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Characterisation of Staphylococcus aureus from small-scale dairy systems in the 21 

highlands of central Mexico 22 

Abstract 23 

Prevalence of S. aureus was examined in 12 small-scale dairy farms of Central Mexico. 24 

Sixty-nine samples were collected and S. aureus identified in 52.6% of milk and 66.6% of 25 

hand swab samples by PCR amplification of 23S rRNA and thermonuclease genes. Genetic 26 

diversity of 43 representative isolates was determined by RAPD, clustering the isolates into 27 

four main groups. The presence of virulence factors was also tested. Among 1 and 5 28 

enterotoxin genes (sea, seb, sec, sed, seg, and sei) were detected in 78.9% of the isolates. 29 

Genes responsible for biofilm formation were found in 100% (icaA-icaD) and 28.9% (bap) 30 

of the isolates. Susceptibility to antimicrobials (antibiotics, bacteriophages and 31 

bacteriocins) was also assessed. Overall, the present results support the need to improve the 32 

hygienic conditions and milking practices in order to enhance herd health and diminish the 33 

food poisoning risk associated to the usual consumption of cheese made with raw milk. 34 

Keywords: Staphylococcus aureus; enterotoxins; biofilms; antimicrobials, small-scale dairy 35 

systems, Mexico. 36 

1. Introduction  37 

 Small-scale dairy systems (SSDS) are an option to improve rural livelihoods and 38 

alleviate poverty (Espinoza-Ortega et al., 2007). In Mexico, over 78% of specialised dairy 39 

farms are small-scale, defined by small holdings, herds between 3 and 35 cows plus 40 

replacements, that rely on family labour; and these systems contributed to 37% of national 41 



3 
 

milk production (Hemme et al., 2007). Milk hygiene is a challenge for these small-scale 42 

dairy systems involving good milking practices, and both animal and human health. 43 

 Staphylococcus aureus is a coagulase positive microorganism frequently detected in 44 

dairy farms and considered one of the main causes of subclinical and chronic mastitis in 45 

dairy cows (Cucarella et al., 2004; Wang et al., 2009), with negative effects in the 46 

economics of milk production. An udder with mastitis is usually the main source of 47 

contamination by S. aureus, as cattle is one of the primary reservoirs for staphylococci 48 

(Waldvogel, 2001). Humans can be asymptomatic carriers and, consequently, a source of 49 

contamination too (Gutiérrez et al., 2012; Rall et al., 2014). Moreover, some strains are 50 

heat-stable enterotoxin producers and responsible for food poisoning (Le Loir, 2003). The 51 

ability of S. aureus strains to produce biofilms is suggested as a virulence factor associated 52 

to staphylococcal mastitis that account for the establishment of chronic infections as a 53 

reduced susceptibility to antibiotics and disinfectants occurs due to the decreased diffusion 54 

of antimicrobial through to the biofilms matrix (Vasudevan et al. 2003). Therefore, strains 55 

bearing biofilm-encoding genes have an additional potential pathogenicity that must be 56 

taken into account.  57 

Due to the significant impact on animal and human health, it is important to assess the 58 

resistance of S. aureus isolates to antibiotics since antibiotic therapy is the first tool to fight 59 

against bacterial infections. However, the detection of multidrug-resistant S. aureus is 60 

rather common and a reduced efficacy of antibiotic therapy has become a matter of concern 61 

in veterinary practice (Lee et al., 2003). In this regard, there is a clear need for alternative 62 

approaches in mastitis treatment such as bacteriocins (Cao et al., 2007) and bacteriophages 63 

(Dias et al. 2013). Bacteriocins are bacterial ribosomally synthesized peptides with 64 
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antimicrobial activity. Apart from their role as biopreservatives (Deegan et al., 2006), some 65 

bacteriocins produced by lactic acid bacteria have been sucesssfully assayed against 66 

pathogens causing bovine mastitis (Klostermann et al., 2010). Bacteriophages, natural 67 

enemies of bacteria, have also been tested to combat human (Duckworth and Gulig, 2002) 68 

and bovine infections (Gill et al., 2006; Dias et al., 2013). 69 

The present work aimed to evaluate the prevalence of S. aureus in small-scale dairy 70 

systems located in the highlands of Central Mexico in order to define the actions focused to 71 

improve the herd health and the microbiological quality of milk since this is used in the 72 

manufacture of raw milk cheeses with the concomitant risk for consumers. Virulence 73 

determinants such as enterotoxin-encoding genes and biofilm-forming ability of 74 

staphylococcal isolates were analysed. Susceptibility to antibiotics and natural 75 

antimicrobials such as nisinA (lantibiotic) and AS-48 (circular bacteriocin) and S. aureus 76 

infecting bacteriophages were approached. Additionally, the genetic diversity and 77 

relationships among the isolates were established by RAPD-PCR. 78 

2. Material and Methods 79 

2.1.  Sampling design  80 

Twelve small-scale dairy farms in the municipality of Aculco in the State of Mexico, 81 

participating in a larger project (Fadul-Pacheco et al., 2013), were selected by convenience 82 

sampling. Criteria for selection were hand milking, farms with a minimum of 3 milking 83 

cows at the time of the study (a maximum of 5 cows per farm were sampled), cows of 84 

Holstein breed, notwithstanding age or stage of lactation. Sampling took place between 85 

November 2012 and January 2013 always during milking time. Fifty-seven milk samples 86 
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were obtained combining milk from the four quarters (one sample per cow) after the 87 

wash/dry of the udders and teats followed by wiping the teats with cotton balls soaked in 88 

70% ethanol. Milk from the first streams was included in the sample in order to isolate 89 

environmental microorganisms that could be present at the sphincter, as well as those from 90 

the mammary gland. Additionally, 12 samples were taken from the hands of the 12 farmers 91 

using a sterile swab and placing it into 3 mL of nutritive broth. All samples were kept at 92 

4ºC until processing in the laboratory. 93 

2.2. Isolation and identification of S. aureus strains  94 

10-fold dilutions of milk samples were made in Ringer solution (Merck KGaA, Darmstadt, 95 

Germany) and 0.1 mL of each were spread onto Baird-Parket (BP) agar supplemented with 96 

egg yolk tellurite emulsion (Scharlab, Barcelona, Spain). Undiluted hand swabs were also 97 

spread onto BP agar. Plates were incubated at 37 °C during 48 h. Each sample was plated in 98 

duplicate.  99 

Colonies showing the typical aspect of staphylococci were randomly selected and spread 100 

onto salt-mannitol agar to obtain pure cultures and these were tested for coagulase 101 

(Bactident Coagulase, Merck), DNase activity (DNase agar, Cultimed, Panreac, Barcelona, 102 

Spain) and mannitol fermentation under anaerobiosis (Notarnicola et al., 1985). All 103 

presumptive S. aureus isolates were further confirmed by simultaneous PCR amplification 104 

of genes encoding for 23S rRNA (Straub et al., 1999) and thermonuclease (nuc) (Wilson et 105 

al 1991) (Table 1). S. aureus Sa9, isolated from mastitis milk (García et al., 2007), and S. 106 

aureus ATCC14458 were used as positive controls; S. epidermidis F12 was used as 107 

negative control (Delgado et al., 2009). All isolates were routinely cultured in tryptic soy 108 
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broth (TSB, Scharlab) or in tryptic soy agar (TSA). Bacterial stocks were stored at -80ºC in 109 

TSB supplemented with 20% (v/v) glycerol.  110 

2.3. DNA extraction and PCR conditions 111 

A colony from each presumptive S. aureus isolate was added to 20 µL of 0.25% SDS-50 112 

mM NaOH and heated at 95ºC for 5 min. Deionized water was added afterwards, up to a 113 

volume of 200 µl. Samples were then centrifuged at 13,000 rpm for 5 min at 4º C, and the 114 

supernatant containing the DNA was kept at -20ºC for further analysis. 115 

All PCRs were performed in a Thermocycler (Bio-Rad, Hercules, CA) using the kit 116 

‘PureTaq Ready-To-Go PCR Beads’ (GE Healthcare, Munich,Germany), 1 µl of the 117 

extracted DNA, and the primers concentrations specified in Table 1. PCR conditions used 118 

were previously described (Table 1), with the exception of those used for detection of the 119 

23S RNA and the nuc genes. In this case, a multiplex PCR was performed composed of an 120 

initial denaturation step at 94 °C for 2 min; followed by 35 cycles at 94°C for 15s, 53 °C 121 

for 1 min and 72 °C for 2 min; and eventually a final extension step at72 °C for 7 min. 122 

PCR products were loaded onto 2% agarose gels, electrophoresis carried out during 1 hour 123 

at 100 V in Tris-acetate-EDTA. Afterwards, gels were stained with ethidium bromide (0.5 124 

µg/mL), during 30 min and visualized under UV light with a G:BoxSyngene™ 125 

transilluminator (Syngene, Cambridge, UK). DNA ladders of 500 bp or 100 bp were 126 

included in the gels as molecular weight controls. 127 

2.4. Genomic fingerprinting of S. aureus isolates 128 
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The RAPD-PCR method was chosen for the differentiation of the S. aureus isolates. 129 

Primers used for this purpose were OPL5, RAPD5 and P1 (Table 1) according to the 130 

method previously described (Gutiérrez et al., 2011). 131 

RAPD-PCR band patterns were scanned and analyzed with the software GENTOOLS 132 

Syngene™ (Syngene, Cambridge, UK). For the construction of the dendrogram, the 133 

Pearson product moment correlation coefficient and the unweighted pair group method 134 

with arithmetic averages (UPGMA) were used (Struelens, 1996). 135 

2.5. Virulence factors detection 136 

The presence of genes encoding for two virulence factors (enterotoxin and biofilm 137 

production) in the genome of the staphylococcal isolates was tested. The detection of eight 138 

enterotoxin genes was performed using two multiplex PCRs. The first one included the sea, 139 

seb, sec, sed and see specific primers, and the second one the primers to detect the seg, seh 140 

and sei genes (Table 1). Additionally, the capability to form biofilms was performed by 141 

using another two multiplex PCRs. One of them combined the primers to detect 142 

simultaneously the icaD and bap genes. In the other one, only the icaA primers were used 143 

(Table 1). 144 

2.6. Susceptibility to antibiotics 145 

Antibiotic susceptibility of staphylococcal isolates was determined by the disc diffusion 146 

method according to the CLSI procedure (2010). The following discs were provided by 147 

Oxoid (Basingstoke, UK): rifampicin (5µg), ciprofloxacin (5µg), oxacillin (5µg), 148 

streptomycin (10µg), quinupristin-dalfopristin (15µg), vancomycin(5µg), erythromycin 149 

(15µg), enrofloxacin (5µg), sulphamethoxazole-trimethoprim (25 µg). Oxacillin was 150 
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included for detection of methicillin-resistant isolates (CLSI, 2010). Plates of Mueller-151 

Hinton agar (Scharlab) seeded with each staphylococcal isolate were incubated at 37 °C for 152 

24 h and the inhibition zone diameters interpreted according to the CLSI tables. The S. 153 

aureus ATCC 25923 was used as a positive control for the inhibition halo formation. 154 

2.7. Susceptibility to bacteriocins 155 

The antimicrobial of bacteriocins against the staphylococcal isolates was determined by the 156 

agar diffusion test. For this purpose, pure nisin A (kindly supplied by Applin & Barret Ltd, 157 

Dorset, UK) and AS-48 (kindly supplied by Dr. Mercedes Maqueda, University of 158 

Granada, Spain) were used. The concentration of stock solutions for nisin A and AS-48 159 

were 30 and 35 µM, respectively. Twenty mL of TSA (1.2 % agar) were inoculated with 160 

staphylococcal isolates at ca. 105 CFU/mL and pour plated. Wells (4 mm in diameter) were 161 

made with a sterile borer and filled with twofold dilutions of bacteriocin solutions in 162 

phosphate-buffered saline buffer. The minimal inhibitory concentration (MIC) was defined 163 

as the lowest concentration that produced a clear inhibition halo after incubation at 37ºC for 164 

24 h (Martínez et al., 2005). The range of bacteriocin concentrations assayed was the 165 

following: Nisin A (30, 15, 7.5, 3.75, 1.875, 0.937 and 0.468 µM) and AS-48 (35, 17.5, 166 

8.75, 4.375, 2.187, 1.093 and 0.547 µM). 167 

2.8. Susceptibility to bacteriophages 168 

The IPLA-CSIC collection bacteriophages vB_SauS-phiIPLA35 and vB_SauS-phiIPLA88 169 

(García et al., 2007), vB_SauM-phiIPLA-RODI and vB_SepM-phiIPLA-C1C (Gutiérrez et 170 

al., unpublished data) and phi11 (Iandolo, 2002) were used to determine their ability to lyse 171 

the staphylococcal isolates. The susceptibility of isolates to the phages was determined by 172 
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the spot test. Five µl of each phage (phage titre about 109 PFU/mL) was dropped onto a 173 

TSA plate overlaid with about 106 CFU/mL of each isolate (Gutiérrez et al., 2010). After 174 

incubation at 37ºC for 24 h, the presence of a clear lysis zone is representative of phage 175 

susceptibility. 176 

3. Results 177 

3.1. Isolation and identification of Staphylococcus aureus 178 

From a total of 149 of presumptive S. aureus isolates found in the 12 farms (from milk and 179 

hands swaps), 68.45% (84 from milk and 18 from hand swaps samples) were identified as 180 

S. aureus according to biochemical methods. The positive identification was confirmed by 181 

the detection of specific amplicons corresponding to the 23S rRNA (1250 bp) and nuc (450 182 

bp) genes. The positive isolates were detected in 30 of 57 cows (52.6%) and in 8 of 12 hand 183 

swabs (66.6%).Only two farms were free from S. aureus (farm 6 and 12), whereas four 184 

cattle handlers were not S. aureus carriers (farm 4, 10, 11 and 12). Isolates were coded 185 

according to their origin (the prefix M for milk, and H for hand swabs). 186 

3.2. Genetic diversity of S. aureus isolates 187 

The genetic diversity of 43 positive isolates (one for each milk sample and one for each 188 

hand swabs) were determined by RAPD-PCR genotyping using three different primers 189 

(Table 1). Strains from IPLA-CSIC (Asturias, Spain) were included to enable the 190 

comparison of genetic variability among Mexican S. aureus and isolates from distant 191 

geographical locations. Isolates were grouped into four main clusters (I-IV), which were 192 

subdivided in eight sub-clusters (Ia, Ib, IIIc, IIId, IVe, IVf, IVg, IVh), with the exception of 193 

cluster II (Figure 1). Cluster I is composed of isolates from four different farms (similarity 194 
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of 37%). Cluster II, with a 43.5% of similarity, included two strains with very different 195 

origin (M16, a Mexican isolate and the collection strain ATCC14458). Of note, cluster III 196 

(47.05% of similarity) includes six of the eight hand isolates, and only one milk isolate 197 

from a different farm (Farm 4). Group IV comprises most of isolates (28 from milk and 2 198 

from hand swabs samples) that were grouped into four sub-clusters and belong to different 199 

farms. Only one Mexican strain (M31) is completely out of clusters since it is closer related 200 

to the Spanish isolate IPLA18 (52% of similarity) than to other Mexican isolates. The 201 

Spanish isolates Sa9 and IPLA 1 are also out of clusters due to their low similarity (32.5% 202 

and 38.6%, respectively) with the other isolates. 203 

For discriminating strains, a threshold similarity value of 90% was set, so that isolates with 204 

a similarity above this value were considered clonal, and excluded for further analyses (M2, 205 

M8, M9, M11, and M28). Accordingly, the 43 Mexican isolates included in the 206 

dendrogram showed 38 different RAPD-PCR profiles (30 from milk and 8 from hand 207 

swabs, respectively). 208 

3.3. Virulence factors of S. aureus isolates 209 

One isolate representative of each of the 38 different RAPD-PCR profiles was selected and 210 

tested for the presence of enterotoxin and biofilm-encoding genes. The most widely 211 

distributed genes were sea (47.3%), seg (55.2%) and sei (31.5%). On the contrary, seb and 212 

sec genes were only detected in a unique isolate (M16 and M35, respectively), and none 213 

isolate harboured neither seh or see genes (Figure 2A). As a whole, 30 of 38 isolates (78.9 214 

%) harboured between one and five enterotoxin-encoding genes (sea, seb, sec, sed, seg and 215 

sei) (Figure 2B).  216 
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In relation to biofilm production genes, all the isolates were positive for the icaA and icaD 217 

genes, responsible for the formation of an exopolysaccharide biofilm matrix, whereas the 218 

bap gene, responsible for the synthesis of a bacterial surface protein involved in the 219 

formation of a proteinaceous biofilm matrix, was also detected in 11 of the 38 isolates 220 

(28.9%) belonging to 6 farms (Farms 2, 3, 4, 5, 8, and 11). It is worth noticing that one the 221 

isolates (H7, Farm 8) harbouring the bap gene has human origin (Figure 3). 222 

3.4. Antimicrobial susceptibility  223 

Antibiotics 224 

The 38 isolates (100%) showed a high susceptibility to antibiotics tested since only the 225 

milk isolate M15 show resistance to streptomycin (10 µg) and intermediate resistance to 226 

erythromycin (15 µg) was shown by the milk isolate M7 (data not shown).  227 

Bacteriocins 228 

The susceptibility of S. aureus isolates to the lantibiotic nisin A and the circular bacteriocin 229 

AS-48 was determined. The MICs of nisin (Figure 4A) and AS-48 (Figure 4B) for most of 230 

the strains were 7.5 and 8.8 µM, respectively, suggesting that both bacteriocins displayed 231 

similar antimicrobial potency against these isolates. Furthermore, both bacteriocins were 232 

active against S. aureus strains, regardless whether they were isolated from milk or human 233 

handlers and both populations showed a similar MIC distribution. Nevertheless, resistant 234 

strains to the highest bacteriocin concentrations were detected. Of note, the human isolates 235 

H1 and H8 were resistant to both bacteriocins. 236 

Bacteriophages 237 
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The susceptibility of of S. aureus isolates to bacteriophages from the IPLA-CSIC collection 238 

was assessed (Figure 5). The 38 isolates were sensitive to the phage vB_SauM-phiIPLA-239 

RODI but all of them were resistant to phage vB_SauM-phiIPLA-C1C. The lytic activity of 240 

phagesvB_SauS-phiIPLA88 and phi11 was very similar, showing a host inhibition 241 

spectrum almost identical (32 and 33 isolates, respectively). Two of the isolates resistant to 242 

both these phages have human origin. The isolates showed a greater diversity in relation to 243 

the susceptibility to phage vB_SauS-phiIPLA35. Fourteen of 38 isolates (36.8%) were 244 

sensitive. Of note, most of human isolates (7 of 8) were resistant to this phage. 245 

4. Discussion 246 

So far, there are only limited data on the prevalence of S. aureus in Mexican dairy farms. 247 

Nevertheless, the presence of S. aureus had been detected in milk samples from cows with 248 

subclinical and clinical mastitis in dairy farms with several herd sizes located at the 249 

Central-Eastern area of Mexico (Manjárrez-López et al., 2012). Apart from the bovine 250 

origin of staphylococcal isolates (11.3%), these authors highlighted the role of humans as 251 

vectors for S. aureus transmission since the 79.3% showed human origin. The present study 252 

provides information about the prevalence of S. aureus in twelve small dairy farms from 253 

the highlands of Central Mexico. This microorganism was detected in milk samples from 254 

30 of 57 cows (52.6%) and in 8 of 12 hand swabs (66.6%) tested. It should be noted that 255 

the pathogen was not detected in milk samples from two of the farms (Farm 6 and 12). 256 

Likewise, hand swabs samples taken from the cattle handlers in Farms 4, 10, 11 and 12 did 257 

not harbour S. aureus either. Farm 12, thus, is the only one completely free from S. aureus 258 

contamination. This may indicate a more suitable management that should be implemented 259 

in the other farms. Interesting, S aureus prevalence was clearly lower in milk samples 260 
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(6.6%) from dairy farms of similar size in the state of Sao Paolo (Brazil), although the 261 

importance in terms of public health is underlined (Lee et al., 2012). More recently, Rall et 262 

al. (2014) observed slight differences in the presence of Staphylococcus spp. between 263 

healthy (22.5%) and cows with subclinical mastitis (27.5%). Nevertheless, marked 264 

differences were observed between healthy and infected cows in relation to staphylococcal 265 

isolates identified as S. aureus (1.6 and 27.4%, respectively). 266 

Despite the evidences indicating that animals can be a source of S. aureus zoonotic 267 

infections of humans (Van Cleef et al., 2011) and also that humans represent a source of 268 

pathogens infecting livestock (Sakwinska et al., 2011), the RAPD-PCR analysis and further 269 

clustering performed in this study revealed scarce relationship between milk and human 270 

isolates, suggesting that transmission of S. aureus from farmers to cows or viceversa have 271 

not occurred yet in the small farms from the highlands of Central Mexico. Regarding the 272 

isolates from milk samples, certain diversity was found. Although most of them belong to 273 

cluster IV, isolates from the 10 positive farms are distributed among the four subclusters 274 

(IVe-h), with the exception of the 3 isolates from Farm 1 that are grouped into subcluster 275 

IVh. Moreover, cluster I harbours isolates from 4 distinct farms. A similarity over 90% was 276 

only detected between isolates within Farm1, Farm 2 and Farm 3. By contrast, human 277 

isolates showed lower diversity. In fact, 6 of 8 isolates belong to subcluster IIId, with a 278 

similarity ranging from 56 to 81%. The remaining isolates (H2 and H4), with 87% 279 

similarity, belong to subcluster IVh, being closer to isolates from Farm 1 (74% similarity) 280 

than to any others. As expected, strains from distant geographical locations (Sa9, IPLA 1, 281 

IPLA 18 and ATCC 14458) showed very low genetic relationship with Mexican isolates, 282 
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with the exception of isolates M31 and M16. Indeed, Sa9, IPLA 1, IPLA18 and M31 were 283 

not included in none of the clusters due to the low similarity with the other isolates. 284 

The presence of enterotoxin-producing and biofilm formation genes in the genome of S. 285 

aureus isolates contribute to their pathogenicity. Actually, enterotoxin-producing (SE) 286 

strains are involved in numerous episodes of food poisoning by consumption of 287 

contaminated dairy products (Le Loir et al., 2003) and in chronical mastitis infection 288 

(Vasudevan et al., 2003), respectively. Most of the isolates with different RAPD pattern are 289 

multi-SE genes carriers (73.7%) and consequently, potential enterotoxigenic. They have 290 

been found in milk samples from the 10 farms positive for S. aureus. The not 291 

enterotoxigenic isolates (23.3% from milk samples) are distributed among Farms 5, 7, 9, 292 

and 11. Of note, the unique isolate from human origin (H3) that does not harbour any se 293 

genes was detected in a different farm (Farm 3). The presence of sea gene in most of 294 

isolates from milk produced in Farms 1, 2, 3, 4 and 5 make them a potential risk for 295 

consumers as cheeses are made with these milks and it is known that SEA enterotoxin is 296 

the most common in staphylococcal food-poisoning (Pinchuk et al., 2010). Interesting, sea 297 

gene was also detected in three isolates from the cattle handlers but in different farms 298 

(Farm 7, 8 and 9). Thus, the use of milk for cheese manufacture implies a risk for 299 

consumers regardless of the farm where it is produced. It should be also noticed that 33.3% 300 

and 37.5% of milk and human isolates, respectively, harbour seg and sei genes. A high 301 

frequency of both genes has been previously associated to S. aureus detected in cheese 302 

(Ikeda et al., 2006) and in food industry surfaces (Gutiérrez et al., 2012). It has been also 303 

reported that sei gene is quite common in isolates from bovine subclinical mastitis 304 

(Günaydin et al., 2011). Additionally, SEG and SEI enterotoxins has been involved in food 305 
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poisoning episodes in South–Korea (Cha et al., 2006), this means an additional support of 306 

the potential risk for consumers of the staphylococcal isolates found in this study. It is 307 

surprising that the sec gene had been detected in only one isolate since production of SEC 308 

has been previously reported in quite a few S. aureus strains isolated from mastitic milks 309 

(Stephan et al., 2001; Rall et al., 2014). Interesting, none of isolates harbours the seh gene 310 

and only one the seb gene. These genes are rarely present in mastitis isolates, although SEB 311 

enterotoxin has been reported as responsible for septic shock and food poisoning (Ote et al. 312 

(2011). On the other hand, it is worth mentioning that the Mexican isolate M16 and the 313 

Spanish isolate IPLA 1 (from the internal surface of milk bulk tank) on the one hand, and 314 

M31 and IPLA 18 (from a knife of a meat industry) on the other hand, have some common 315 

characteristics: M16 and IPLA1 harbour sea, seg and sei genes, whereas M31 and IPLA18 316 

are not enterotoxin- genes carriers.  317 

The pathogenicity of isolates is increased by their ability to produce biofilms since this way 318 

of growth protects bacteria from immune system and antimicrobial treatments (Valle et al., 319 

2012). In fact, all the isolates are potential polysaccharide-type biofim producers as N-320 

acetylglucosamine transferase genes (icaA and icaD) involved in the biosynthesis of PIA 321 

(polysaccharide intracellular adhesin responsible for intracelular adhesion) (Crampton et 322 

al., 1999) have been detected in all of them. Similar results were observed in isolates from 323 

food industry surfaces (Gutiérrez et al., 2012). The gene bap, responsible for the synthesis 324 

of the cell wall bound surface protein Bap and related to biofilm formation with 325 

proteinaceous nature (Cucarella et al., 2001), has been detected in 10 isolates from milk and 326 

in one human isolate (H7). This last result is particularly relevant because, so far, this gene 327 

had been only associated to infection of bovine udders (Cucarella et al., 2004), meanwhile 328 
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bap-harbouring strains associated to human infections are coagulase negative 329 

Staphylococcus (Arciola et al., 2012). 330 

The isolate H7 was found in Farm 8, but none of the milk isolates from this farm are bap 331 

gene carriers. Thus, it would be expected that the cattle handler could have been in contact 332 

with cattle from farms in which the bap gene was found. However, the RAPD profile of the 333 

human isolate (SubclusterIIId) is quite different to the profiles of the other bap-carriers 334 

(subclusters IVf and IVg). The isolates M16 and M31 and their related Spanish isolates 335 

(IPLA1 and IPLA 18) also share characteristics related with the biofilms production ability: 336 

they are icaA-icaD carriers but none harbours the bap gene. 337 

The antibiotic therapy is used to treat the staphylococcal mastitis. Thus, the susceptibility 338 

tests to antibiotics are an important guide for veterinarians to select the most suitable 339 

treatment when udder infection occurs. Despite multidrug-resistant S. aureus strains are 340 

spread worldwide, in this study all the isolates but two (one resistant to aminoglycoside 341 

streptomycin and one showing an intermediate resistance to the macrolide erytromycin) 342 

where susceptible to a number of antimicrobials approved by EU for veterinary use 343 

(ciprofloxacin, streptomycin, erythromycin, enrofloxacin, sulphamethoxazole-344 

trimethoprim, vancomycin and oxacillin) and to rifampicin and quinupristin-dalfopristin, 345 

used exclusively in human medicine. Due to the great concern about MRSA strains (Lee, 346 

2003), it is interesting to note that none of isolates were resistant to oxacillin. The notable 347 

antibiotic susceptibility suggests a rational use of antibiotic therapy in the Mexican small-348 

scale dairy systems. 349 
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The increasing emergence of multidrug resistant pathogens requieres alternative approaches 350 

to antibiotic therapy such as bacteriocins (Cotter el al., 2013). The lantibiotic nisin A and 351 

the circular bacteriocin AS-48 were chosen due to their proved activity against S. aureus 352 

(Delves-Broughton et al., 1996; Sánchez-Hidalgo et al., 2011). Most isolates were sensitive 353 

to the bacteriocin concentrations tested. This support their potential use to fight against the 354 

staphylococcal isolates that colonize the small dairy farms analyzed. Regarding this, a 355 

nisin-based intramammary infusion product designed to treat subclinical mastitis (Mast 356 

OutR) is waiting for US Food and Drug Administration (FDA) approval 357 

(http://www.immucell.com). In should be noticed that two isolates (H1, H8) from human 358 

origin showed resistance to 30 µM of nisin A, H8 being also resistant to 35 µM of AS-48. 359 

Whether they share the same resistance mechanism against nisin and AS-48 has not been 360 

addressed. However, it is likely that changes at the surface of H1 and H8 may reduce the 361 

initial electrostatic interactions between the bacteriocins and the cells and result in cross-362 

resistance to both cationic peptides as previously described (Kaur et al., 2011). Of note, the 363 

control strain S. aureus CECT 4013 showed a MIC of 7.5 µM for nisin as most of isolates 364 

but its MIC was clearly higher for AS-48 (35 µM).  365 

Bacteriophages are also a promising alternative to fight against antibiotic resistant 366 

pathogens from human or bovine origin (Duckworth and Gulig, 2002; Dias et al., 2013). 367 

Moreover, they have been successfully assayed as biocontrol agents in dairy products 368 

(García et al., 2007; 2010). In this regard, the sensitivity of the staphylococcal isolates 369 

against five bacteriophages was tested. These phages are members of two bacteriophage 370 

families: Siphoviridae (phi11, vB_SauS-phiIPLA88 y vB_SauS-phiIPLA35) and 371 

Myoviridae (vB_SauM-phiIPLA-RODI and vB_SauM-phiIPLA-C1C). vB_SauM-372 
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phiIPLA-RODI has been shown as the most effective bacteriophage as it was able to infect 373 

and lyse all the isolates, regardless of their bovine or human origin. Similar results were 374 

observed by Dias et al. (2013) since 4 of 10 bacteriophages isolated in mastitic milks were 375 

effective against all the mastitis causing S. aureus isolates. PhagesvB_SauS-phiIPLA88 and 376 

phi11 also showed notorious anti-staphylococcal effectiveness (84.2 and 86.8% of isolates) 377 

with almost identical host inhibition spectrum. This result could be related to the high 378 

degree of genomes identity (75.3%) and the notorious protein content shared (65%) (García 379 

et al., 2009). A small host inhibition spectrum was shown by phage vB_SauS-phiIPLA35 380 

and most of resistant isolates are grouped in Cluster III to which most human isolates 381 

belong. Despite isolates from human origin were particularly resistant to this phage as only 382 

one was sensitive, this was not observed for the other phages. In fact, none human isolates 383 

were resistant to phage RODI whereas two were resistant to IPLA88 and phi11. By 384 

contrast, phage vB_SauM-phiIPLA-C1C was unable to infect any isolate. This result is in 385 

agreement with previous data (Gutiérrez et al, unpublished data) since this phage is much 386 

more active against Staphylococcus epidermidis than against S. aureus strains. 387 

Overall, results highlight the need to improve the hygienic conditions and milking practices 388 

in the small-scale dairy systems located in the highlands of Central Mexico, since potential 389 

entetotoxigenic and biofilm S. aureus producers are widely distributed in the farms. The 390 

application of incentives or penalties in function of the hygienic quality to calculate the 391 

price of milk that should be paid to the farmers may contribute to the implementation of  392 

good management and milking practices as has been the case for large-scale farms who sell 393 

to large milk processors in Mexico and in other countries.  394 
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There is no evidence of S. aureus transmission between farmers and cattle and viceversa 395 

since RAPD profiles of isolates from milk and human origin show low similarity. Of note, 396 

the high antimicrobial susceptibility of isolates points to a limited and rational use of 397 

antibiotic therapy to treat mastitis infections. Alternative approaches based on bacteriocins 398 

and bacteriophages have been tested as potential tools to eliminate the pathogen from cattle 399 

and handlers in a friendly-environment way, with the final aim to enhance the herd health 400 

and diminish the inherent food poisoning risk associated to the consumption of cheese 401 

made with raw milk produced in these farms. 402 
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Figure 1. Dendogram obtained by cluster analysis of RAPD-PCR profiles of S. aureus 585 

isolated from Mexican small-scale dairy systems, using the UPGMA method and the 586 

Pearson product moment correlation coefficient. Dashed line represents threshold similarity 587 

value of 90% for discriminating isolates.  588 
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Figure 2. Enterotoxin-encoding genes in S. aureus isolates from Mexican small-scale dairy 592 

systems. A) number of isolates harbouring se-genes; B) number of se genes per isolate 593 

(dark greybar, isolates from milk; grey bar, isolates from hand swabs). 594 
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Figure 3. Biofilm-encoding genes in S. aureus isolates from Mexican small-scale dairy 604 

systems (dark grey bar, isolates from milk; grey bar, isolates from hand swabs). 605 
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Figure 4. MICs (µM) for bacteriocins against S. aureus isolates from Mexican small-scale 613 

dairy systems as determined by the agar diffusion test (dark grey bar, isolates from milk; 614 

grey bar, isolates from hand swabs) 615 

 616 
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 620 
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Figure 5. Host inhibition spectrum of bacteriophages phi11 (A), vB_SauS-phiIPLA88 (B) y 622 

vB_SauS-phiIPLA35 (C) (Siphoviridae family) and vB_SauM-phiIPLA-RODI (D) and 623 

vB_SauM-phiIPLA-C1C (E) (Myoviridae family) against S. aureus isolates from Mexican 624 

small-scale dairy systems (dark grey bar, isolates from milk; grey bar, isolates from hand 625 

swabs) 626 
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Table 1. Primers and bacterial strains used in the PCR (adapted from Gutiérrez et al., 2012). 633 

Gene  

Control  

S. aureus 

strain 

Primer Sequence 

(5´-3´) 

Final 

concentration 

for PCR 

(µM) 

Amplicon 

size (pb) 

Reference 

23S rRNA Sa9 

ACGGAGTTACAAAGGACGAC 

AGCTCAGCCTTAACGAGTAC 

 

0.2 

1250 Straub et al., 1999 

nuc Sa9 

AGTATATAGTGCAACTTCAACTAA
 

ATCAGCGTTGTCTTCGCTCCAAAT 

 

0.8 450 

 

Wilson et al., 1991 

 

RAPD-

PCR 

 

OPL5: ACGCAGGCAC 

RAPD5: AACGCGCAAC 

P1: CCGCAGCCAA 

1 

 Gutiérrez et al., 2011 

sea
a 

ATCC 

13565 

CCTTTGGAAACGGTTAAAACG 

TCTGAACCTTCCCATCAAAAAC 

10 
127 Becker et al., 1998 
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Table 1.  ... continued 634 

 635 

  636 

seb
a 

ATCC 

14458 

TCGCATCAAACTGACAAACG 

GCAGGTACTCTATAAGTGCCTGC 

10 
477 

 

sec
a 

ATCC 

14458 

CTCAAGAACTAGACATAAAAGCTAGG 

TCAAAATCGGATTAACATTATCC 

0.4 
271 

sed
a 

ATCC 

13565 

CTAGTTTGGTAATATCTCCTTTAAACG 

TTAATGCTATATCTTATAGGGTAAACAT

C 

10 

319 

see
a 

ATCC 

27664 

TAACTTACCGTGGACCCTTC 

CAGTACCTATAGATAAAGTTAAAACAA

GC 

10 

178 

seg
b 

ATCC 

19095 

AAGTAGACATTTTTGGCGTTCC 

AGAACCATCAAACTCGTATAGC 

2 
287 Omoe et al., 2002 
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Table 1. ... continued 637 

a 
Primers were grouped in the same multiplex PCR. 638 

b 
Primers were grouped in the same multiplex PCR. 639 

 640 

seh
b 

ATCC 

19095 

GTCTATATGGAGGTACAACACT 

GACCTTTACTTATTTCGCTGTC 

2 
213 

 

sei
b 

ATCC 

19095 

GGTGATATTGGTGTAGGTAAC 

ATCCATATTCTTTGCCTTTACCAG 

2 
454 

icaA 

ATCC 

15981 

CCTAACTAACGAAAGGTAG 

AAGATATAGCGATAAGTGC 

2.5 
1315 

Vasudevan et al., 2003 

icaD 

ATCC 

15981 

AAACGTAAGAGAGGTGG 

GGCAATATGATCAAGATAC 

2.5 
381 

Bap V329 

CCCTATATCGAAGGTGTAGAATTGCAC 

GCTGTTGAAGTTAATACTGTACCTGC 

2.5 
971 Cucarella et al., 2004 




