Molecular Detection of Integron in Staphylococcus aureus Isolated From Ruminants.
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ABSTRACT
Staphylococcus aureus is one of the most important pathogens of humans and animals, asymptomatically colonizes the anterior nares of humans and animals and it is considered one of the most significant etiological agents of intramammary infection in dairy ruminants, causing both clinical and subclinical mastitis, causing wound infection and dermatitis. 
A total number of 164 samples (mastitic milk, nasal swabs, wound swabs, abscesses′ contents) were collected from ruminant animals (cattle, sheep and goat) either individually or from farms in Alexandria governorate and subjected to bacteriological examination.
Seventeen Staphylococcus aureus isolates were identified morphologically, biochemically. Antibiogram profile of the isolates were carried out against 11 antimicrobials. 16/17 (94%) of isolates showed resistance to at least one antimicrobial, 11/17(64.7) of the isolates showed resistance to three or more of antimicrobials (multi-drug resistance), the highest sensitivity was observed for vancomycin and amoxicillin/clavulanic acid 17/17 (100%) while the highest resistance was observed for penicillin 14/17 (82.4%), and gentamicin 9/17(53%). Eight out of seventeen isolates (47%) showed resistance to oxacillin/cefoxitin (methicillin resistant S. aureus) all of them were multi drug resistant (MDR). 
 Ten of MDR S. aureus isolates were molecularly screened for integron. Class 1 integron cassette were detected in 1/10 of tested isolates which exposed to  further sequence analysis revealing dfrA15 gene cassette which encodes trimethoprim resistance. 
Conclusion: this study report, for the first time, the detection and identification of class 1 integron containing dfrA15 gene in S. aureus isolates which were deposited in the GenBank as Staphylococcus aureus strain AR2020 dihydrofolate reductase 15 (dfrA15) gene with accession number MW036489.
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1. INTRODUCTION
Staphylococcus aureus is involved in a wide variety of diseases in humans and animals, and it is considered one of the most significant etiological agents of intra-mammary infection in dairy ruminants, causing both clinical and subclinical infections (Carfora et al.2016). S. aureus infection in cattle causing (mastitis, udder impetigo), in sheep causing (mastitis, tick pyaemia in lambs, benign folliculitis in lambs and dermatitis), in goats causing (mastitis, dermatitis), in poultry causing (arthritis and septicemia in turkeys, bumble foot, Omphalitis in chicks) (Quinn et al 2011). S. aureus can be found in healthy cows (carriers) on the teat skin, nasal cavity, and rectum (Roberson et al.1994). The emergence of antimicrobial resistance among S. aureus has been suggested to cause delay in antibiotic treatment of bovine mastitis. This resistance against wide range of antimicrobial classes may be attributed to the indiscriminate use of these agents in the treatment of bovine mastitis (Oliver and Murinda 2012). Misuse of antibiotics in treating bacterial infections has led to the selection of resistant strains, and unfortunately, the risk of transfer of the resistance gene to sensitive bacteria is growing (Xu et al.,2011). Integrons are genetic sets capable of integrating mobile genetic elements called gene cassettes and displacing them. Since integrons contain a promoter, they can express genes existing in a gene cassette. Therefore, integrons act both as gene expression vectors and as a natural cloning system (Mazel, 2006). Although the role of class 1 integrons in the spread of antibiotic resistance genes among Gram-negative bacteria is clear, little was known about the prevalence of class 1 integrons in Gram positive bacteria, especially in S. aureus (Clark et al., 1999). Class 1 integron/cassettes may contribute significantly to the horizontal transfer of antimicrobial resistance genes among different bacterial species from different sources or geographical locations (Partridge et al., 2009).
The present study aimed to carry out molecular detection of integron in S. aureus isolated from ruminants and to achieve this follow the following:
· Investigate S. aureus from different lesions of ruminants (cattle, sheep and goat).
·  Screening of the S. aureus isolates from different sources for antibiotic resistance and Molecular detection of integron (gene cassette) from the MDR S.  aureus isolates.
2. MATERIAL AND METHODS
2.1. Collection of samples:
A total of 164 ruminant animals (59 cattle, 83 sheep and 22 goats) were examined. The  samples represented as  milk samples from  cows, ewes and goats suffering from clinical  mastitis, nasal swabs from apparently healthy cattle, sheep and goats, wound swabs and pus samples were collected under aseptic conditions and transported to  Animal Health Research Institute, Alex provincial lab in an ice box then immediately processed for S. aureus isolation.(table, 1).
Table (1):
	Sample 
	Cattle
	Sheep
	Goat
	Total 

	Mastitic milk
	31
	17
	5
	53

	Nasal swabs
	15
	35
	8
	58

	Abscess content(pus)
	1
	11
	5
	17

	Wound  swabs
	12
	20
	4
	36

	Total
	59
	83
	22
	164



2.2. Isolation of S. aureus 
The nasal swabs, wounds swabs and pus samples were inoculated in to 5ml of Trypticase soya broth (TSB) and incubated at 370 C for 24hrs for enrichment. Enriched samples were streaked on Mannitol salt agar (Hi-Media, Mumbai) plates and incubated at 370C for 24hrs. Plates with yellow color colonies were selected and identified (Kateete et al., 2011)
A loopful of milk sample was streaked on Baird - Parker agar (Hi-Media, Mumbai), incubated at 370C for 24 - 48 hrs. (Quinn et al., 1994).


2.3. Identification of S. aureus isolates:
Suspected colonies were subcultured on 5% sheep blood agar and incubated at 37ᵒc for 24-48 hrs., then examined for gross colony morphology, hemolytic activity, microscopical identification of Gram stained film and biochemical characterization using catalase, coagulase test (slide, tube) according to Quinn et al. (2002)
2.4. Antibiogram profile of S. aureus:
Antimicrobial susceptibility test was performed according to Kirby-Bauer disc diffusion method (Bauer et al., 1966). Using Mueller-Hinton agar (HiMedia Laboratories,Mumbai, India) against 11 different antimicrobial disks (HiMedia Laboratories, Mumbai, India): Oxacillin (OX) 5µg, Cefoxitin  (CX) 30  µg, Penicillin-G (P) 10 µg ,Amoxicillin/clavulanic acid(AMC) 30µg ,Tetracyclin(TE) 30µg, Cefotaxime (CTX) 30 µg, Ciprofloxacin (CIP) 5 µg, Amikacin(AK) 30µg, Erythromycin (E) 15µg ,Vancomycin (VA) 5  µg and Gentamicin (CN) 10µg. The inhibitory zone diameters were measured and interpreted according to Clinical and Laboratory Standards Institute (CLSI, 2007).
2.5. PCR and sequencing of integron in S.  aureus isolates:
A total number of 10 morphologically and biochemically identified S.  aureus isolates were screened by PCR for the presence of integron using hep35&hep36 primers coding for integrase gene and the gene cassettes within class 1 integrons were ampliﬁed using 5'-CS and 3'-CS primer pairs. Chromosomal DNA was extracted using QIAamp DNA Mini Kit Catalogue no.51304. Oligonucleotide primers procured from Metabion (Germany), their sequences, amplicon sizes and cycling conditions for each target gene were listed in Table (2). PCR assay was carried out and amplified PCR products were separated by electrophoresis on 1.5% agarose gel (Applichem, Germany, GmbH) according to Sambrook et al. (1989) and WHO (2000). The PCR products were then sequenced and identiﬁed using the basic local alignment search tool (BLAST) program for gene cassette screening strategy.



Table (2): Oligonucleotide primers sequences (Metabion,Germany)
	Reference
	Length of aplified product
	Primer sequence
(5'-3')
	Target gene

	White et al. 2000
	491 bp
	TGCGGGTYAARGATBTKGATTT
	Integron 
(hep 35 and hep 36 primers)

	
	
	CARCACATGCGTRTARAT
	

	Sow et al., 2007
	Variable
	GGC ATC CAA GCA GCA AG
	class 1 integron cassettes(5'-CS and 3'-CS)

	
	
	AAG CAG ACT TGA CCT GA
	



2.6. Computer analysis of the sequence data  
The data of DNA sequenced data of amplified gene was identified by the database of Genbank using the BLAST program available at the NCBI BLAST homepage (Http:// ww.ncbi.nlm.nih.gov/BLAST/).
3. RESULTS
Table (3): S. aureus isolated from examined samples
	Animal 
	Cattle
	Sheep 
	Goat 
	Total 

	Type of sample
	No. of samples
	+ve 
	No. of samples
	+ve
	No. of samples
	+ve
	No. of samples
	+ve

	Mastitic milk
	31
	4
	17
	1
	5
	0
	53
	5

	Nasal swabs
	15
	2
	35
	3
	8
	1
	58
	6

	Abscess content(pus)
	1
	0
	11
	1
	5
	0
	17
	1

	Wound  swabs
	12
	1
	20
	3
	4
	1
	36
	5

	Total
	59
	7
	83
	8
	22
	2
	164
	17



Table (4): Antibiogram profile of S. aurues isolates.
	Antimicrobial agent
	Disc potency
	Susceptible(S)
	Intermediate(I)
	Resistant(R) 

	Penicillin-G  (P)
	10  µg
	3
	17.6%
	0
	0  %
	14
	82.4  %

	Oxacillin     (OX)
	5µg
	9
	53%
	0
	0  %
	8
	47  %

	Amoxicillin/clavulanic acid            (AMC)
	30µg
	17
	100%
	0
	0  %
	0
	0%

	Vancomycin (VA)
	5  µg
	17
	100%
	0
	0  %
	0
	0% 

	Ciprofloxacin (CIP)
	5  µg
	15
	88.2%
	2
	11.8%
	0
	0    %

	Cefoxitin       (CX)
	30  µg
	9
	53%
	0
	0  %
	8
	47  %

	Cefotaxime   (CTX)
	30  µg
	11
	64.7%
	6
	35.3  %
	0
	0    %

	Tetracyclin    (TE) 
	30µg
	9
	53%
	0
	0%
	8
	47  %

	Erythromycin  (E)
	15µg
	9
	53%
	2
	12  %
	6
	35  %

	Amikacin      (AK) 
	30µg
	14
	82.4%
	2
	11.8  %
	1
	5.9  %

	Gentamicin    (CN)
	10µg
	8
	47%
	0
	0  %
	9
	53%












Table (5): Detailed antimicrobial sensitivity of different S. aureus isolates isolated from Ruminants
	Disc
Isolate
	P
	OX
	AMC
	VA
	CIP
	CX
	CTX
	TE
	E
	AK
	CN

	1
	SP
	R
	R
	S
	S
	S
	R
	I
	R
	R
	S
	R

	2
	GW
	R
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S

	3
	SW
	R
	R
	S
	S
	S
	R
	I
	R
	R
	S
	R

	4
	SW
	R
	R
	S
	S
	S
	R
	S
	S
	S
	R
	R

	5
	SW
	R
	R
	S
	S
	S
	R
	I
	S
	R
	S
	R

	6
	CW
	R
	R
	S
	S
	S
	R
	I
	R
	R
	S
	S

	7
	SN
	S
	S
	S
	S
	S
	S
	S
	S
	S
	I
	R

	8
	GN
	R
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S

	9
	CN
	R
	S
	S
	S
	S
	S
	I
	R
	S
	S
	R

	10
	SN
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S

	11
	SN
	R
	R
	S
	S
	I
	R
	S
	R
	I
	I
	R

	12
	CN
	R
	S
	S
	S
	S
	S
	S
	S
	I
	S
	S

	13
	SM
	R
	R
	S
	S
	I
	R
	S
	S
	S
	S
	R

	14
	CM
	R
	S
	S
	S
	S
	S
	S
	R
	R
	S
	S

	15
	CM
	R
	S
	S
	S
	S
	S
	S
	R
	R
	S
	S

	16
	CM
	R
	R
	S
	S
	S
	R
	I
	R
	S
	S
	S

	17
	CM 
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	R


Isolate ID: G (Goat); S (Sheep); C (Cattle); P (Pus); W (Wound); N (Nasal); M (Milk).
Total examined S. aureus = 17
Detection of integron:
Ten isolates were selected for detection of integron, all of the selected isolates were MDR isolates, 1/10 (10%) show presence for integron molecularly with degenerate primers designed to hybridize to conserved regions of integron encoded integrase genes intI1, intI2 and intI3 using hep 35 and hep36 gene, the isolate number (6) which was isolated from cattle wound swab from a dairy cattle farm in the region of Borg El-Arab, Alexandria governorate was (+ve), then this isolate was examined for detection of integron 1 gene cassette and contains a single gene cassette of a size About 700 bp , and by analysis of the gene cassette sequence reveals dihydrofolate reductase (dfrA15)  which responsible for trimethoprim resistance. The GenBank accession number of the Staphylococcus aureus strain (AR2020) dihydrofolate reductase15 (dfrA15) gene sequences determined in this study is MW036489.
[image: ]

Fig. (1) Ethidium bromide stained agarose gel electrophoresis containing the PCR products along with 100bp DNA ladder (lane M). P: positive control; N: negative control which is (Nuclease free water).Staph aureus isolates (lanes 1:10), isolate 6 show positive amplicon at size of 491 bp.

[image: C:\Users\AL-AQSA TECH\Desktop\Picture1.png]

Fig. (2) Amplification products of class 1 integron cassette with 100bp DNA ladder (lane M). positive integron Staph aureus isolate (lane 6) show positive amplicon at size of 700 bp.

4. DISCUSSION
S. aureus is a common nasal and skin colonizer of healthy humans and of different animal species. However, it is also one of the most important opportunistic pathogens responsible for a variety of infections in both humans and animals. It is frequently associated with mastitis in cattle, sheep, and goats, causing chronic infections in cows and clinical and subclinical infections in goats and sheep (Peton et al. 2013). Staphylococcal organisms have a remarkable ability to become resistant to antimicrobials, as evidenced by the acquisition of drug resistance genes soon after the organisms were exposed to new antimicrobials (Enright 2003). As shown in table (5) 16/17 of the isolates (94 %) show resistance to at least one anti-microbial, 11/17 of the isolates(64.7%) show multi-drug resistance. (5/6, 83.3%) of the isolates of wound swabs and pus were MRSA/MDR, the highest resistance were observed for penicillin (6/6, 100%), followed by oxacillin/cefoxitin (5/6, 83.3%), the highest susceptibility observed for amoxicillin-clavulanic acid, vancomycin and ciprofloxacin (100%) The anti-microbial resistance profile  of these  isolates  indicated  that methicillin-resistant Staphylococcus aureus (MRSA) is frequently involved in animal  wound infections  and such bacteria  are resistant to more  than one class  of antimicrobials and this  causing difficulty  in treatment of infections due to the multi-drug resistance.  These results are in conformity with the reports of Okeke et al.2005 and Kaur et al.2015. The results showed increase of resistance in S.  aureus isolates from wound and pus samples against penicillin(6/6, 100%),  oxacillin/cefoxitin MRSA(5/6, 83.3%), erythromycin(4/6, 66.7%) and tetracycline(3/6, 50%) and this in agreement to the results obtained by Tiwari et al. 2016 where isolated S. aureus showed 100% resistant to penicillin, 95.53% to methicillin and the MRSA strains showed multidrug resistance pattern.
(2/6, 33.3%) of the S. aureus isolates which were isolated from nasal swabs were MDR and (1/6, 16.7%) was MRSA. The highest resistance were observed for penicillin (4/6, 66.7%), followed by gentamicin (3/6, 50%), the highest susceptibility observed for amoxicillin-clavulanic acid, vancomycin (100%), followed by ciprofloxacin, cefotaxime, cefoxitin, oxacillin(5/6, 83.3%) and tetracycline, erythromycin and amikacin(4/6, 66.7%).
(1/6, 16.7%) of the S. aureus isolates from nasal samples was MRSA less than the results obtained by Alzohairy 2011 who reported that 57% of S. aureus isolated from nasal swabs of farm animals were MRSA and more that the results obtained by Gharsa et al. 2012 and Mourabit et al.2020 who revealed that 7% and 0% of S. aureus isolates from nasal swabs of ruminants were MRSA. The antimicrobial susceptibility of S. aureus isolates isolated from nasal swabs of apparently healthy animals showed low resistance levels for antimicrobials and  this agreed with studies of  Zhou et al. 2017 and Mourabit et al.2020.
Of the 5 S. aureus isolates isolated from mastitis milk (4/5, 80%) were MDR and (2/5, 40%) were MRSA. The highest resistance were observed for penicillin (4/5, 80%), followed by tetracycline (3/5, 60%), the highest susceptibility observed for amoxicillin-clavulanic acid, vancomycin and amikacin (5/5, 100%), followed by ciprofloxacin, cefotaxime, (4/5, 80%) and gentamicin(3/5, 60%). And this agreed with Amal Awad et al. 2017 who reported that the examined S. aureus isolates which were isolated from bovine mastitis milk samples showed high resistance against penicillin (83.3%) and a lower resistance was observed against gentamicin (23.8%), amikacin (16.7%) and ciprofloxacin (14.3%) and multidrug resistances were detected in 83.3% of the isolated S. aureus.
Difference in the percentage of resistance could be due to geographical variation and frequency of drug usage. 
The high level of MDR stains in the wounds, pus and mastitic milk samples may be attributed to the over-prescription and misuse of antimicrobials used for the treatment of bacterial infections animals in Egypt have been associated with the exacerbation of antimicrobial resistance among these pathogenic bacteria as mentioned by Dahshan et al. 2015. While the resistance for S. aureus isolates from nasal sawbs was lower than the level of resistance in the S. aureus isolates from wounds, pus and mastitis milk samples this may be attributed to that these nasal isolates were isolated from apparently healthy animals thus not exposed to extensive treatments with antimicrobials. 
As shown in table(4) the highest resistance in the 17 S. aureus isolates was observed for penicillin 14/17 (82%)  was nearly similar to reports of Amal Awad et al. (2017), Soares et al. (2017) and Mohammed et al. (2018) who revealed that the resistance of S. aureus  isolated from bovine mastitis milk samples against penicillin was (83.3%, 83.6% and71.7%) respectively, and less than those obtained by Thaker et al. (2013) and Ismail (2017) who revealed that the resistance for penicillin among S. aureus isolates from milk samples was 100%, this result is not surprising because the wide prescribtion of penicillin in the veterinary field. Also the resistance to penicillin is related to the production of plasmid-encoded beta-lactamase enzyme (penicillinase) as mentioned by Lowy (2003) that more than 90% of staphylococcal isolates now produce penicillinase. The gene for β-lactamase is part of a transposable element located on a large plasmid, often with additional antimicrobial resistance genes (e.g., gentamicin and erythromycin). 
Acquisition and spread of antibiotic resistance among staphylococcal strains is a major concern in treatment of staphylococcal infections in humans and animals. The evolution of multidrug resistance is relatively fast due to horizontal or lateral gene transfer, which is influenced by a wide range of mobile genetic elements. In particular, integrons comprise a substantial proportion of these elements and are often found in plasmids and/or transposons that enhance spread of resistance genes (Malachowa and DeLeo, 2010).
Only one S. aureus isolate from 10 examined isolates proved to be positive for integron which isolated from cattle wound swab. The obtained result was lower than that reported by Hosseini et al. (2020), Goudarzi et al. (2019), Li. and Zhao (2018) who revealed the presence of integron 1, integron 2 in Staphylococcus  isolates with  percentages of  (39.6%,3.7%; 34.1%,14.3% and 85.1%, 0%) respectively. On the other hand, Ammar et al. (2016) and Al-Ashmony et al. (2016) revealed that none of S. aureus investigated in their studies harbored class 1 integrons. 
The differences in the prevalence of integron genes can be due to the differing geographic regions, the bacteria strains, or the indiscriminate use of antibiotics. 
The low prevalence of integrons in our study may be that it carried on other genetic elements as plasmids while we screened the integron in the genomic DNA and this agreed with Xu et al. (2011) 
The integron positive isolate were further examined for the  detection of integron 1 gene cassette and it was containing a single gene cassette of a size About 700 bp , and by analysis of the gene cassette sequence revealed dihydrofolate reductase (dfrA15)  which responsible for trimethoprim resistance. 
The GenBank accession number of the dfrA15gene sequences determined in this study is MW036489. dihydrofolate reductase (dfrA15)  was not detected before in the previous studies on the gene cassettes of the integron bearing S. aureus isolates  that agree with  Li. and Zhao2018 who reported presence of genes coding for resistance to trimethoprim (dhfrV, dfrA1 and dfrA12), aminoglycosides) aadA1, aadA5, aadA4, aadA24, aacA4, aadA2 and aadB), chloramphenicol (cmlA6) and quaternary ammonium compound (qacH), gene and he mentioned that those gene cassette arrays have not been reported in bovine milk-associated S. aureus isolates previously, although all of these gene cassette arrays exist in other types of bacteria and Xu et al.2007 who detected aadA2 gene and dfrA12-orfF-aadA2 by Ahmed et al.2005.
The sequence of the dfrA15gene detected in S. aureus isolate of the current study was compared to those deposited in GenBank, homology of nucleotides ranged up to 100%, to those detected in Gram negative bacteria as Vibrio cholera, Enterobacter hormaechei, Vibrio alginolyticus, Proteus mirabilis, Acinetobacter baumannii, Salmonella enterica, Morganella morganii, Pseudomonas aeruginosa, klebsiella pneumonia, shigella dysenteriae,  Citrobacter freundii, Aeromonas caviae  and E. coli that agreed with Clark et al. 1999 and Ahmed et al.2005 who reported that arrays of gene cassettes detected in staphylococci, had been previously reported in clinical isolates of various negative bacteria, with identical sequences and Chen et al. (2011) who reported that the transfer of resistance genes that may occur between gram-positive and gram-negative organisms could lead to the construction of diverse resistance to the usual antibiotics.
CONCLUSION
[bookmark: _GoBack]-The present study highlights the prevalence of MDR and Methicillin Resistant Staphylococcus aureus strains in ruminants in Alexandria governorate.
-To our knowledge, this is the ﬁrst study to report the occurrence of S. aureus isolate that carry a class 1 integron containing the dfrA15gene cassette.
-In the present study, class 1 integron was identified with dihydrofolate reductase15 gene cassette (dfrA15) which confers resistance to trimethoprim in one isolate of S. aureus obtained from a cattle wound swab using PCR and DNA sequencing. 
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