
2151

J. Dairy Sci. 99:2151–2156
http://dx.doi.org/10.3168/jds.2015-9940
© American Dairy Science Association®, 2016.

ABSTRACT

The methicillin-resistant Staphylococcus aureus 
(MRSA) has recently frequently been reported in dairy 
cattle, usually with low prevalence. The livestock-
associated MRSA (LA-MRSA) ST398 is especially 
involved in cases of subclinical and clinical mastitis. 
Swine carry LA-MRSA without clinical symptoms 
and are considered its reservoir and shedder. People 
exposed to swine are particularly at risk of LA-MRSA 
colonization. Environments with relevant livestock den-
sity are a demonstrated risk factor for humans to be 
carriers of a LA-MRSA. This work investigated dairy 
farms located in an area with a high livestock density, 
mainly represented by swine. Bulk tank milk samples 
from 224 dairy farms were collected, and their status 
was defined as MRSA-positive or MRSA-negative 
based on culture on chromogenic medium. The number 
of fattening swine and of fattening swine herds was 
calculated in an area of 3 km around each dairy farm 
through georeferencing. The probability of a Staphylo-
coccus aureus-positive dairy farm to be MRSA positive 
based on the extent of potential infective pressure due 
to swine density was calculated. Both the number of 
swine herds and the number of swine were associated 
with the MRSA status of dairy herds. The 9 MRSA 
isolated were typed by multi-locus sequence typing and 
spa-typing, and characterized for their virulence fac-
tors and antimicrobial resistance profiles. The ST and 
spa-types detected are consistent with those present in 
the Italian swine population. Virulence and resistance 
profiles are mostly consistent with the types detected. 

This work provides the first evidence of the epidemio-
logical challenge exerted by the density of the swine 
population on MRSA in dairy cows.
Key words: methicillin-resistant Staphylococcus aureus, 
bulk tank milk, cow, swine density, georeferencing

Short Communication

Methicillin-resistant Staphylococcus aureus (MRSA) 
has been a public health concern since the 1960s, when 
strains linked to healthcare settings and nosocomial in-
fections (hospital-acquired MRSA) were reported. In the 
1990s, other MRSA strains started circulating among 
the general population without history of admission to 
healthcare facilities (community-acquired MRSA; De-
Leo et al., 2010). The emergence of livestock-associated 
strains (LA-MRSA) made MRSA an animal health 
challenge as well (Voss et al., 2005). Some occupational 
categories (veterinarians, farmers, slaughterhouse em-
ployees) are particularly at risk to be MRSA nasal car-
riers (van den Broek et al., 2009; van Cleef et al., 2011) 
and may develop infections due to the contact with 
food animals and the farm environment. The spread 
and persistency of the LA-MRSA ST398 in particular 
in swine production chains has been described, and 
the role of environmental dust as a MRSA vector and 
reservoir has been clarified (EFSA, 2010; Broens et al., 
2011; Friese et al., 2012; Merialdi et al., 2013). A cor-
relation between the detection of LA-MRSA ST398 in 
humans and the density of swine and cattle population 
was observed (van Loo et al., 2007). Bulk tank milk 
(BTM) represents an excellent and increasingly used 
herd-level screening tool for the detection of contagious 
mastitis pathogens. Several surveys have been carried 
out using BTM culture to detect MRSA in dairy farms 
(Haran et al., 2012; Kreausukon et al., 2012; Paterson et 
al., 2012), revealing a prevalence with relevant regional 
differences ranging from 0.3% in the United Kingdom 
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(Paterson et al., 2012) to 4.4% in Germany (Kreausu-
kon et al., 2012). Apart from different sampling choices 
and different laboratory methods and media used, it 
is conceivable that many factors associated with the 
studied population and the epidemiological background 
of the area, including farm density and mutual position, 
could contribute in determining the MRSA prevalence.

Global positioning systems and geographic infor-
mation systems have become effective tools for the 
comprehension of infectious diseases epidemiology and 
dynamics (Feingold et al., 2012; Smit et al., 2012). The 
farms were localized in an area with a very high density 
of livestock farming, particularly with a high density 
of swine holdings. The aim of this study was evaluate 
the association between MRSA in BTM of dairy herds 
and the density of swine and swine holdings around 
each dairy farm and to type the MRSA isolates. The 
study area included part of 3 Northern Italy provinces, 
Brescia, Bergamo, and Mantova (Figure 1), where 
Italian dairy and swine farms are very concentrated. 
Once a year, all dairy farms located in Brescia prov-
ince or delivering milk to dairy industries in Brescia 
are controlled through BTM culturing for the presence 
of Staphylococcus aureus and Streptococcus agalactiae. 
From February to March 2011, BTM samples were col-
lected from 224 dairy herds that resulted positive for S. 
aureus at the previous annual screening, out of a total of 
1,102 controlled farms. Once thawed at room tempera-
ture, a 2-step enrichment protocol was applied to 1 mL 
of each BTM sample for MRSA detection as previously 
described (Spohr et al., 2011). Finally, 100 μL of the 
inoculated TSB broth was spread onto MRSA Chro-
mogenic Agar (Laboratorios Conda, Madrid, Spain) 
and the plates were incubated for 48 h at 37°C. Blue-
greenish colonies with halo were considered putatively 
MRSA, picked up, and subcultured. For MRSA con-
firmation, a duplex PCR, which detected nuc (Baron 
et al., 2004) and mecA (Murakami et al., 1991) genes, 
was performed. A third PCR was performed target-
ing the variant mecC gene according to Paterson et al. 
(2012). Herds were classified in 2 categories, referred to 
as “status” hereafter throughout the paper: (1) MRSA-
negative herds; (2) MRSA-positive herds.

The SCC was determined for all BTM samples by 
an automated somatic cell counter (Bentley Somacount 
150, Bentley Instruments, Chaska, MN). Multilocus 
sequence typing was performed according to Enright 
et al. (2000) with minor modifications, and multi-locus 
sequence type (ST) was assigned based on sequence 
allelic profiles using the multi-locus sequence typing 
(MLST) database website (http://www.mlst.net). The 
X region of the spa gene was amplified according to 
Shopsin et al. (1999). To obtain the spa type, the se-
quences were analyzed with the Ridom StaphType soft-

ware program (version 1.4; Ridom, GmbH, Wurzburg, 
Germany, http://spa.ridom.de/index.shtml). The DNA 
was amplified to verify the presence of virulence-asso-
ciated genes using the panel of primers and protocols 
described by Cremonesi et al. (2013). The virulence 
factors considered were thermonuclease encoded by the 
nuc gene, and the enterotoxins A, B, C, D, E, G, H, I, 
J, K, and L encoded, respectively, by sea, seb, sec, sed, 
see, seg, seh, sei, sej, sek, and sel genes; the clumping 
factor A, toxic shock syndrome toxin 1, and exfoliative 
toxins A and B encoded, respectively, by clfA, tsst, eta, 
and etb genes. The presence of the following virulence 
factors was also investigated: leukocidin E (lukE), 
leukocidins E and D (lukE-lukD), Panton-Valentine 
leukocidin (lukF/S-PV), chemotaxis inhibitory protein 
(chp), fibronectin binding protein (fmtB), staphyloki-
nase (sak), staphylococcal complement inhibitor (scn), 
and collagen binding protein (cna).

Minimum inhibitory concentrations of 20 antibiotics 
were determined for each MRSA isolated, using broth 
dilution test, according to the procedure described 
in CLSI guidelines Vet01A4 (CLSI, 2013a). The an-
timicrobials tested were ampicillin, oxacillin + 2% 
NaCl, amoxicillin/clavulanic acid, amikacin, cefoxitin, 
ticarcillin, cefpodoxime, ticarcillin/clavulanic acid, 
trimethoprim/sulfamethoxazole, cefazolin, gentami-
cin, imipenem, clindamycin, penicillin, doxycycline, 
ceftiofur, marbofloxacin, rifampin, enrofloxacin, and 
erythromycin. A commercially available microdilution 
MIC system (Sensititer compan1F, Trek Diagnostics 
Systems, East Grinstead, UK) was used according to 
the manufacturer’s instructions. Antimicrobial sensitiv-
ity was evaluated according to the breakpoints listed in 
CLSI Vet01-S2 guideline for Staphylococcus spp. (CLSI, 
2013a). Disk diffusion test was performed according to 
the procedure described in CLSI guidelines Vet01A4 
(CLSI, 2013a) for cefoxitin as a marker for oxacillin 
and methicillin resistance, according to CLSI guidelines 
(CLSI, 2013b). Staphylococcus aureus ATCC 29213 was 
used as a quality control strain for both the test, MIC 
and disk diffusion.

All fattening swine holdings in the same area were 
also localized within a 3 km radius from each positive 
and negative dairy herd (Figure 1). This distance was 
chosen considering those used by Smit et al. (2012) for 
Q fever and taking into account that operations associ-
ated with farms (e.g., livestock transportation, manure 
spreading) contribute to MRSA diffusion. The number 
of swine herds and the average size of swine herds were 
used to calculate animal density within the traced area 
around each dairy farm. The choice of fattening swine 
herds is based on the results of Friese et al. (2012) that 
found a much higher frequency of MRSA-positive dust 
samples in this type of farm than in breeding farms.
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All statistical analyses were performed using SPSS 
22.0 (IBM, SPSS Inc., Chicago, IL). For statistical pur-
poses, bulk milk SCC were transformed in somatic cell 
linear score (BMSCS) to normalize their distribution 
as described by Kirk (1984). The BMSCS, number of 
herds, and animal density, both for dairy farms and 
fattening swine farms, did not follow a normal distribu-
tion according to Shapiro-Wilk test. Difference between 
BMSCS in negative and positive MRSA S. aureus dairy 
farms was assessed by a nonparametric test (U Mann-
Whitney) as the average number of lactating cows and 
fattening swine herds number and their density. A bi-
nary logistic regression analysis was used to evaluate 
the probability for a dairy farm with S. aureus-positive 
BTM, of being also MRSA-positive, related to the fat-
tening swine herds number and density present in a 3 
km area around the farm. Statistical significance was 
accepted at P < 0.05.

Putative MRSA colonies (up to 5 per suspected plate) 
were picked up from chromogenic agar and tested for 
confirmation as described above. In 9 BTM samples 
MRSA isolates were detected and confirmed. All iso-
lates were positive for mecA and negative for mecC 
gene. Considering all the herds tested, the prevalence of 
MRSA-positive herds found was 4%. The 9 MRSA-pos-
itive isolates were genotyped and characterized (Table 
1). Two multilocus ST were detected: ST398 (n = 5) 
and ST97 (n = 4). Three spa types were detected be-
longing to ST398: t899 (n = 3), t001 (n = 1), and t108 
(n = 1). The spa types belonging to ST97 were t4795 (n 
= 3) and t9305 (n = 1). All the isolates were negative 
for PVL, toxic shock syndrome toxin, and staphylococ-
cal enterotoxins. The genes coding for staphylokinase, 
staphylococcal complement inhibitor, and chemotaxis 
inhibitory protein were also undetected. The MIC 
confirmed resistance of all the MRSA to doxycycline, 

Figure 1. Spatial distribution of the epidemiological elements involved in a map of the study area. Grey dots represent the negative samples, 
and black crosses represent methicillin-resistant Staphylococcus aureus (MRSA)-positive dairy farms. The black dots are the fattening swine 
herds. The different grey intensities represent the density of swine in each municipality.



2154 LOCATELLI ET AL.

Journal of Dairy Science Vol. 99 No. 3, 2016

penicillin, and ampicillin. All 9 isolates were susceptible 
to trimethoprim/sulfamethoxazole. Resistance rate was 
22% for amikacin, 78% for gentamicin and erythro-
mycin, 89% for clindamycin, marbofloxacin, and enro-
floxacin, 55% for ceftiofur. According to MIC results, 3 
strains out of 9 (2785, 2605, and 2795) were susceptible 
to oxacillin (MIC ≤2 μg) and cefoxitin (MIC ≤4 μg), 
and another (2601) displayed resistance only against 
cefoxitin (with the MIC for oxacillin = 2 μg).

The average number of lactating animals per herd 
was 208.9 cows (SD ± 191.6), with a minimum of 4 and 
a maximum of 1,320. The average size of dairy herds 
tended to be positively associated with MRSA status 
(P = 0.08). The bulk milk SCC geometric mean was 
numerically higher in MRSA-positive dairy herds, but 
the value was not significant (286,000 ± 212,000 vs. 
236,000 ± 231,000, P = 0.38). The number of fattening 
swine herds in the traced 3 km area was significantly 
higher around MRSA-positive herds (P < 0.001) com-
pared with the area surrounding the negative dairy 
herds. Similarly, the swine population in each of the 3 
km areas was significantly higher around MRSA-posi-
tive herds (P < 0.001) compared with the area around 
the MRSA-negative dairy herds.

The binary logistic regression model demonstrated a 
significant association between the number of fattening 
swine herds (P < 0.001) and the estimated probability 
for a S. aureus-positive dairy farm of being MRSA posi-
tive. Similarly, the number of swine was also associated 
(P < 0.001) with the probability of MRSA positivity.

This study reports an evaluation of MRSA prevalence 
in Italian dairy herds based on BTM samples in an area 
with high density of dairy cows and swine. Although 
evaluated at a local level, the low prevalence recorded 
is in agreement with data available from similar studies 
(Kreausukon et al., 2012; Haran et al., 2012; Paterson 
et al., 2012). Recent work that sampled dairy cows at 
quarter level showed a low prevalence in Italian dairy 
herds in different regions (Luini et al., 2015). The dis-
agreement with the significantly higher rate found from 
Antoci et al. (2013) is probably due to the selection of 
sampled herds among those that already experienced 
MRSA in the previous 3 yr and to variability in the 
amount of samples and in testing methods. To the au-
thors’ knowledge, this is the first statistical demonstra-
tion of the effect of swine population density on dairy 
cattle LA-MRSA status at milk level. Tavakol et al. 
(2012) detected MRSA ST398 in 14 dairy herds in the 
Netherlands and stated that the fact that 9 of them 
(64%) harbored both cows and swine was a confirma-
tion of MRSA transmission among animals.

The lineages detected were those prevalent in a swine 
population that is mainly concentrated in the area 
where the current study was performed, or in areas with T
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comparable epidemiological features (Battisti et al., 
2010). The only exceptions were t001 and t9305. More-
over, the presence of multiple ST and spa types mirrors 
the heterogeneity reported by Battisti et al. (2010). 
The virulence gene patterns (Table 1) were consistent 
with the ST and spa types. Isolate 2669 was the only 
exception as it was positive for the fibronectin binding 
protein gene encoding the fibronectin binding protein, 
unlike the other isolates belonging to ST97 t4795. The 
absence of virulence genes usually detected in human S. 
aureus is in agreement with previous studies (Battisti 
et al., 2010; Kreausukon et al., 2012; Molla et al., 2012; 
van Duijkeren et al., 2014) and contributed to exclude 
a human to animal transmission of the present isolates 
(Nemeghaire et al., 2014). The ST97 belongs to the 
clonal complex CC97 that is one of the most prevalent 
lineages in Italian swine production chain and in bovine 
mastitis (Battisti et al., 2010; Luini et al., 2015). Spoor 
et al. (2013) recently demonstrated that CC97 was of 
bovine origin and then passed to humans and other ani-
mal species, whereas CC398 was of human origin and 
then passed to swine, acquiring methicillin resistance. 
The different host association and species-to-species 
jumps could justify the peculiar virulence gene pattern 
displayed.

The antimicrobial resistance profiles were quite dif-
ferent within a genotype, denoting a genetic and phe-
notypic variability among the strains detectable in the 
population (Feßler et al., 2012). The only isolates with 
the same pattern of resistance were 2672 and 2669 be-
longing to ST97 spa type 4795. All the isolates demon-
strated resistance to more than 2 antimicrobial classes. 
The widest antimicrobial resistance profile was that of 
isolate 2629, belonging to ST97 t9305. In general, the 
resistance of all the 9 isolates to doxycycline and tetra-
cycline was consistent with that peculiar to LA-MRSA 
from swine and cows (Battisti et al., 2010; Vanderhae-
ghen et al., 2010; Spohr et al., 2011; Kreausukon et 
al., 2012). Conversely, all the isolates were susceptible 
to trimethoprim/sulfamethoxazole that is uncommon 
in MRSA from production animals (Vanderhaeghen 
et al., 2010; Kreausukon et al., 2012; Nemeghaire et 
al., 2014). All the isolates but 2605 were resistant to 
fluoroquinolones, and this is a very high prevalence 
when compared with that observed by other studies 
(Vanderhaeghen et al., 2010; Kreausukon et al., 2012).

One isolate out of 9 was found susceptible to oxacillin 
in both the methods used for antimicrobial susceptibil-
ity evaluation, and only 5 were resistant to cefoxitin. 
However, the mecA gene was detected in each of the 
9 isolates, so the definition of MRSA provided by 
CLSI (2013a) was fully satisfied. Moreover, oxacillin-
susceptible MRSA has been described (Hososaka et al., 
2007; Kumar et al., 2013), and it has been reported as 

being carried by dairy cattle as well (van Duijkeren et 
al., 2014).

This is the first work applying georeferencing to the 
likelihood of dairy farms to be MRSA positive in rela-
tion to the swine population density. The findings of 
this work demonstrated a clear exposure-response rela-
tionship between the number of swine and swine herds 
and each dairy farm’s status in regard to methicillin 
resistance. Environmental dust is a passive spreader of 
MRSA, carried by the wind and contaminated items 
(cloths, boots, gloves, and so on), and it is possible that 
with these dynamics MRSA could spread from swine to 
nearby dairy farms (Friese et al., 2012; Merialdi et al., 
2013). This could have potential implications in surveil-
lance of MRSA in livestock and humans as well. Spe-
cifically regarding dairy farms, MRSA transmission, in 
a MRSA-contaminated environment, should be reduced 
through milking hygiene and culling of MRSA-positive 
cows (Spohr et al., 2011).
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