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Abstract

Biocides are commonly used in infection control programs to prevent the new
infections of the udder and colonization of microorganisms on other contact
surfaces. In the present study, a multiplex PCR (mPCR) assay
simultaneously amplifying 04 biocide resistance genes was standardised. The
mPCR was applied on 30 S. aureus isolates, isolated from milk of mastitis
affected cows and prevalence of these genes in S. aureus was studied. High
resistance mediated by sepA (83.33%), norA (80%) and mepA (80%)
resistance genes was observed while resistance mediated by qacA/B (3.33%)
gene was found very low. Genetic resistance against biocides is a widespread
problem that has been extensively studied in food industry and hospitals
particularly targeting methicillin resistant S. aureus, however, limited studies
on biocide resistance in S. aureus of animal origin have been undertaken.
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Introduction

Antiseptics and disinfectants have been commonly used as teat dips to maintain udder health and prevent the
transmission of microbes between dairy cattle (National Mastitis Council, 1999). Biocides such as quaternary
ammonium compounds (QACSs) or biguanides, are commonly used to control and prevent the new infections of the
udder, colonization on the teat surfaces, milking machines, milk tanks and other milk processing equipment
(Ucuncu, 2015). S. aureus is a major mastitis pathogen in dairy animals, and also of special public health concern
as it causes many serious and life-threatening infections in humans (Bansal et al., 2019; Shrivastava and Shrivastav,
2019). Genetic resistance against biocides has been extensively studied in food industry and hospital associated
methicillin resistant S. aureus (MRSA) (Mayer et al., 2001; Zhang et al., 2011; McGann et al., 2013). The resistance
against QACs is primarily encoded in the gac genes that operate via deferent mechanisms (Jaglic and Cervinkova,
2012; Cervinkova et al., 2013; Ergun et al., 2017), and their acquisition by staphylococci has resulted in high
resistance to chlorhexidine, one of the most frequently used biocides (Horner et al., 2012). Multidrug resistance
efflux pumps such as NorA, NorB, NorC, MdeA and SdrM (chromosomally encoded) and gacA/B (plasmid-encoded)
have been reported in S. aureus of human, animal and environmental origin resulting in cross-resistance to both
antibiotics and biocides. (Sierra et al., 2000; Noguchi et al., 2005; Hassan et al., 2007; Kosmidis et al., 2012; Costa
etal., 2013; Couto et al., 2015). Other types of resistance pumps include, Smr (belongs to small multidrug resistance
family), MepA (belongs to multidrug and toxic compound extrusion family) and SepA (Paulsen et al., 1995; Narui
et al., 2002; Kaatz et al., 2005). Most of these pumps have got potential to extrude compounds from different
chemical classes and therefore, help the organism to develop multidrug resistance (MDR).

This study highlights the importance of emerging biocide resistance in dairy sector in which in-depth studies over
this emerging issue have not been undertaken. Therefore, it is need of the hour to thoroughly study the emergence
of biocide resistance in microorganisms of animal origin that are also having greater implications on human health.
Therefore, this study was aimed to develop and standardize a multiplex PCR (mPCR) for detecting simultaneously
04 biocide resistance genes, and thereafter applying this to estimate their prevalence in S. aureus of bovine mastitis
origin.

Materials and Methods
Isolation and ldentification of S. aureus

The study involved 30 S. aureus isolated from bovine mastitis from different agro-climatic regions of Punjab, India.
S. aureus was identified on the basis of colony characteristics on blood agar, Gram staining, clumping factor, growth
characteristics on mannitol salt agar, DNase agar, Baird parker agar, tube coagulase test and final confirmation by
species specific PCR. Individual isolates were stored at —20 °C in trypticase soy broth containing 30% glycerol for
future use. S. aureus (ATCC 25923, ATCC 33591) and S. epidermidis (MTCC 3382) were used as standard positive
control.

DNA Extraction

After overnight incubation of an individual bacterial colony in brain heart infusion (BHI) broth (HiMedia, India), 1
ml growth was pelleted at 7500 rpm for 5 minutes (min) in refrigerated centrifuge (Heraeus Biofuge Primo R,
Thermo Scientific). The pellet was suspended in 180 pl lysis solution (lysozyme enzyme solution) and incubated at
37 °C for 30 min. Bacterial DNA was extracted using QlAamp DNA mini kit (Qiagen) as per manufacturer
guidelines. Eluted genomic DNA was stored at —20 °C until use.

PCR Confirmation of S. aureus

Duplex PCR was carried out for the detection of Staphylococcus genus (16S rDNA i.e., ribosomal DNA), and S.
aureus species (nuc gene) using primers given in Table 1 (Brakstad et al., 1992; Strommenger et al., 2003). The
amplification was carried out in a total reaction volume of 25 pl containing 12.5 pl 2X PCR Master Mix (Qiagen),
10 pmol/ul of each primer set containing forward and reverse primers, 0.01 pg- 0.2 pg template and sterilized
nuclease free water to make up the reaction volume. Master cycler Gradient Thermocycler (Bio-rad, USA) was used
to perform the amplification reaction involving initial denaturation at 94 °C for 5 min; followed by 30 cycles each
of denaturation at 94°C for 30 seconds; annealing at 57.7 °C for 40 seconds and extension at 72 °C for 1 min. Final
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extension was carried out at 72 °C for 5 minutes and followed by hold at 4 °C.
Multiplex PCR Standardization

Multiplex PCR for amplification of biocide resistance genes was standardized using S. aureus (ATCC 33591) for
sepA gene, S. hemolyticus (gene bank accession number MW296867) from department culture storage for gacA/B
gene and S. aureus (gene bank accession humbers MW254363 and MW289832) from this study for norA and mepA
genes. The mPCR was repeated several times for reagent optimization, reproducibility and specificity. The primers
for mPCR for amplifying 04 biocide resistance genes were selected from the published literature given in Table 1.
The mPCR comprised of 100 pg of DNA template in a 30 pl reaction mixture with 15 pl of 2X Taq DNA Master
Mix (Qiagen) and 0.5ul (20 nM) of each of the forward and reverse primers (Bioserve Pvt. Ltd.). The reaction
mixture was amplified in a thermocycler (Bio-rad, USA); initial denaturation at 95 °C for 5 min followed by 30
cycles of denaturation at 95 °C for 30 seconds, annealing at 58 °C for 45 seconds, extension at 72 °C for 2 min and
final extension at 72 °C for 10 min. PCR products were analysed using conventional agarose gel electrophoresis in
1.5% agarose (Genaxy) in 1x tris-borate-edta (TBE) buffer (Genaxy) containing ethidium bromide at 0.1 pg/ml and
using 50 bp DNA Ladder-DM1100 (SMOBiIo) for comparison. The DNA bands were visualized and imaged using
the Molecular Imager® ChemiDoc™ XRS+ imaging system (Bio-Rad).

Table 1: Target genes, sequences and amplicon size of primers used in the study

Target genes Primer sequences (5'-3") Product size (bp) References

Forward-CAG CTC GTG TCG TGA GAT GT
16S rDNA 420 Strommenger et al., 2003
Reverse- CAT TTG TCC CACCTT CG

Forward-GCGATTGATGGTGATACGGTT
Nuc 280 Brakstad et al., 1992
Reverse- AGCCAAGCCTTGACGAACTAAAGC

Forward-TCCTTTTAATGCTGGCTTATACC
gacA/B 220 Ergun et al., 2017
Reverse- AGCCKTACCTGCTCCAACTA

" Forward-TTCACCAAGCCATCAAAAAG 620
nor.
Reverse- CTTGCCTTTCTCCAGCAATA

MeDA Forward-ATGTTGCTGCTGCTCTGTTC 118 Couto et al., 2008
P Reverse- TCAACTGTCAAACGATCACG

A Forward-GCAGTCGAGCATTTAATGGA 103
se
P Reverse- ACGTTGTTGCAACTGTGTAAGA

Results and Discussion

S. aureus was confirmed using duplex PCR consisting of Staphylococcus genus (16S rDNA), and S. aureus species
(nuc) specific genes (Figure 1) and thereafter, a mPCR for amplification of 04 biocide resistance genes was
standardised successfully (Figure 2). mPCR was applied on 30 S. aureus isolates for validation of the protocol and
estimation of biocide resistance genes. It was observed that there is high resistance mediated by sepA (83.33%),
norA (80%) and mepA (80%) resistance genes while as resistance mediated by gacA/B (3.33%) gene was found
very low (Table 2).
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Figure 1: Electrophoresis image of duplex PCR for detection of 16SrDNA (420bp) and nuc (280bp) genes.
Lanes indicate NC: negative control-nuclease free water, 1: S. aureus 2: S. aureus positive control (ATCC 25923)
3: Staphylococcus spp. 4: S. epidermidis positive control (MTCC 3382). M indicate ExcelBand 100 bp DNA
ladder (DM2300, SMOBIO0).
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Figure 2: Electrophoresis image of mPCR for amplification 4 biocide resistance genes.
Lanes indicate NC: negative control-nuclease free water, 1, 4, 5, 6: gacA/B (220 bp), norA (620 bp), mepA (718 bp)
and sepA (103 bp); 2, 3 no amplification (negative for biocide resistance). M indicate ExcelBand 50 bp DNA ladder-
DM1100 (SMOBio0).

Table 2: Frequency of biocide resistance in S. aureus

Biocide resistance gene Frequency Percentage
gacA/B 1 3.33
norA 24 80
mepA 24 80
sepA 25 83.33

In the present study resistance mediated by gacA/B gene was found very low, possibly due to its plasmid origin,
however, in this study chromosomal DNA was used for standardisation of mPCR as well as screening of resistance
genes in S. aureus. The prevalence of gacA/B resistance in MRSA has been reported as low as 1% in a few Asiatic
countries to as high as 80% in Brazil, exhibiting great variation in geographical locations (Mayer et al., 2001, Wang
et al., 2008a, Wang et al., 2008b, Ho et al., 2012). Acquisition of gacAB gene family (located on transferable
plasmids and transposons harbouring antibiotic resistance genes as well) by staphylococci has resulted resistance to
chlorhexidine, one of the most frequently used biocides and also against aminoglycosides, penicillin and
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trimethoprim (Berg et al., 1998; Horner et al., 2012).

High resistance mediated by norA, mepA and sepA was observed in this study, which belong to multidrug resistance
efflux pumps. Resistance mediated by multidrug resistance efflux gene pumps such as gacA/B, smr, norA, mepA,
sepA and ImrS have also been reported in S. aureus of human, animal or environmental origin (Sierra et al., 2000,
Naguchi et al., 2005, Hassan et al., 2007, Kosmidis et al., 2012, Costa et al., 2013, Couto et al., 2015; Senn et al.,
2016). High genetic resistance against biocides in MRSA has been attributed to selective pressure caused by use of
antiseptics or acquisition of antibiotic resistance gene determinants or horizontal transfer of plasmids (Thomas et
al., 2000, Sidhu et al., 2002, McGann et al., 2013; LaBreck et al., 2018).

Conclusion

The emergence of biocide resistance mediated by multidrug resistance efflux pumps result in cross-resistance to
antibiotics, and dissemination of these resistance genes among bacteria result in demand for newer antibiotics and
biocides to contain the infections and contaminations. To mitigate this threat thorough studies involving standard
testing for biocide susceptibility and genotypic estimation of biocide resistance must be undertaken. The mPCR
developed in this study will be helpful for estimation of resistance mediated via these important resistance genes
and therefore, will be helpful in deciding the management strategies against dissemination of these genes to other
bacteria of clinical importance.
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