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Staphylococcus aureus (S. aureus) not only causes significant loss of livestock pro-

duction but also has potential public health risks. This study was conducted with 

the objective of characterizing the antibiogram of S. aureus from goats attending 

a Teaching Veterinary Hospital in Bangladesh. We aimed to study the spa type, 

potential virulence factor(s), and the presence of methicillin and vancomycin 

resistance genes in the isolates. From a total of 200 goat nasal swab samples S. 

aureus was confirmed by PCR. Antimicrobial susceptibility testing was performed 

using the disc diffusion method followed by mecA and vanA gene PCR. Staphy-

lococcal protein A (spa) typing was conducted for selected isolates. A set of 

major virulence determinants, including sea, seb, pvl, and tst were investigated 

by PCR. A total 11.5% (n=23) of S. aureus isolates were obtained. Ciprofloxacin 

resistance was the highest (100%; n=23) followed by cefoxitin (74%; n=17). 

About 91% of the isolates (n=21) were multidrug-resistant (resistant to ≥3 

antimicrobial classes). One (6%) isolate was MRSA harboring mecA. Among 13 

vancomycin-resistant isolates, three (23%) were vanA-positive. Of the virulence 

genes screened, sea was recorded in four (17%) isolates. The spa typing of two 

randomly selected strains revealed that one isolate belonged to spa type t5259, 

and the other seemed to be novel. Goats having cutaneous and mucosal lesions 

had higher S. aureus carriage (P=0.01) with a significant variation across the 

breeds (P= 0.02). This study provides insights into S. aureus strains circulating in 

the goat population in Bangladesh.
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INTRODUCTION

Antimicrobial-resistant Staphylococcus aureus (S. aureus) is a worldwide concern 

due to its ability to develop resistance to multiple antimicrobials within a short
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period (1). S. aureus is a well-known opportunistic pathogen that colonizes the nasal cavity of humans and animals (2). 

Major virulence factors of pathogenic strains are hemolysin (α, β, γ, δ), leukocidin (Panton-Valentine leukocidin, PVL), 

enterotoxins (SEs), exfoliative toxins (ETA and ETB), and toxic shock syndrome toxin (TSST) (3). It infects both animals and 

humans causing infections ranging from superficial skin and soft tissue infections to life-threatening endocarditis, toxic 

shock syndrome and necrotizing pneumonia (4). Antimicrobials such as β-lactam, aminoglycoside, macrolides, tetracycline 

and quinolones are commonly used to treat staphylococcal infections (5, 6). Unfortunately, the level of resistance of these 

antimicrobials is increasing rapidly among staphylococci due to irrational use of antimicrobials in livestock production (5). 

Multidrug resistant (MDR) S. aureus is a major concern, which plays an important role in the transmission of resistance to 

different non- resistant bacteria through both mutation and/or the horizontal gene transfer (HGT) mechanism (7). Among 

β-lactam antimicrobials, penicillin, methicillin, cloxacillin, oxacillin, flucloxacillin, and dicloxacillin are the most useful 

antimicrobials to treat infections caused by S. aureus (7). Hence, methicillin-resistant S. aureus (MRSA) is a serious public 

health concern globally and is considered as one of the leading causes of hospital-acquired (nosocomial) infections in 

humans (8).In terms of mechanism, MRSA strains are resistant to all β-lactam antimicrobials by penicillin-binding protein 

(PBP2a) which is encoded by the mecA gene (6). Despite host specificity, human infections with animal originated S. aureus 

strains have been reported frequently (9). Livestock-associated MRSA (LA-MRSA) has been described to be capable of 

colonizing and infecting humans such as veterinarians and farmers because of their close contact with animals (10, 11). 

Vancomycin is a recommended drug for the treatment of MRSA infection; however, currently, the emergence of 

vancomycin resistance is a major public health concern around the world (12). VRSA strains are characterized by the 

expression of 11 van genes among which vanA gene is very common (12).

In Bangladesh, goat rearing is generally regarded as subsistence, smallholder and small-scale commercial operations. The 

majority of the farmers (80.5%) follow a semi-intensive system but few farmers (12.2%) use the free-range system while 

only 7.3% maintain a confinement pattern for goat production (13). Studies show wide variation in the prevalence of S. 

aureus in goats ranging from 16.7% to 96.2% in different countries (14). Several studies have reported the transmission 

of drug-resistant S. aureus (particularly MRSA and VRSA) from animals, environments, and humans worldwide (10-12). 

Similarly, antimicrobial-resistant S. aureus has also been reported in Bangladesh among poultry, cattle, and humans (7, 15, 

16). However, despite being one of the most important food animals, data on drug-resistant S. aureus colonization in 

goats is sparse compared to other animal species in Bangladesh. Emphasis needs to be put on the investigation of 

antimicrobial-resistant S. aureus in small ruminants in order to develop effective prevention and treatment guidelines for S. 

aureus infections. This study was conducted aiming to understand the carriage frequency of S. aureus, spa type(s), 

antimicrobial resistance patterns, and virulence characteristics of S. aureus isolated from goats in Bangladesh.

MATERIALS AND METHODS

Ethical approval

This study was approved by the ethical committee of Chattogram Veterinary and Animal Sciences University, Bangladesh 

with retrospective effect from the date of its commencement. The memo no. is CVASU/Dir (R&E) EC/2021/273 (1).

Study population and sampling

This study was conducted in Chattogram, the second-largest city in Bangladesh. Sahedul Alam Quaderi Teaching Veterinary 

Hospital (SAQTVH) of Chattogram Veterinary and Animal Sciences University (CVASU) was selected as the sampling site 

because of its wide service coverage across the city. We selected random dates to visit the hospital and, on each visit, we 

randomly selected 1 to 10 goats for sampling. The nasal swabs were collected from goats by inserting a sterile swab into 

the nasal cavity followed by gentle rubbing of the nasal mucosa. Samples were then placed in a sterile 15 ml Falcon tube 
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containing 5 ml Mueller Hinton broth (MHB) (Oxoid Ltd., UK) supplemented with 6.5% NaCl and transferred to the 

Microbiology and Veterinary Public Health Laboratory of CVASU for detailed investigation. The demographic and clinical 

data of animals were collected from the patient signalment sheets that were filled up by duty veterinarians.

Isolation and molecular identification of S. aureus

Swabs collected in MHB containing 6.5% NaCl were incubated at 37⁰C overnight for selective enrichment (17). After 

subsequent culture on 5% bovine blood agar, colonies showing hemolytic golden yellowish color were sub-cultured on 

Mannitol salt agar (Oxoid Ltd, UK). The phenotypic identification of presumptive staphylococci was done based on 

biochemical tests (18). Then, the primarily identified S. aureus was further confirmed by PCR targeting thermonuclease 

gene called nuc (19) which is species-specific and an indication of the pathogenic S. aureus. All PCR reactions were carried 

out in 25μl of a final volume containing 1μl DNA template (average concentration of 2.18ng/μl), forward and reverse 

primers of 1μl each (20 picomoles/μl), 12.5μl master mix (Thermo Fisher Scientific, Waltham, MA, USA) and 9.5μl nuclease- 

free water. MRSA ATCC 33591 strain and nuclease-free water were used as positive and negative controls, respectively. 

Antimicrobial susceptibility testing

The antimicrobial susceptibility of the S. aureus isolates was performed by the disk diffusion method (20) with a panel of 

eight antimicrobials from six different groups. Frequently prescribed antimicrobials in clinical settings along with the 

literature-reviewed less common alternatives to treat S. aureus infections were considered to design the panel. The 

antimicrobials with their respective class were: amoxicillin-clavulanic acid (30μg), cefoxitin (30μg), cefepime (30μg), 

tigecycline (15μg), vancomycin (30μg), sulfamethoxazole-trimethoprim (25μg), ciprofloxacin (5μg) and gentamicin (10μg) 

(Oxoid, UK). For each isolate, the zone of inhibition around each disk was measured and interpreted as susceptible (S), 

intermediate (I) or resistant (R) according to Clinical and Laboratory Standards Institute (CLSI) guidelines (21). S. aureus 

isolates showing resistance against at least three groups of antimicrobial agents (≥3) were defined as MDR (22).

Screening of MRSA and VRSA

Phenotypically, MRSA and VRSA were detected based on the CLSI guideline for cefoxitin (30μg) and vancomycin (30μg) 

disk diffusion with interpretive criteria of ≤ 21 and ≤ 16 mm inhibitory zone for methicillin resistance and vancomycin 

resistance, respectively (21). This phenotypic resistance was further investigated for the presence of the mecA and vanA 

gene by PCR as described earlier (23, 24). The primer sequences and PCR conditions are mentioned in Table 1. For mecA 

gene, positive and negative controls were used as mentioned earlier. For vanA gene, in-house isolated strain of 

vancomycin-resistant Enterococcus faecium and vancomycin-susceptible Enterococcus faecalis were used as positive and 

negative control, respectively.

Detection of virulence genes

All confirmed S. aureus isolates were screened by PCR assay for the identification of predominant virulence factors; 

Panton-Valentine Leukocidin (pvl), enterotoxin (sea and seb), and toxic shock syndrome toxin (tst). The primer sequences 

and PCR conditions of these virulence genes are stated in Table 1.

S. aureus spa typing and phylogenetic analysis

For S. aureus protein A (spa) typing, firstly amplification of the polymorphic X region of the spa gene of the isolates was 

performed by PCR. The primers and cycling conditions used to amplify the spa gene were according to the methodology 
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described earlier (25) (Table 1). The PCR product of the spa gene was purified using a DNA purification kit (Favorgen 

Biotech Corp, Taiwan) and then sequenced with the support of a commercial service (Macrogen Inc., Seoul, South Korea). 

The spa type of the isolates was assigned using Ridom Staph Type 1.4.1 software (Ridom GmbH, Würzburg, Germany) 

(26). Numerical spa repeat and type were assigned. The spa gene sequences of this study along with 13 other spa 

sequences obtained from BLASTN search results from NCBI GenBank were aligned using clustalW in MegaX. The Maximum 

Likelihood method with a bootstrap value of 1000 replicates was applied to construct the phylogenetic tree.

Statistical analysis

All data were entered and analyzed using the “R” program (version 3.5.1). The univariate logistic regression analysis was 

performed to assess the relative association between the presence of S. aureus and different demographic factors and 

clinical manifestations. The heat-map depicting the distribution of antimicrobial resistance phenotype and genotype was 

prepared by using GraphPad Prism 7 (La Jolla, CA, USA). Variable(s) having Pof ≤0.05 was considered as statistically 

significant. 

RESULTS

S. aureus isolates

Out of the 200 animals investigated, 23 (11.5%; 95% CI 8-17%) tested positive for S. aureus based on the presence of 

the nuc gene (Fig. 1a).The univariate logistic regression analysis showed that the percentage of S. aureus was higher in 

goats with cutaneous and mucosal lesions than in goats without such lesions (P=0.01) and it varied significantly across the 

goat breeds (P= 0.02) (Table 2).

Table 1. Primer sequences of different genes used for the PCR in this study

Gene Primer name Primer sequences (5′- 3′)
Annealing

Temp. 

Amplicon size 

(bp)
Reference

nuc
nuc-F GCGATTGATGGTGATACGGTT

55°C 270
Brakstad et al., 

1992(19)nuc-R ACGCAAGCCTTGACGAACTAAAGC

spa
spa-1113F TAAAGACGATCCTTCGGTGAGC

59°C Variable
Kahl et al., 

2005(25)spa-1514R CAGCAGTAGTGCCGTTTGCTT

mecA
mecA P4 TCCAGATTACAACTTCACCAGG

55°C 162
Larsen et al., 

2008(23)mecA P7 CCACTTCATATCTTGTAACG

PVL
Luk-PV-1 ATCATTAGGTAAAATGTCTGGACATGAT CCA

55°/50°Ca 433
McClure et al., 

2006(47)Luk-PV-2 GCATCAAGTGTATTGGATAGCAAAAGC

sea
GSEAR-1 GGTTATCAATGTGCGGGTGG

57°C 102
Mehrotra et al., 

2000(48)GSEAR-2 CGGCACTTTTTTCTCTTCGG

seb
GSEBR-1 GTATGGTGGTGTAACTGAGC

57°C 164
Mehrotra et al., 

2000(48)GSEBR-2 CCAAATAGTGACGAGTTAGG

tst
GTSSTR-1 ACCCCTGTTCCCTTATCATC

57°C 326
Mehrotra et al., 

2000(48)GTSSTR-2 TTTTCAGTATTTGTAACGCC

vanA
vanA F GGCAAGTCAGGTGAAGATG

55°C 713
Azimian et al., 

2012(24)vanA R ATCAAGCGGTCAATCAGTTC

aFirst 10 cycles annealing temperature 55°C and for next 25 cycles the temperature is 50°C
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Antibiogram profiles of S. aureus isolates

The antimicrobial susceptibility pattern of 23 S. aureus isolates showed that all the isolates tested were resistant to 

ciprofloxacin (100%) followed by cefoxitin (74%), amoxicillin-clavulanic acid (65%), sulfamethoxazole-trimethoprim (65%), 

vancomycin (57%), cefepime (57%) and tigecycline (39%). On the contrary, the majority of the isolates showed sensitivity 

to gentamicin (78%) (Table 3). Individual antibiogram profiles of all isolates are illustrated in Fig. 2. Of all, 21 (91%) 

isolates were found as MDR. The MDR pattern of the isolates has been summarized in Table 3.

Detection of resistance genes

Among phenotypically 17 cefoxitin-resistant isolates, only one was found positive for the mecA gene to be considered as 

MRSA (6%; 95% CI 0-29%) (Fig. 1b). Therefore, the remaining 22 isolates were methicillin-susceptible (MSSA). In addition, 

among 13 phenotypically vancomycin-resistant S. aureus isolates, 3 (23%; 95% CI 8-51%) were positive for vanA gene 

detected in this study (Fig. 1c). 

Fig. 1. Result of PCR assay for detection of Staphylococcus aureus (nuc, spa), antimicrobial resistance genes (mecA, vanA) and 

virulence gene (sea).

Table 2. Risk factors associated with prevalence of S. aureus in goats

Variables Co-Variables N Percentage (%) 95% CI P-value

Breed

Black Bengal 22 2(9) 1.34-29.0

0.02Cross 98 6(6) 2.58-12.98

Jamnapari 80 15(19) 11.59-28.77

Sex
Female 120 15(12.5) 7.61-19.71

0.58
Male 80 8(10) 4.92-18.75

Age
< 1-year kid 80 9(11) 5.82-20.23

0.93
Adult 120 14(11.7) 6.96-18.75

Cutaneous and 

mucosal lesions

No 188 19(10.1) 6.49-15.32
0.01

Yes 12 4(33) 13.55-61.20
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Virulence attributes of S. aureus 

Out of the virulence factors investigated in the 23 staphylococcal isolates, four (17%; 95% CI 6-38%) were positive for the 

sea gene (Fig. 1d) that encodes enterotoxin A, one of them was MRSA. No isolates tested positive in the PCR test for seb, 

tst and PVL gene.

spa types and phylogenetics

Amplification of polymorphic X region of the spa gene resulted in the formation of two different DNA bands with the sizes 

of ~ 300 to 400 bp (Fig. 1e), then we sequence one from each pattern as a representative. One of them was MRSA strain 

and another one was MSSA. The spa gene sequences were submitted to the NCBI GenBank (accession MT223771 and 

MT223772). The spa gene sequence (MT223771) of MSSA isolate was typed as t5259and another sequence (MT223772) 

of MRSA appeared to be novel, as it was not described yet in the spa Ridom Server used for analysis in this study. The 

Table 3. Antimicrobial susceptibility profiles of S. aureus isolates (n= 23)

Antimicrobials Susceptible (%) Intermediate (%) Resistant (%)

Amoxicillin-clavulanic acid 8(35) - 15(65)

Vancomycin 10(43) - 13(57)

sulfamethoxazole-trimethoprim 8(35) - 15(65)

Ciprofloxacin - - 23(100)

Cefepime 9(39) 1(4) 13(57)

Gentamicin 18(78) 2(9) 3(13)

Cefoxitin 6(26) - 17(74)

Tigecycline 4(17) 10(43) 9(39)

Fig. 2. Heat map showing the distribution of antimicrobial resistance phenotype and different virulence and resistance genes 

in S. aureus isolates.
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repeat successions for these two sequences were 26-23-17-34-17-12-16 and 07-23-12-21-12-41-13-17-12-12-17 

respectively. The Kreiswirth IDs of them were T1J1M1B1M1G1K1 and U1J1G1F1G1U2E1M1G1G1M1, respectively. The 

number of repeat units was 7 and 11, consecutively whereas the lengths of the entire VNTR were 168 and 264, 

respectively. For t5259, the repeat sequence started at 392 and for the untyped one, it started at 77. Phylogenetic analysis 

showed greater similarity between these two spa sequences (Fig. 3).

DISCUSSION

Studies have shown that goats with or without clinical condition(s) like respiratory illness can harbor S. aureus in their nares 

(4, 5). A wide variation in the prevalence estimate of S. aureus from goats has been reported which ranges from 5.6% to 

43.2% or even more (27-29). Here, we reported the percentage of S. aureus as 11.5% in goats attending a teaching 

veterinary hospital, in Bangladesh.

S. aureus is widely resistant to the β-lactam group of antimicrobials which is evident in this study as well (1, 27). Almost 

57% of isolates in this study were vancomycin-resistant (VRSA) as revealed by the disk diffusion method, which is the drug 

of choice for the treatment of MRSA infections though this antimicrobial is not commonly prescribed in goat practices in 

Bangladesh (30). Out of 13 phenotypically vancomycin-resistant isolates, 3(23%) were positive for the vanA gene which is 

lower than the previous study findings from other Asian countries (12). The remaining isolates might possess other van 

genes that were not tested in this study. However, heteroresistance might be responsible for seeing such a high rate of 

vancomycin resistance in S. aureus (31). Surprisingly, about 39% of isolates were resistant to the first glycylcycline 

antibiotic, tigecycline, which is regarded as an effective therapy against MSSA and MRSA without any co-resistance 

mechanisms yet to be known (32). Approximately, 91% of isolates were MDR. Selective pressure imposed by the use of 

antimicrobials as therapeutic or chemoprophylaxis might be the main cause of seeing such an unprecedented rate of 

multidrug resistance among S. aureus isolates (33). Isolation of MRSA circulating in the goat population has great public 

health significance since LA-MRSA can be transmitted to humans, especially to farmers, slaughter-house workers, and 

consumers of small-ruminant products in general (34) due to direct contact with animal, and can cause severe infection 

(9-11). In this study, 74% of isolates have shown resistance to cefoxitin, among which only one (6%) isolate was found to 

carry mecA gene confirming it as a methicillin-resistant isolate.

Fig. 3. Phylogenetic tree of partial sequences of spa genes.



MDR S. aureus from goats in Bangladesh A Dutta, et al.

www.ksmkorea.org / www.ksov.org 157

We acknowledge that due to lack of logistics, we studied only mecA gene for MRSA identification (which is considered as 

gold standard), we did not study mecC gene (a novel mecA homologue) as suggested for definitive identification of MRSA 

(35). However, marked variation in the prevalence of MRSA based on geography, host, environmental settings, etc. has 

already been described across Europe, Asia, and the USA (1, 27, 28, 32, 36). Among the virulence factors investigated, 

4/23 strains were positive for the sea gene which is one of the classical enterotoxin producing genes. Although nine 

different genes are responsible for heat-stable staphylococcal enterotoxins (SEs), still the sea is considered the most 

prevalent one (37, 38) with occasional exceptions (3, 28). Epidemiological studies in humans suggested that the majority 

of S. aureus-associated infections and outbreaks have been caused by isolates with the sea type enterotoxin (39, 40). 

Notably, two strains were positive for both the sea gene and coagulase enzyme indicating high pathogenic potential. 

A novel spa type from an MRSA isolate, not yet described in Ridom spa Server, was detected in this study. Another spa 

type, which is t5259, detected in this study was also rarely seen in the S. aureus isolates of small ruminants. A study in 

Japan reported the same spa type t5259 as MSSA from dairy cattle (41). The predominant spa types of S. aureus from 

goats in Europe are t1166 and t318 (42) and from sheep t002, t1534, t2678 and t3576 (43). There are few reports on the 

spa typing of S. aureus isolates in Bangladesh. One study involving S. aureus of ready-to-eat foods origin in Dhaka, 

Bangladesh identified seven different spa types with the predominance of t1198 and t315 (44). Notably, the novel spa type 

identified from this study was also an MRSA strain. Our study suggests that the carriage frequency of S. aureus was highest 

in goats with cutaneous and mucosal lesions such as dermatitis and oral lesions. Several previous studies indicated that 

animals with chronic infections such as dermatitis, and otitis require veterinary interventions and antimicrobial therapies 

more frequently which, in turn, increases the transmission burden of nosocomial pathogens like S. aureus and also their 

high antimicrobial resistance (45, 46).

In conclusion, this study has reported the high frequency of MDR S. aureus from goats in Bangladesh. Detection of vanA 

gene indicates the dissemination of vancomycin resistance among S. aureus limiting the treatment options. Since human 

transmission with a particular goat-originated MRSA strain is possible, a systematic study covering the whole country 

should be conducted coupled with an awareness campaign among livestock-associated personnel.

CONFLICT OF INTEREST

Authors have no potential conflict of interest

ACKNOWLEDGEMENTS

The authors especially thank to the Director of Sahedul Alam Quaderi Teaching Veterinary Hospital, Chattogram Veterinary 

and Animal Sciences University, Bangladesh for giving permission to carry out this work.

REFERENCES

1) Yadav R, Kumar A, Singh VK, Jayshree, Yadav SK. Prevalence and antibiotyping of Staphylococcus aureus and 

methicillin-resistant S. aureus (MRSA) in domestic animals in India. J Glob Antimicrob Resist 2018;15:222–5.

2) Al-Amery K, Elhariri M, Elsayed A, El-Moghazy G, Elhelw R, El-Mahallawy H, et al. Vancomycin-resistant Staphylococcus 

aureus isolated from camel meat and slaughterhouse workers in Egypt. Antimicrob Resist Infect Control 2019;8:129.

3) Sina H, Ahoyo TA, Moussaoui W, Keller D, Bankolé HS, Barogui Y, et al. Variability of antibiotic susceptibility and toxin 

production of Staphylococcus aureus strains isolated from skin, soft tissue, and bone related infections. BMC 

Microbiol 2013;13:188. 



JBV Journal of

Bacteriology and Virology VOL 53. NO 2. December 2023

158 Copyright � 2023 Journal of Bacteriology and Virology

4) Gharsa H, Ben-Slama K, Lozano C, Gómez-Sanz E, Klibi N, Ben-Sallem R, et al. Prevalence, antibiotic resistance, 

virulence traits and genetic lineages of Staphylococcus aureus in healthy sheep in Tunisia. Vet Microbiol 2012;156: 

367–73. 

5) Rahimi H, Dastmalchi Saei H, Ahmadi M. Nasal Carriage of Staphylococcus aureus: Frequency and Antibiotic 

Resistance in Healthy Ruminants. Jundishapur J Microbiol 2015;8:e22413. 

6) Sadiq A, Samad M, Saddam, Basharat N, Ali S, Roohullah, et al. Methicillin-Resistant Staphylococcus aureus (MRSA) 

in Slaughter Houses and Meat Shops in Capital Territory of Pakistan During 2018–2019. Front Microbiol 2020;11: 

577707. 

7) Parvin MS, Ali MY, Talukder S, Nahar A, Chowdhury EH, Rahman MT, et al. Prevalence and multidrug resistance 

pattern of methicillin resistant S. aureus isolated from frozen chicken meat in Bangladesh. Microorganisms 2021;9: 

636. 

8) Lowy FD. Staphylococcus aureus Infections. N Engl J Med 1998;339:520-32.

9) Verkade E, Kluytmans J. Livestock-associated Staphylococcus aureus CC398: animal reservoirs and human infections. 

Infect Genet Evol 2014;21:523-30.

10) Loncaric I, Brunthaler R, Spergser J. Suspected goat-to-human transmission of methicillin-resistant staphylococcus 

aureus sequence type 398. J Clin Microbiol 2013;51:1625–6. 

11) Neradova K, Jakubu V, Pomorska K, Zemlickova H. Methicillin-resistant Staphylococcus aureus in veterinary 

professionals in 2017 in the Czech Republic. BMC Vet Res 2020;16:4.

12) Maharjan M, Sah AK, Pyakurel S, Thapa S, Maharjan S, Adhikari N, et al. Molecular Confirmation of Vancomycin- 

Resistant Staphylococcus aureus with vanA Gene from a Hospital in Kathmandu. Int J Microbiol 2021:3847347.

13) Islam MR, Amin MR, Kabir AKMA, Ahmed MU. Comparative study between semi-intensive and scavenging 

production system on the performances of Black Bengal goat. J Bangladesh Agric Univ 2009;7:79–86.

14) Cortimiglia C, Bianchini V, Franco A, Caprioli A, Battisti A, Colombo L, et al. Short communication: Prevalence of 

Staphylococcus aureus and methicillin-resistant S. aureus in bulk tank milk from dairy goat farms in Northern Italy. J 

Dairy Sci 2015;98:2307–11.

15) Rana EA, Das T, Dutta A, Rahman M, Bostami MB, Akter N, et al. Coagulase-positive methicillin-resistant Staphylococcus 

aureus circulating in clinical mastitic goats in Bangladesh. Vet World 2020;13:1303-10.

16) Khanam S, Haq JA, Shamsuzzaman SM, Rahman MM, Mamun KZ. Emergence of vancomycin resistant Staphylococcus 

aureus during hospital admission at a tertiary care hospital in Bangladesh. Bangladesh J Infect Dis 2016;3:11-16. 

17) Islam MZ, Espinosa-Gongora C, Damborg P, Sieber RN, Munk R, Husted L, et al. Horses in Denmark Are a Reservoir of 

Diverse Clones of Methicillin-Resistant and Susceptible Staphylococcus aureus. Front Microbiol 2017;8:543.

18) O’Brien AM, Hanson BM, Farina SA, Wu JY, Simmering JE, Wardyn SE, et al. MRSA in conventional and alternative 

retail pork products. PLoS One 2012;7:e30092.

19) Brakstad OG, Aasbakk K, Maeland JA. Detection of Staphylococcus aureus by polymerase chain reaction amplification 

of the nuc gene. J Clin Microbiol 1992;30:1654–60. 

20) Bauer AW, Kirby WM, Sherris JC, Turck M. Antibiotic susceptibility testing by a standardized single disk method. Am J 

Clin Pathol 1966;45:493-6.

21) CLSI. Performance Standards for Antimicrobial Susceptibility Testing. 32th ed. CLSI Supplement M100, Clinical and 

Laboratory Standards Institute, Wayne, PA. 2022.



MDR S. aureus from goats in Bangladesh A Dutta, et al.

www.ksmkorea.org / www.ksov.org 159

22) Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, Giske CG, et al. Multidrug-resistant, extensively 

drug-resistant and pandrug-resistant bacteria: An international expert proposal for interim standard definitions for 

acquired resistance. Clin Microbiol Infect 2012;18:268–81.

23) Larsen AR, Stegger M, Sørum M. spa typing directly from a mecA, spa and pvl multiplex PCR assay—a cost-effective 

improvement for methicillin-resistant Staphylococcus aureus surveillance. Clin Microbiol Infect 2008;14:611–4. 

24) Azimian A, Havaei SA, Fazeli H, Naderi M, Ghazvini K, Samiee SM, et al. Genetic characterization of a vancomycin- 

resistant Staphylococcus aureus isolate from the respiratory tract of a patient in a university hospital in northeastern 

Iran. J Clin Microbiol 2012;50:3581-5. 

25) Kahl BC, Mellmann A, Deiwick S, Peters G, Harmsen D. Variation of the polymorphic region X of the protein A gene 

during persistent airway infection of cystic fibrosis patients reflects two independent mechanisms of genetic change 

in Staphylococcus aureus. J Clin Microbiol 2005;43:502–5.

26) Harmsen D, Claus H, Witte W, Rothgänger J, Claus H, Turnwald D, et al. Typing of Methicillin-Resistant Staphylococcus 

aureus in a University Hospital Setting by Using Novel Software for spa Repeat Determination and Database 

Management. J Clin Microbiol 2003;41:5442–8.

27) El-Deeb W, Fayez M, Elmoslemany A, Kandeel M, Zidan K. Methicillin resistant Staphylococcus aureus among goat 

farms in Eastern province, Saudi Arabia: Prevalence and risk factors. Prev Vet Med 2018;156:84–90. 

28) Zhou Z, Zhang M, Li H, Yang H, Li X, Song X, et al. Prevalence and molecular characterization of Staphylococcus 

aureus isolated from goats in Chongqing, China. BMC Vet Res 2017;13:352.

29) Moroni P, Pisoni G, Vimercati C, Rinaldi M, Castiglioni B, Cremonesi P, et al. Characterization of Staphylococcus 

aureus Isolated from Chronically Infected Dairy Goats. J Dairy Sci 2005;88:3500–9.

30) Cong Y, Yang S, Rao X. Vancomycin resistant Staphylococcus aureus infections: A review of case updating and 

clinical features. J Adv Res 2019;21:169–76. 

31) Mashaly GE, El-Mahdy RH. Vancomycin heteroresistance in coagulase negative Staphylococcus blood stream infections 

from patients of intensive care units in Mansoura University Hospitals, Egypt. Ann Clin Microbiol Antimicrob 

2017;16:63.

32) Goff DA, Dowzicky MJ. Prevalence and regional variation in meticillin-resistant Staphylococcus aureus (MRSA) in the 

USA and comparative in vitro activity of tigecycline, a glycylcycline antimicrobial. J Med Microbiol 2007;56:1189–93. 

33) Butaye P, Devriese LA, Haesebrouck F. Antimicrobial Growth Promoters Used in Animal Feed: Effects of Less Well 

Known Antibiotics on Gram-Positive Bacteria. Clin Microbiol Rev 2003;16:175-88.

34) Omoshaba EO, Ojo OE, Oyekunle MA, Sonibare AO, Adebayo AO. Methicillin-resistant Staphylococcus aureus (MRSA) 

isolated from raw milk and nasal swabs of small ruminants in Abeokuta, Nigeria. Trop Anim Health Prod 2020;52: 

2599-608.

35) Savariraj WR, Ravindran NB, Kannan P, Paramasivam R, Senthilkumar TMA, Kumarasamy P, et al. Prevalence, 

antimicrobial susceptibility and virulence genes of Staphylococcus aureus isolated from pork meat in retail outlets in 

India. J Food Saf 2019;39:e12589. 

36) Johnson AP. Methicillin-resistant Staphylococcus aureus: the European landscape. J Antimicrob Chemother 2011;66 

Suppl 4:iv43-8.

37) Sabouni F, Mahmoudi S, Bahador A, Pourakbari B, Sadeghi RH, Ashtiani MTH, et al. Virulence Factors of Staphylococcus 

aureus Isolates in an Iranian Referral Children’s Hospital. Osong Public Health Res Perspect 2014;5:96–100. 



JBV Journal of

Bacteriology and Virology VOL 53. NO 2. December 2023

160 Copyright � 2023 Journal of Bacteriology and Virology

38) Wang LX, Hu ZD, Hu YM, Tian B, Li J, Wang FX, et al. Molecular analysis and frequency of Staphylococcus aureus 

virulence genes isolated from bloodstream infections in a teaching hospital in Tianjin, China. Genet Mol Res 2013;12: 

646–54.

39) Kérouanton A, Hennekinne JA, Letertre C, Petit L, Chesneau O, Brisabois A, et al. Characterization of Staphylococcus 

aureus strains associated with food poisoning outbreaks in France. Int J Food Microbiol 2007;115:369–75. 

40) Argudín MÁ, Mendoza MC, Rodicio MR. Food Poisoning and Staphylococcus aureus Enterotoxins. Toxins 2010;2: 

1751–73.

41) Hata E, Katsuda K, Kobayashi H, Uchida I, Tanaka K, Eguchi M. Genetic variation among Staphylococcus aureus 

strains from bovine milk and their relevance to methicillin-resistant isolates from humans. J Clin Microbiol 2010;48: 

2130–39. 

42) Eriksson J, Espinosa-Gongora C, Stamphøj I, Larsen AR, Guardabassi L. Carriage frequency, diversity and methicillin 

resistance of Staphylococcus aureus in Danish small ruminants. Vet Microbiol 2013;163:110–5. 

43) Smith EM, Needs PF, Manley G, Green LE. Global distribution and diversity of ovine-associated Staphylococcus 

aureus. Infect Genet Evol 2014;22:208–15. 

44) Islam MA, Parveen S, Rahman M, Huq M, Nabi A, Khan ZUM, et al. Occurrence and Characterization of Methicillin 

Resistant Staphylococcus aureus in Processed Raw Foods and Ready-to-Eat Foods in an Urban Setting of a 

Developing Country. Front Microbiol 2019;10:503. 

45) Weese JS, Faires MC, Frank LA, Reynolds LM, Battisti A. Factors associated with methicillin-resistant versus methicillin- 

susceptible Staphylococcus pseudintermedius infection in dogs. J Am Vet Med Assoc 2012;240:1450-5. 

46) Lehner G, Linek M, Bond R, Lloyd DH, Prenger-Berninghoff E, Thom N, et al. Case–control risk factor study of 

methicillin-resistant Staphylococcus pseudintermedius (MRSP) infection in dogs and cats in Germany. Vet Microbiol 

2014;168:154–60.

47) McClure JA, Conly JM, Lau V, Elsayed S, Louie T, Hutchins W, et al. Novel multiplex PCR assay for detection of the 

staphylococcal virulence marker Panton-Valentine leukocidin genes and simultaneous discrimination of methicillin- 

susceptible from-resistant staphylococci. J Clin Microbiol 2006;44:1141-4.

48) Mehrotra M, Wang G, Johnson WM. Multiplex PCR for detection of genes for Staphylococcus aureus enterotoxins, 

exfoliative toxins, toxic shock syndrome toxin 1, and methicillin resistance. J Clin Microbiol 2000;38:1032-5.


