MAR) index for E. coli isolates falls within the range 
of 0.41–0.65. Notably, there were 52 distinct resistant patterns observed, involving 11 antibiotics across 7 classes. This contrasts with a 
study conducted in Ghana, where the MAR index ranged from 0.0 to 0.7, and 22 resistant patterns were identified [88]. Moreover, all 
E. coli isolates exhibited multidrug resistance, with a MAR index of 0.2 and above, significantly surpassing the results of a previous 

Table 6 
Antimicrobial resistant genes among the positive isolates of pathogens causing SCM.  

Class Resistant Genes E. coli (N = 173) 
(%, x) 

K. pneumoniae (N = 141) 
(%, x) 

S. aureus (N = 67) 
(%, x) 

p-value 

ESBL blaTEM 60.7 (105) 42.5 (60) 16.4 (11) <0.001 
blaOXA 13.3 (23) 7.8 (11) 11.9 (8) 0.270 
blaCTX-M1 17.9 (31) 14.9 (21) 25.4 (17) 0.134 
blaCTX-M2 4.0 (7) 2.1 (3) 7.5 (5) 0.141 
MultiCaseDHA 21.4 (37) 5.7 (8) 7.5 (5) <0.001 

Tetracycline tet(A) 90.8 (157) 74.5 (105) 14.9 (10) <0.001 
Gentamicin AAC (3)-iv 24.3 (42) 2.1 (3) 10.4 (7) <0.001 
Trimethoprim- sulfamethoxazole Sul1 27.7 (48) 12.1 (17) 0 <0.001 

N: Number of samples tested, x: Number of positive samples; Chi-square goodness of fit test. 
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study where only 16 % of isolates were MDR, and 53 % had an MAR index of 0.2 and above [89]. For K. pneumoniae, all isolates in our 
study exhibited multidrug resistance, and the MAR index ranged from 0.24 to 0.76. This closely aligns with the results of a separate 
study in Pakistan, where 44.4 % of isolates were identified as MDR, and the MAR index varied from 0.21 to 0.92 [90]. Concerning 
S. aureus, around 25.37 % of isolates demonstrated MDR, showing MAR indices within the range of 0.18–0.71. This finding is com-
parable to another study conducted in Egypt, where only 16 % of isolates were identified as MDR, and the MAR index was reported as 
0.5 [91]. 

The antibiotic susceptibility of PCR-positive bacterial isolates was evaluated against seventeen commonly used antibiotics. The 
antimicrobial susceptibility test (AST) revealed that all three tested microorganisms displayed multidrug resistance. Specifically, E. coli 
exhibited 100 % resistance to ampicillin, amoxicillin, tetracycline, ceftazidime, and cefuroxime, with the exception of ciprofloxacin, 
which showed 100 % sensitivity. This aligns closely with a prior study indicating the highest resistance against amoxicillin (94.5 %), 
ampicillin (89.5 %), and tetracycline (89.5 %) [92]. Notably, E. coli isolates exhibited a significantly higher level of MDR than pre-
viously reported [93]. Similarly, S. aureus exhibited MDR, with 100 % resistance to ampicillin, amoxicillin, and cefuroxime. The 
prevalence of penicillin resistance (100 %) surpassed rates reported in various regions, including Ethiopia (71.6 %) [94], Estonia (61.4 
%) [95], Korea (52.9 %), Switzerland (31 %), Finland (32 %), and the USA (22.1 %) [96]. However, S. aureus displayed 100 % sus-
ceptibility to amikacin, meropenem, ciprofloxacin, and sulfamethoxazole-trimethoprim, with no resistance to gentamicin. These 
findings align with Gentilini [97] and Kaszanyitzky’s [98] findings. Antibiotic sensitivity test results of K. pneumoniae showed that the 
bacteria are 100 % resistant to amoxicillin, ceftazidime and tetracycline followed by 88.65 % to ampicillin. However, K. pneumoniae 
showed 100 % sensitivity to meropenem as well as no resistance to gentamicin, ciprofloxacin and nalidixic acid. The present study 
findings are comparable to the findings of a study in Pakistan where it is stated that K pneumoniae showed high resistance to van-
comycin, fusidic acid, amoxicillin, sulfamethazine, and chloramphenicol, while highly sensitive to ceftazidime, ciprofloxacin, levo-
floxacin, amikacin, gentamycin, tetracycline, and imipenem [99]. Additionally, our findings align with a Chinese study indicating low 
sensitivity of K. pneumoniae to penicillin (0 %) and amoxicillin (4 %), compared to higher sensitivity to gentamicin (92 %) [100]. 
Overall, the AST results revealed 100 % resistance to amoxicillin across all three bacteria and high resistance to ampicillin, cefuroxime, 
and tetracycline, except for S. aureus, which showed only 5.97 % resistance to tetracycline. In contrast, all three bacteria exhibited high 
sensitivity to meropenem, amikacin, gentamicin, ciprofloxacin, and sulfamethoxazole-trimethoprim. These findings underscore the 
concerning issue of multiple antibiotic resistances, emphasizing the role of antibiotic overuse and misuse in the development of 
bacteria resistant to multiple drug classes. 

Fig. 6. Pearson’s correlation coefficient among the resistant genotype and phenotype of commonly used antibiotics.  
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In conclusion, this research highlights the urgent need for comprehensive strategies to combat antimicrobial resistance in SCM 
pathogens. A collaborative approach involving veterinarians, farmers, and policymakers is crucial for sustainable dairy farming in 
Bangladesh. Future research should explore alternative therapies, including vaccine development and bacteriophage therapy, to 
manage and control SCM effectively. 

5. Conclusion 

This study elucidates the molecular prevalence, antimicrobial susceptibility profiles, and resistance gene identification of patho-
gens causing SCM in dairy cows in Sylhet, Bangladesh. The findings reveal a high prevalence of SCM at both individual animal (64.92 
%) and herd levels (82.69 %). The predominant pathogens identified were S. aureus (31.75 %), E. coli (81.99 %), and K. pneumoniae 
(66.82 %), with a notable incidence of mixed infections, especially E. coli and K. pneumoniae , complicating SCM management. 
Antimicrobial susceptibility testing showed alarming resistance levels among the pathogens. E. coli, K. pneumoniae, and S. aureus 
exhibited significant resistance to multiple antibiotic classes, including penicillins (ampicillin, amoxicillin), cephems (cefuroxime, 
ceftazidime), and tetracyclines. However, these pathogens remained highly sensitive to meropenem, amikacin, gentamicin, cipro-
floxacin, and sulfamethoxazole-trimethoprim. The presence of extended-spectrum beta-lactamase (ESBL) genes such as blaTEM, blaOXA, 
blaCTX-M1, blaCTX-M2, and other resistance genes like tet(A), AAC(3)-iv, and Sul1 presents significant treatment challenges. These 
findings underscore the critical need for targeted antimicrobial stewardship programs and effective control measures to mitigate SCM’s 
impact on dairy production and animal health. This includes regular monitoring of antimicrobial resistance, adopting best manage-
ment practices, and prudent antibiotic use. Educating farmers on hygiene practices and proper milking techniques is also essential. 
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[98] É.J. Kaszanyitzky, S. Jánosi, Z. Egyed, G. Ágost, G. Semjén, Antibiotic resistance of staphylococci from humans, food and different animal species according to 
data of the Hungarian resistance monitoring system in 2001, Acta Vet. Hung. 51 (2003) 451–464, https://doi.org/10.1556/AVET.51.2003.4.3. 

[99] S. Saddam, M. Khan, M. Jamal, S.U. Rehman, P. Slama, P. Horky, Multidrug resistant Klebsiella Pneumoniae reservoir and their capsular resistance genes in 
cow farms of district Peshawar, Pakistan, PLoS One 18 (2023), https://doi.org/10.1371/journal.pone.0282245. 

[100] W. Cao, Y. Xu, Y. Huang, T. Xu, Isolation of pathogenic bacteria from dairy cow mastitis and correlation of biofilm formation and drug resistance of Klebsiella 
pneumoniae in jiangsu, China, Agriculture (Switzerland) 13 (2023), https://doi.org/10.3390/agriculture13101984. 

A.A. Emon et al.                                                                                                                                                                                                       

https://doi.org/10.1556/AVET.51.2003.4.3
https://doi.org/10.1371/journal.pone.0282245
https://doi.org/10.3390/agriculture13101984

	Prevalence, antimicrobial susceptibility profiles and resistant gene identification of bovine subclinical mastitis pathogen ...
	1 Introduction
	2 Materials and methods
	2.1 Study design, location and sampling strategy
	2.1.1 Collection of data on farm management

	2.2 Platform test of SCM
	2.3 Isolation and identification of bacteria by culture and biochemical methods
	2.4 Bacterial genomic DNA extraction
	2.5 Gel electrophoresis
	2.6 Antimicrobial susceptibility testing
	2.7 Multiple antibiotic resistance (MAR) index
	2.8 Statistical analysis

	3 Results
	3.1 Demography of farm owner and farm management
	3.2 Detection of subclinical mastitis through Modified Whiteside Test approach
	3.2.1 Prevalence on cow-specific variable

	3.3 Detection of E coli, K. pneumoniae, S. aureus through PCR
	3.4 Mixed (multi-causal agents) infection
	3.5 Phenotypic characteristic of the recovered isolates and MDR, XDR, PDR and MAR index
	3.6 Determination of antimicrobial susceptibility pattern
	3.7 Detection of resistant genes
	3.8 Resistant genotype and phenotype correlation

	4 Discussion
	5 Conclusion
	Funding
	Ethical statement
	Data availability statement
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


