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Abstract 57 

Background: Whether mice are an appropriate model for S. aureus infection and vaccination 58 

studies is a matter of debate, because they are not considered as natural hosts of S. aureus. 59 

Sparked by an outbreak of S. aureus infections in laboratory mice, we investigated whether 60 

laboratory mice are commonly colonized with S. aureus and whether this might impact on 61 

infection experiments.  62 

Methods: We characterized 99 S. aureus isolates from laboratory mice (spa typing, virulence 63 

gene PCR), and quantified murine antibodies using FlexMap technology. 64 

Results: Specific-pathogen-free mice from various vendors were frequently colonized with S. 65 

aureus (0-21%). S. aureus was readily transmitted from murine parents to offspring, which 66 

became persistently colonized. Most murine isolates belonged to the lineage CC88 (54%). 67 

Murine strains showed features of host adaptation, such as absence of hlb-converting phages 68 

and superantigen genes, as well as enhanced coagulation of murine plasma. Importantly, S. 69 

aureus colonization induced a systemic IgG response specific for numerous S. aureus proteins, 70 

including several vaccine candidates.  71 

Conclusion: Laboratory mice are natural hosts of S. aureus and, therefore, provide better 72 

infection models than previously assumed. Pre-exposure to S. aureus is a possible confounder in 73 

S. aureus infection and vaccination studies.  74 

 75 

Key words (3-10): Staphylococcus aureus, colonization, mice, antibody response, host 76 

adaptation  77 
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Background 78 

Staphylococcus aureus is a dangerous opportunistic bacterial pathogen, a leading cause of 79 

hospital and community infections worldwide, and a prominent example of the antibiotic 80 

resistance crisis [1]. There is currently no vaccine available [2]. Thus, novel approaches for the 81 

prevention and treatment of infections are urgently required. Mice are the most common 82 

surrogate host to model S. aureus infection with the advantages of having a well-characterized 83 

immune system, many gene knock-out strains available, and being relatively easy and 84 

inexpensive to breed. However, whether mice are appropriate has often been questioned 85 

because there is broad consensus in the research community that mice are not natural hosts of 86 

S. aureus [3-6]. Moreover, experimental colonization of mice with S. aureus is usually transient, 87 

and high infection doses are routinely required [7].  88 

Reports on natural S. aureus colonization or infection of laboratory mice are scarce [8, 9]. We 89 

have reported an outbreak of S. aureus infections in mice bred in a university-associated animal 90 

facility [10-12]. Male mice suffered from preputial gland adenitis (PGA), which is the most 91 

common location for abscesses in mice [8]. The causative strain, JSNZ, belongs to CC88, a 92 

lineage rarely found among human and animal isolates [13-16].  93 

Adaptation to new hosts is a complex process, involving the loss and/or acquisition of mobile 94 

genetic elements (MGEs), such as phages, plasmids, and pathogenicity islands, as well as the 95 

accumulation of mutations in virulence genes resulting in host-specific allelic variants or loss of 96 

function [17, 18]. The most prominent example for host adaptation is hlb-integrating Sa3int 97 

phages. These encode the human-specific immune evasion gene cluster (IEC), which carries 98 

genes for staphylokinase (sak),  staphylococcal complement inhibitor (scn) and chemotaxis 99 
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inhibitory protein of S. aureus (CHIPS; chp) as well as staphylococcal enterotoxins A or P (sea, 100 

sep) [19, 20]. These phages are common in human isolates, but frequently lacking in animal-101 

adapted strains, including the mouse-adapted JSNZ [10, 20].  102 

Laboratory animal vendors generally produce mice to two different microbiological quality 103 

levels. Specific-pathogen-free (SPF) mice are free of infectious agents that are known to cause 104 

illness in mice, interfere with research, or are zoonotic [21]. Specific and opportunistic pathogen 105 

free (SOPF) mice are maintained free of additional microbial agents. S. aureus is considered an 106 

opportunistic pathogen in mice and not routinely excluded from SPF barrier rooms. Since most 107 

laboratories use SPF mice, natural S. aureus colonization of experimental mice might be more 108 

widespread than expected. Since previous exposure of mice to S. aureus may influence the 109 

results of experimental infection or vaccination, it is important to learn more about S. aureus 110 

colonization in laboratory mice. 111 

In this study, we analyzed the prevalence of S. aureus in SPF mice from all the main vendors, 112 

determined whether murine S. aureus isolates are adapted to their host, and investigated if 113 

naturally colonized mice are primed against S. aureus. 114 

 115 

Methods  116 

Health reports of laboratory mice: Reports were obtained from the official websites of Charles 117 

River (http://www.criver.com/products-services/basic-research/health-reports/), The Jackson 118 

Laboratories (https://www.jax.org/jax-mice-and-services/customer-support/customer-119 

service/animal-health/health-status-reports), Taconic (http://www.taconic.com/quality/health-120 

reports/), Janvier Labs (http://www.janvier-labs.com/rodent-research-models-121 
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services/research-models.html), Envigo (http://www.envigo.com/products-services/research-122 

models-services/resources/health-monitoring-reports/) in November 2016.  123 

Murine S. aureus strains: Charles River’s Research Animal Diagnostic Services (Wilmington, 124 

USA) provided 99 S. aureus isolates (CR strains) from laboratory mice they were sent by 125 

customers. In addition, five S. aureus strains and sera from colonized healthy C57BL/6 mice and 126 

five strains from C57BL/6 mice with preputial gland adenitis (PGA) were obtained from the 127 

Charles River breeding facilities at Kingston NY and Hollister CA, respectively. SPF mice and 128 

caretakers from an animal facility at the University of Greifswald, Germany, were screened for S. 129 

aureus colonization. 130 

Human S. aureus strains: Human S. aureus strains (n=107) were obtained from healthy blood 131 

donors [22, 23]. Human CC88 isolates were obtained from various clinical sources [10, 13] (Table 132 

S4).  133 

Ethics statement: Human plasma samples were obtained from healthy volunteers. All 134 

participants were adults and gave written informed consent. The study was approved by the 135 

ethics board of the Medical Faculty of the University of Greifswald (BB 014/14; 24.01.2014). 136 

Murine blood samples and nasopharyngeal swabs were obtained from C57BL/6 SPF and SOPF 137 

mice during routine health monitoring at Charles River facilities in Hollister CA, Kingston NY, and 138 

Wilmington MA, USA. The study was approved by the Charles River Institutional Animal Care 139 

and Use Committee (Protocol number P06172002 – Holding & Euthanasia of Animals for 140 

Diagnostic Testing and Health Monitoring). All animal work was performed following United 141 

States Public Health Service Policy on Humane Care and Use of Laboratory Animals and the US 142 

Animal Welfare Act. 143 
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S. aureus identification and genotyping: S. aureus was identified by colony morphology on 144 

mannitol salt agar (MSA) plates, S. aureus–specific latex agglutination test (Staph Xtra Latex kit, 145 

ProLexTM, Richmond Hill, ON, Canada) as well as gyrase and nuclease PCR (see below). Spa 146 

genotyping and multilocus sequence typing (MLST) were performed as described elsewhere [24, 147 

25].
 
  148 

Virulence gene detection: Multiplex PCRs were applied to detect 25 S. aureus virulence genes, 149 

including gyrase (gyr), methicillin resistance (mecA), Panton-Valentine leukocidin (pvl), 150 

staphylococcal superantigens (sea-selu, tst), exfoliative toxins (eta, etd) and agr group 1-4 [22, 151 

23]. S. aureus bacteriophage types (Sa1int – Sa7int) were detected by multiplex PCR as 152 

previously reported [22]. The Sa3int-phage-encoded IEC genes were detected by multiplex PCR 153 

using primers specific for sak, chp, scn, Sa3int, and gyrase (see Supplemental Material). 154 

Coagulation assay: 65 µl bacterial stationary cultures were mixed with 500 µl of human or 155 

murine heparinized plasma (Equitech-Bio, Kerrville, USA) and incubated at 37 °C without 156 

agitation. Coagulation was visually examined in a blinded fashion using a modified coagulation 157 

score [26]: no coagulation = 0; small coagulation flakes = 1; medium-sized clot = 2; large clot = 3; 158 

complete coagulation (tube can be inverted) = 4. 159 

Detection of anti-S. aureus serum antibodies: Murine serum IgG against extracellular S. aureus 160 

proteins was determined by indirect ELISA using protein A-deficient S. aureus (JSNZΔspa, 161 

PGA12Δspa). Serum IgG specific to 58 recombinant S. aureus proteins was quantified using 162 

FLEXMAP 3D™ technology [27]; normalized mean fluorescent intensities were calculated as 163 

measures of antibody binding intensity.  164 
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Statistics: Data analysis was performed using GraphPad Prism. Antibody titers in colonized, 165 

infected and SOPF mice were not normally distributed and therefore compared with the Mann-166 

Whitney-Test, using the Bonferroni correction for multiple testing.  167 

 168 

Results  169 

S. aureus frequently colonizes SPF mice. 170 

To investigate the prevalence of S. aureus in commercially available laboratory mice, we 171 

screened publicly available health reports from the major vendors (Charles River, The Jackson 172 

Laboratories (JAX), Taconic, Janvier labs, and Envigo). The highest cumulative rates were 173 

reported in SPF mice from the North American Charles River facilities (20.9%), followed by 174 

Taconic (9.7% and 8.5% in the US and Europe, respectively) (Table 1). In contrast, standard 175 

colonies from JAX were almost free of S. aureus (0.8%). Importantly, the European branches of 176 

Janvier, Charles River, and Envigo do not report the S. aureus status of SPF mice as this is not 177 

requested by the Federation of Laboratory Animal Science Associations (FELASA) [21]. At all 178 

vendors, SOPF barrier rooms, isolators, and areas housing immune-deficient mice are actively 179 

managed to exclude opportunistic pathogens and were S. aureus-free.  180 

As a standard procedure at all vendors, laboratory mice colonies in new barrier rooms are set up 181 

with S. aureus-free breeders. Therefore, S. aureus must be accidentally introduced into some 182 

colonies at a later stage. Retrospective data obtained from five SPF barriers of Charles River 183 

showed that it can take between 10 months and four years until an S. aureus-negative SPF 184 

barrier turns S. aureus-positive (Table S1).  185 

 186 
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S. aureus efficiently transmits from parents to offspring. 187 

To examine S. aureus transmission, we selected one S. aureus negative and three S. aureus 188 

positive C57BL/6 breeding pairs and determined gastrointestinal S. aureus colonization of the 189 

offspring at weaning as well as 4, 8, 12, and 16 weeks later. Notably, S. aureus was rapidly and 190 

very efficiently transmitted from parents to offspring. All young mice became colonized, most 191 

by weaning, and S. aureus then persisted in the gut of most mice throughout the period of study 192 

(Fig 1). Hence, early exposure to S. aureus leads to persistent colonization in laboratory mice. In 193 

contrast, the offspring of S. aureus-negative mice remained negative. This suggests that once 194 

introduced into a facility, S. aureus will be readily transmitted to the offspring of colonized 195 

breeding pairs but not necessarily between cages. 196 

 197 

CC88 is the dominant S. aureus lineage in laboratory mice. 198 

To determine whether laboratory mice are colonized with typical human isolates or mouse-199 

adapted strains such as JSNZ [10], we characterized a total of 99 S. aureus isolates from 200 

laboratory mice. Spa genotyping was employed to resolve the population structure and 201 

compare it to a well-characterized collection of 107 nasal isolates from healthy S. aureus carriers 202 

from Northern Germany [23]. More than half (54/99) of the murine strains belong to CC88 and 203 

were therefore closely related to JSNZ (Fig 2, Table 2). In contrast, we did not detect CC88 204 

among human colonizing strains. Common human lineages (CC5, 8, 12, 15, 25, and 30) 205 

accounted for only 37.4% (37/99) of the murine isolates (Fig 2). The livestock-associated 206 

lineages CC72 (n=1) and CC188 (n=6) were also detected among the murine isolates [20, 28]. 207 
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CC88 strains were already present in samples obtained in 2004, suggesting that this lineage is a 208 

long-standing companion of laboratory mice (Table 2). Moreover, CC88 strains were widely 209 

distributed as these strains were submitted by various customers (pharmaceutical industry, 210 

academia, and vendors) from the US, Canada and Japan. Apart from CC88, CC15 isolates were 211 

frequent in the sampling cohort, which also originated from various customers and several 212 

countries (US, Canada, Great Britain) (Table 2). The described S. aureus strain spectrum was also 213 

represented in the animal facility of University Medicine Greifswald (Table S3). None of the local 214 

animal caretakers carried an animal clone confirming that transmission between humans and 215 

mice is rare.  216 

 217 

S. aureus isolates from laboratory mice are adapted to their murine host.  218 

To investigate host adaptation, we screened the murine S. aureus isolates for bacteriophages, 219 

MGE-encoded superantigens (SAg), ampicillin resistance and pro-coagulatory activity. A 220 

collection of 107 nasal isolates from healthy S. aureus carriers (Table S2), supplemented by a 221 

total of 24 human CC88 strains from around the globe (Table S4), served as control [23].  222 

Firstly, we screened all murine strains for bacteriophages and the Sa3int phage-encoded 223 

human-specific IEC genes. The most prevalent phage families among human isolates, Sa2int and 224 

Sa3int phages, were rarely found in murine isolates (Sa2int: 33.6% vs 12.1%, p<0.001; Sa3int: 225 

79.4% vs 26.3%, p<0.001) (Tables 2 and S2). Unexpectedly, all murine and human CC15 isolates 226 

harbored chp and scn but lacked the Sa3int gene. These strains carry immobilized remnants of 227 

the Sa3int phage including the IEC genes scn and chp in the bacterial genome (S1 Fig). As MGEs 228 

are linked to S. aureus clonal lineages, we also stratified the prevalence Sa3int phages by CC 229 
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(Table 3). Again, only 12.9% of murine CC88 strains carried IEC-encoding Sa3int phages 230 

compared to 100% of the human CC88 isolates. 231 

Secondly, we investigated MGE-encoded SAg, because these toxins act on murine T cells with 232 

much lower potency than on the human counterparts [29]. MGE-encoded SAgs were detected 233 

in 59.5% of the human isolates but only in 13.1% of murine S. aureus strains (Table 3) [23]. Mice 234 

were typically colonized either with SAg-negative lineages (CC15, CC101) or with SAg-negative 235 

variants of lineages harbouring MGE-encoded SAg genes in human isolates (CC88, CC8). For 236 

example, 11/24 human CC88 strains were SAg-positive, whereas all 54 murine CC88 isolates 237 

were SAg-negative (Tables 2, 3, and S2). 238 

Thirdly, we screened isolates for ampicillin resistance, a common feature of human S. aureus 239 

strains [13]. Of note, only 22.2% of murine strains were resistant to ampicillin compared to 240 

66.4% of the human isolates (Table 3). All murine isolates were mecA-negative. 241 

Finally, we investigated whether murine CC88 S. aureus strains are superior to human CC88 242 

strains in coagulating murine plasma. In general, murine plasma coagulated more slowly than 243 

human plasma. During the first 4 hours, however, coagulation of murine plasma was more 244 

advanced after incubation with murine than with human CC88 isolates (Fig 3). This suggests that 245 

murine CC88 S. aureus isolates have evolved means to specifically modulate the murine 246 

coagulation system.  247 

 248 

Colonized laboratory mice mount a systemic immune response to S. aureus.  249 

We have previously reported that symptom-free human S. aureus carriers raise a strong serum 250 

IgG response against their colonizing strain [30]. To test whether this happens in laboratory 251 
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mice, we compared antibody profiles of S. aureus-free mice with those of symptom-free 252 

colonized mice and mice with spontaneous PGA. Animals were derived from two Charles River 253 

breeding facilities, Kingston and Hollister, and naturally colonized or infected with strains of the 254 

CC88 or CC1 lineage, respectively (Table S5). Importantly, colonized mice showed a significant 255 

systemic IgG response against extracellular staphylococcal proteins, whereas SOPF mice were 256 

immunologically naïve (Fig S2). 257 

To characterize the induced antibody response in more detail, we quantified serum IgG binding 258 

to a panel of 58 recombinant S. aureus proteins. A 2-fold rise in antibody titers in exposed vs. 259 

SOPF mice was considered as biologically relevant. A total of seven S. aureus proteins were 260 

recognized by all S. aureus-exposed mice: Plc, Atl, HlgB, HlgC, Hlb, SplD, and PknB (Fig 4, Table 261 

S6). Moreover, colonized mice were primed against vaccine candidates from previous or 262 

ongoing human clinical trials (ClfB, Cna, Hla, IsdB, SdrE, and SdrG) [2]. Notably, colonized mice 263 

from both facilities showed more than 100-fold higher Plc-specific antibody titers than SOPF 264 

mice, which makes Plc a suitable candidate for a serological screening assay for S. aureus 265 

exposure (S2 Fig). 266 

Antibody titers against numerous antigens were higher in infected mice from Hollister (CC1) 267 

than in their counterparts from Kingston (CC88) (Fig 4, Table S6). Since all tested antigens are 268 

encoded in the CC88 genome (unpublished data), the more pronounced immune response 269 

might be due to differences in the in vivo behavior of CC1 and CC88 isolates. 270 

 271 

Discussion  272 
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Many S. aureus researchers doubt that mice are a suitable infection model for S. aureus 273 

research because mice are not considered to be natural hosts of these bacteria [3-6]. In this 274 

study, we report that SPF laboratory mice from all the main vendors are colonized with S. 275 

aureus at varying rates. This is not surprising because S. aureus is considered an opportunistic 276 

pathogen in mice and not routinely excluded from SPF barrier rooms. Of note, vendors respond 277 

very differently to the presence of opportunistic agents. Some vendors tolerate these organisms 278 

in SPF colonies, whereas other vendors test and cull mice to stop their spread. In Europe, 279 

FELASA recommendations do not require vendors to publish S. aureus test results from SPF mice 280 

[21]. Instead, European researchers must approach each company for information about the S. 281 

aureus colonization status of their mouse strain of interest. Alternatively, SOPF animals from all 282 

vendors are by definition S. aureus-free. 283 

We demonstrated that S. aureus is readily transmitted from parents to offspring, who become 284 

persistently colonized. Retrospective data on S. aureus prevalence in SPF barriers at Charles 285 

River showed that mouse colonies are not able to clear S. aureus once it has been introduced 286 

into a colony. These findings imply that S. aureus is maintained by efficient vertical transmission, 287 

and that early exposure may be decisive for long-term colonization possibly due to early 288 

occupation of niches in the gut and nose. In contrast, human to mouse transmission or 289 

acquisition from the environment appears to be much less frequent.  In this study, the S. aureus 290 

strains predominating in animal facilities (CC88 lineage) are rarely found in the human 291 

population. Moreover, we observed no concordance of murine and human S. aureus isolates at 292 

a local university-associated animal facility. This contrasts studies from the 1970s and 80s, 293 

which reported similar phage patterns between isolates from caretakers and infected mice [11, 294 
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12]. This suggests that nowadays a host jump is efficiently limited by using protected cage 295 

changing stations and isolation housing, performing regular microbiological screenings and 296 

adhering to strict hygiene practices [8]. 297 

The predominant lineage among the murine isolates was CC88, which is known for causing an 298 

outbreak of PGA at an animal facility at Auckland University [10]. Remarkably, CC88 strains (1) 299 

have been persisting in the Charles River facilities for at least a decade, (2) were efficiently 300 

transmitted from murine parents to offspring, and (3) were detected in animal facilities around 301 

the globe (e.g. New Zealand, US and Germany). This strongly suggests that laboratory mice are a 302 

major reservoir for this CC88 sub-lineage. To our best knowledge, CC88 strains have never been 303 

detected in animals. However, outbreaks of CC88 CA-MRSA infections in humans have been 304 

reported from Asia and Africa [14, 15]. Hence, the murine CC88 population might be the result 305 

of a human-to-mouse host jump, followed by genetic adaptation to the murine host. 306 

Our comparisons of human and murine S. aureus strains suggest that adaptation to the murine 307 

host could involve the loss of Sa3int phages, SAg-encoding MGEs and antibiotic resistance 308 

genes. Sa3int phages encode immune evasion factors but also destroy the hlb gene upon 309 

integration into the bacterial chromosome (Fig S1). In the murine system, the IEC-encoded 310 

factors show no or negligible activity [29, 31-33], whereas the sphingomyelinase Hlb mediates 311 

hemolysis of ruminant erythrocytes and is an important virulence factor in mouse infection 312 

models [34]. Thus, in the murine host, the disadvantage due to loss of Hlb clearly outweighs the 313 

benefits conferred by the IEC-encoded factors.  The absence of Sa3int phages, which is 314 

accompanied by ß-hemolysis, is indeed a common feature of animal-adapted strains [20, 35]. 315 
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Penicillin resistance, mediated by the production of the blaZ-encoded ß-lactamase, was rare 316 

among murine isolates. Maybe the host jump occurred before the spread of ampicillin 317 

resistance in the human S. aureus population in the 1950s [36]. Alternatively, the ß-lactamase-318 

encoding plasmids or transposons might have been lost following the host jump [37]. 319 

Commercial vendors do not use antibiotics in barriers, thereby removing the selective pressure 320 

for maintaining the resistance gene.  321 

The ability to coagulate plasma is an essential virulence trait of S. aureus, and some pro- or anti-322 

coagulatory factors are host-specific [38]. This makes it a strong and easily addressable indicator 323 

of host-adaptation. Here, we show that murine CC88 isolates coagulate murine plasma faster 324 

than matched human CC88 isolates. In line with our data, Viana et al. reported that ruminant 325 

strains, but not human isolates, had the capacity to stimulate clotting of ruminant plasma [38]. 326 

In some ruminant strains, this effect is based on an MGE-encoded paralogue of the van 327 

Willebrand factor binding protein. Whether the enhanced coagulation of murine plasma is 328 

mediated by a similar mechanism or rather by the acquisition of MGEs with novel pro-329 

coagulatory factors will be addressed by whole genome sequencing of the isolates.  330 

The frequent colonization of laboratory mice with S. aureus is of concern because it could 331 

significantly affect S. aureus infection and vaccination studies. Here, we show that colonized SPF 332 

mice mount a systemic antibody response against a panel of S. aureus proteins, including 333 

numerous vaccine candidates from past or current clinical trials [2]. In contrast, commensal gut 334 

bacteria usually do not elicit a systemic IgG response but a local IgA response. This suggests that 335 

S. aureus is more aggressive than gut commensals and probably induces minor subclinical S. 336 
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aureus infection in mice which then trigger a systemic immune response as has been suggested 337 

for humans [39]. 338 

Importantly, immune priming of laboratory mice before experimental infection or vaccination 339 

may strongly influence the outcome [27, 39]. Our data suggests that unrecognized S. aureus 340 

colonization of mice may be a significant confounder in experimental infection and vaccination 341 

studies, especially if prior exposure to S. aureus is variable. We strongly encourage researchers 342 

to ensure that they work with either S. aureus-free or consistently primed mice. 343 

Since S. aureus screening results from commercial vendors are not available for SPF animals 344 

from European facilities, a microbiological or serological screening assay will be of advantage. 345 

Nose homogenates or stool samples are suitable for microbiological screenings, but the 346 

available selective media are error prone. In contrast, Plc, for which we observed a more than 347 

100-fold increase in antibody titers in S. aureus-exposed mice, could be a robust and sensitive 348 

marker for a serological screening assay for S. aureus exposure. 349 

Robust and clinically relevant infection models are mandatory for the development of new 350 

strategies to prevent or treat S. aureus infection. Our data shows that laboratory mice are 351 

better models for colonization and infection studies than previously assumed. Just like humans, 352 

laboratory mice are persistently colonized with S. aureus, mount a systemic immune response 353 

to colonization, and frequently suffer from abscess formation. Moreover, the use of mouse-354 

adapted S. aureus strains in their natural host – the mouse - promises to provide a more 355 

physiological model for studying S. aureus host interaction and testing novel therapeutics.  Such 356 

strains can show better fitness and virulence in mouse colonization and infection models, 357 
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respectively [10]. However, one has to keep in mind that mice and mouse-adapted strains are 358 

not suited to study the effect of human-specific virulence factors, such as PVL and SAgs [40].  359 
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Figure 1: S. aureus is efficiently transmitted from murine parents to their offspring. S. aureus 380 

isolates were obtained from individual stool samples of breeders and their offspring at weaning 381 

(20-23 days after birth) as well as 4, 8, 12 and 16 weeks later. Clonal relationship of the S. 382 

aureus isolates was determined by spa typing. Grey spa types were derived from a pooled stool 383 

sample from either parental mice or offspring. Spa types t2133 and t6050 are closely related 384 

(both CC88). Spa type t127 belongs to CC1. Key: –, S. aureus negative; ND, not determined. 385 

Figure 2: CC88 is common among murine but not human S. aureus strains. Spa genotyping was 386 

employed to resolve the population structure of murine S. aureus isolates and compare it to a 387 

collection of 107 human S. aureus isolates. Spa types were clustered into MLST-derived clonal 388 

complexes. MLST-CC clustering of the human nasal S. aureus isolates (n=107), which has been 389 

previously published [23], was refined based on the current SpaServer database. While CC88 390 

was the dominant murine lineage, it was absent from the studied human collection. 391 

Figure 3: Murine CC88 isolates coagulate murine plasma faster than human CC88 isolates. 392 

Murine (n=19) and human (n=17) CC88 isolates were compared in their ability to coagulate 393 

murine (A) or human (B) plasma. 500 µl plasma were inoculated with 2.5x10
9
 CFU S. aureus and 394 

coagulation was visually assessed after 2h, 4h and 24h. At least three technical replicates were 395 

performed for each sample, and the average values are depicted as box plots. Boxes indicate 396 

the median as well as the 25-75 percentiles; whiskers illustrate the 10-90 percentiles. Statistics: 397 

Mann Whitney U test. Key: muCC88, murine CC88 strains; huCC88, human CC88 strains. 398 

Figure 4: S. aureus-exposed laboratory mice mount a serum IgG response against a range of S. 399 

aureus proteins, including vaccine candidates. A) Antigen-specific murine serum IgG was 400 
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measured using FlexMap® technology. We measured the strain-specific antibody response 401 

against 58 recombinant S. aureus antigens in colonized symptom-free mice as well as in mice 402 

with spontaneous infections (PGA) from Charles River breeding facilities at Kingston and 403 

Hollister. SOPF mice served as negative controls. Group size was n = 5. Mice from Kingston were 404 

exposed to a CC88 isolate, while mice from Hollister were exposed to a CC1 isolate. Fold-405 

changes of exposed mice as compared to the SOPF controls are depicted. Values below 2.0 are 406 

displayed in white. B) Dot plot of the phospholipase C-specific serum IgG response as 407 

determined FlexMap® technology. MFI values for three SOPF sera were below the limit of 408 

detection (<1.47) and are thus not displayed on the graph. Key: Col, colonization; PGA, preputial 409 

gland adenitis; K, Kingston (mice were exposed to CC88 isolates); H, Hollister (mice were 410 

exposed to CC1 isolates); MFI = Mean fluorescence intensity.  411 
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Supporting information 412 

Text S1. Full-length Materials and Methods. 413 

S1 Fig. CC15 strains carry remnants of the hlb-integrating Sa3int phage. A) Schematic 414 

illustration of the site-specific integration of phages of the Sa3int family. Side-specific 415 

integration is mediated by attp sites (orange) which are homologous to sequences within the 416 

hlb gene (brown). Integration of Sa3int phages leads to insertion of the phage genome including 417 

the immune evasion gene cluster (IEC; green) into the bacterial chromosome and to a disruption 418 

of the hlb gene. In contrast, S. aureus strains lacking Sa3int phages have an intact hlb gene. B) 419 

Comparison of whole genome sequences of Newman (CC8), VCU006 and CIG93 (both CC15). 420 

CC15 strains carry immobilized remnants of the phage including the IEC genes scn and chp 421 

(green). Since 35.8kb of the phage genome, including the 3’ attp side (orange) and integrase 422 

(red) are deleted, these phage remnants cannot be mobilized any more. 423 

S2 Fig. S. aureus-exposed laboratory mice mount a serum IgG response against extracellular S. 424 

aureus proteins. We measured the strain-specific antibody response in colonized symptom-free 425 

mice as well as in mice with spontaneous infections (PGA) from Charles River breeding facilities 426 

at Kingston and Hollister. SOPF mice served as negative controls. Group size was n = 5. Mice 427 

from Kingston were exposed to a CC88 isolate closely related to JSNZ, while mice from Hollister 428 

were exposed to a CC1 isolate. A, B) Serum IgG binding to extracellular proteins of S. aureus 429 

JSNZDspa (A) or the CC1 isolate PGA12Dspa (B) was determined by ELISA. One out of two very 430 

similar experiments is depicted. Graphs show the median for each group. Groups were 431 

compared using the Mann-Whitney test with a Bonferroni correction. C) Dot plot of the 432 
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phospholipase C-specific serum IgG response as determined FlexMap® technology. MFI values 433 

for three SOPF sera were below the limit of detection (<1.47) and are thus not displayed on the 434 

graph. Key: SOPF, specific opportunistic pathogen free; Col, colonization; PGA, preputial gland 435 

adenitis. 436 

S1 Table. Percentage of S. aureus-positive mice and barriers in different breeding facilities, 437 

sorted by vendor and barrier status (cumulative data extracted from publicly available health 438 

reports in November 2016).  439 

1
Standard barrier production colonies (SPF) are designated by the various providers as 440 

follows: specific-pathogen-free (Charles River Europe, Janvier), VAF® (virus/antibody free; 441 

Charles River, North America), Standard (Jackson, so-called Production, Repository and 442 

Breeding Services facilities), Low barrier (Jackson, so-called Research animal facility (RAF)), 443 

Murine Pathogen Free (Taconic), and barrier (Envigo). Specific and opportunistic pathogen 444 

free (SOPF) colonies are designated as follows: SOPF (Charles River Europe, Janvier), Elite® 445 

(Charles River, North America), intermediate barrier and high barrier (Jackson), Excluded 446 

Flora/Restricted Flora (Taconic), and Isolator (Envigo). Each vendor has specific definitions of 447 

its barriers. For details refer to the vendor's webside.  448 

2
Cumulative data comprising the last 18 months (Charles River, Janvier, and Envigo), 12 449 

months (The Jackson laboratories) or 6 months (Taconic). Envigo reported the number of 450 

positive isolators (not barriers). 451 

3
S. aureus not reported based on FELASA recommendations (2002 and 2014) 452 

4
According to the company, a test and cull effort was initiated to eliminate S. aureus from this 453 

barrier. This investigation has been completed, and no additional positives have been found. 454 
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S2 Table. Genotype, virulence genes, phage patterns and ampicillin resistance of S. aureus 455 

isolates from laboratory mice.  456 

1 
Animal facilities were defined as university (U), vendors (V) and pharmaceutical industry 457 

(P). 458 

2 

spa types were clustered by BURP analysis into CCs and corresponding MLST CCs were 459 

deduced using the Ridom database. 460 

3
 MLST typing results: ST15. 461 

4 
MLST typing results: ST88. 462 

Key: Nude sent., Nude sentinels; Swiss Web., Swiss Webster; col = colonization 463 

(nasopharyngeal sample); PGA = preputial gland adenitis (pus sample); agr = accessory 464 

gene regulator; Staphylococcal enterotoxins (SEs) are indicated by single letters (a = sea, 465 

etc.). tst = toxic shock syndrome toxin 1 gene; egc = superantigen genes of the enterotoxin 466 

gene cluster, i.e. seg, sei, sem, sen, seo, and seu; eta/etd = exfoliative toxins a and d;  luk-467 

PV = Panton-Valentine leukocidine gene; Sa1int = S. aureus integrase type 1; sak = 468 

Staphylokinase gene, chp = gene encoding the chemotaxis inhibitory protein; scn = 469 

staphylococcal complement inhibitor gene; AmpR = ampicillin resistance 470 

S3 Table. Genotype, virulence genes and phage patterns of colonizing S. aureus isolates from 471 

randomly sampled mice and their animal care takers at a university breeding facility. 472 

S4 Table. Genotype, virulence genes, phage patterns and ampicillin resistance of colonizing S. 473 

aureus isolates from healthy blood donors. 474 

S5 Table. Genotype, virulence genes, phage patterns and ampicillin resistance of human CC88 475 

S. aureus isolates. 476 
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S6 Table. Binding of murine IgG serum antibodies to recombinant S. aureus proteins using the 477 

FlexMAP system.  478 
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Table 1: Percentage of S. aureus-positive mice and barriers in different breeding facilities, sorted by 575 

vendor and barrier status (cumulative data extracted from publically available health reports in 576 

November 2016).  577 

Vendor Barrier status1 % S. aureus positive 
mice (absolute No.)2 

% S. aureus positive 
barriers (absolute No.)2 

Charles River, Europe SPF ND3   ND3   

  SOPF 0.0% (0/6766) 0.0% (0/22) 

  Immunodeficient 0.0% (0/51) 0.0% (0/2) 

Charles River, US and CAN VAF 20.9% (360/1724) 65.2% (15/23) 

  SOPF (ELITE) 0.0% (0/2524) 0.0% (0/7) 

  Immunodeficient 0.0% (0/11565) 0.0% (0/5) 

The Jackson laboratory, US Standard 0.8% (15/1828) 9.0% (1/11) 

  High 0.0% (0/1094) 0.0% (0/6) 

  Maximum 1.0% (160/16140)4 13.8% (4/29) 

  Low barrier (RAF) 0% (0/894) 0.0% (0/21) 

  Intermediate barrier (RAF) 0% (0/321) 0.0% (0/7) 

  Elevated barrier (RAF) 0% (0/60) 0.0% (0/1) 

Taconic, Europe Murine Pathogen Free™ 8.5% (42/494) 25.0% (2/8) 

  Excluded Flora and Restricted Flora™ 0.0% (0/1648) 0.0% (0/7) 

Taconic, US Murine Pathogen Free™  9.7% (260/2686) 38.5% (10/26) 

  Excluded Flora and Restricted Flora™ 1.9% (29/1537) 5.9% (1/17) 

  Defined Flora 0.0% (0/110) 0.0% (0/4) 

  Germ free 0.0% (0/71) 0.0% (0/2) 

Janvier, Europe SPF ND3   ND3   

  SOPF 0.0% (0/303) 0.0% (0/6) 

Envigo (formerly Harlan),  Barrier ND3   ND3   

Europe Isolator, immunocompetent mice 0.0% (0/610) 0.0% (0/13) 

  Isolator, immunodeficient mice 0.0% (0/2128) 0.0% (0/56) 

Envigo (formerly Harlan), 
US 

Barrier 6.0% (46/761) 87.5% (7/8) 

  Isolator, immunocompetent mice 0.0% (0/85) 0.0% (0/3) 

  
Isolator, immunodeficient mice 0.0% (0/2189) 0.0% (0/17) 

1Standard barrier production colonies (SPF) are designated by the various providers as follows: 578 

specific-pathogen-free (Charles River Europe, Janvier), VAF® (virus/antibody free; Charles River, 579 

North America), Standard (Jackson, so-called Production, Repository and Breeding Services 580 

facilities), Low barrier (Jackson, so-called Research animal facility (RAF)), Murine Pathogen Free 581 

(Taconic), and barrier (Envigo). Specific and opportunistic pathogen free (SOPF) colonies are 582 
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designated as follows: SOPF (Charles River Europe, Janvier), Elite® (Charles River, North 583 

America), intermediate barrier and high barrier (Jackson), Excluded Flora/Restricted Flora 584 

(Taconic), and Isolator (Envigo). Each vendor has specific definitions of its barriers. For details 585 

refer to the vendor's webside.    586 

2Cumulative data comprising the last 18 months (Charles River, Janvier, and Envigo), 12 months 587 

(The Jackson laboratories) or 6 months (Taconic). Envigo reported the number of positive isolators 588 

(not barriers).      589 

3S. aureus not reported based on FELASA recommendations (2002 and 2014) 590 

4According to the company, a test and cull effort was initiated to eliminate S. aureus from this 591 

barrier. This investigation has been completed, and no additional positives have been found. 592 

  593 
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Table 2: Genotype, virulence genes, phage patterns and ampicillin resistance of S. aureus isolates 594 

from laboratory mice. 595 
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CR072 2011 Nude sent. P other USA t11283 CC5 - g i m n o 2 - - - - - - - - - - - - - - - - + 

CR053 2011 outbred U col USA t6365 CC5 p g i m n o 2 - - - - - - + - - - - - + + - + - 

CR059 2011 outbred U col USA t6365 CC5 - g i m n o 2 - - - - - - - - - - - - - - - - - 

CR062 2011 outbred U col USA t6365 CC5 - g i m n o 2 - - - - - - - - - - - - - - - - - 

CR066 2011 outbred U col USA t6365 CC5 p g i m n o 2 - - - - - - + - - - - - + + - + - 

CR069 2011 outbred U col USA t6365 CC5 - g i m n o 2 - - - - - - - - - - - - - - - - - 

CR075 2011 outbred U col USA t6365 CC5 p g i m n o 2 - - - - - - + - - - - - + + - + - 

CR091 2011 outbred U col USA t6365 CC5 p g i m n o 2 - - - - - - + - - - - - + + - + - 

CR096 2011 CD1 V col USA t6365 CC5 p g i m n o 2 - - - - - - + - - - - - + + - + - 

CR098 2011 CD1 U col USA t6365 CC5 - g i m n o 2 - - - - - - - - - - - - - - - - - 

CR040 2011 BALB/c V col Japan t1767 CC8 - - 1 - - - - - - - - - - - - - - - - - 

CR014 2011 CD1 V col USA t701 CC8 - - 1 - - - - - - + - - - - - - + - + + 

CR015 2011 CD1 V col USA t701 CC8 - - 1 - - - - - - + - - - - - - + - + + 

CR063 2011 CD1 U col USA t701 CC8 - - 1 - - - - - - + - - - - - - + - + - 

CR180 2012 C57BL/6 V col USA neg CC153 - - 2 - - - - - + - - - - - - - - + + + 

CR025 2011 Swiss Web. V col USA t084 CC15 - - 2 - - - - - - - - - - - - - - + + + 

CR035 2011 Nude sent. P col USA t084 CC15 - - 2 - - - - - - - - - - - - - - + + + 

CR085 2011 Nude sent. P col USA t084 CC15 - - 2 - - - - + - - - - - - - - - + + + 

CR171 2012 C57BL/6 V col USA t084 CC15 - - 2 - - - - - - - - - - - - - - + + + 

CR172 2012 C57BL/6 V other USA t084 CC15 - - 2 - - - - - + - - - - - - - - + + - 

CR173 2012 Swiss Web. V col USA t084 CC15 - - 2 - - - - + - - - - - - - - - + + + 

CR184 2012 C57BL/6 V other USA t084 CC15 - - 2 - - - - - + - - - - - - - - + + - 

CR102 2011 BALB/c U col Canada t094 CC15 - - 2 - - - - + - - - - - - - - - + + + 

CR046 2011 BALB/c U col GB t11287 CC15 - - 2 - - - - + - - - - - - - - - + + - 
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CR057 2011 outbred U col Canada t11287 CC15 - - 2 - - - - + - - - - - - - - - + + - 

CR011 2011 Nude sent. U col USA t1877 CC15 - - 2 - - - - - + - - - - - - - - + + - 

CR179 2012 C57BL/6 V col USA t1877 CC15 - - 2 - - - - - + - - - - - - - - + + - 

CR185 2012 C57BL/6 V col USA t368 CC15 - - 2 - - - - - + - - - - - - - - + + + 

CR174 2012 C57BL/6 V col USA t491 CC15 - - 2 - - - - - + - - - - - - - - + + + 

CR175 2012 C57BL/6 V col USA t491 CC15 - - 2 - - - - - - - - - - - - - - + + - 

CR170 2012 other V col USA t6907 CC15 - - 2 - - - - - - - - - - - - - - + + - 

CR167 2012 C57BL/6 V col USA t774 CC15 - - 2 - - - - - + - - - - - - - - + + + 

CR026 2011 BALB/c V col USA t081 CC25 - g i m n o 1 - + - - - - - - - - - - - - - - - 

CR084 2011 Outbred P col USA t081 CC25 - g i m n o 1 - + - - - - - - - - - - - - - - - 

CR045 2011 Nude sent. P col USA t018 CC30 a tst g i m n o u 3 - - - - - + + - + - - + - - + + + 

CR064 2011 Outbred P col USA t018 CC30 a tst g i m n o u 3 - - - - - + + - + - - + - + + + + 

CR074 2011 Outbred U col USA t018 CC30 a tst g i m n o u 3 - - - - - + + - + - - + - - + + + 

CR019 2011 other V col USA t3092 CC72 c l g i m n o 1 - - - - - - + - - - - - - + + + + 

CR052 2011 Outbred U col USA t11285 CC88 - - 3 - - - - - - - - - - - - - - - - - 

CR103 2011 Outbred U col USA t11285 CC88 - - 3 - - - - - - - - - - - - - - - - - 

CR134 2004 C57BL/6 P col USA t12341 CC88 - - 3 - - - - + - - - - - - - - - - - - 

CR138 2004 C57BL/6 P col USA t12341 CC88 - - 3 - - - - + - - - - - - - - - - - - 

CR154 2004 C57BL/6 P col USA t12341 CC88 - - 3 - - - - + - - - - - - - - - - - - 

CR018 2011 Outbred U col USA t186 CC88 - - 3 - - - - - - - - - - - - - - - - - 

CR034 2011 Outbred U col USA t186 CC88 - - 3 - - - - - - - - - - + - - - - - - 

CR039 2011 Outbred U col USA t186 CC88 - - 3 - - - - - - - - - - + - - - - - - 

CR047 2011 Outbred U col USA t186 CC88 - - 3 - - - - - - - - - - + - - - - - - 

CR049 2011 Outbred P col USA t186 CC88 - - 3 - - - - - - + - - - - - - + - + - 

CR051 2011 Outbred P col USA t186 CC88 - - 3 - - - - - - + - - - - - - + - + - 

CR055 2011 Outbred U col USA t186 CC884 - - 3 - - - - - - - - - - + - - - - - - 

CR061 2011 Outbred P col USA t186 CC88 - - 3 - - - - - - + - - - - - - + - + - 

CR065 2011 Nude sent. P col USA t186 CC88 - - 3 - - - - + - - - - - - - - - - - - 

CR077 2011 Swiss Web. P col USA t186 CC88 - - 3 - - - - - - + - - - - - - + - + - 
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CR079 2011 Outbred P col USA t186 CC88 - - 3 - - - - - - + - - - - - - + - + - 

CR092 2011 Outbred U col USA t186 CC88 - - 3 - - - - - - - - - - - - - - - - - 

CR100 2011 Outbred P col Japan t186 CC88 - - 3 - - - - - - + - - - - - - + - + - 

CR101 2011 other V col USA t186 CC88 - - 3 - - - - + - - - - - - - - - - - - 

CR117 2004 C57BL/6 V PGA USA t186 CC88 - - 3 - - - - - - - - - - - - - - - - - 

CR118 2004 C57BL/6 V col USA t186 CC88 - - 3 - - - - - - - - - - - - - - - - - 

CR119 2004 C57BL/6 V col USA t186 CC88 - - 3 - - - - - - - - - - - - - - - - - 

CR120 2004 C57BL/6 V col USA t186 CC88 - - 3 - - - - - - - - - - - - - - - - - 

CR127 2004 C57BL/6 V PGA Canada t186 CC88 - - 3 - - - - - - - - - + - - - - - - - 

CR130 2004 C57BL/6 V PGA USA t186 CC88 - - 3 - - - - + - - - - - - - - - - - - 

CR133 2004 C57BL/6 V col Canada t186 CC88 - - 3 - - - - - - - - - + - - - - - - - 

CR139 2004 C57BL/6 V PGA USA t186 CC88 - - 3 - - - - - - - - - - - - - - - - - 

CR153 2004 other P PGA USA t186 CC88 - - 3 - - - - - - - - - - - - - - - - - 

CR155 2004 C57BL/6 P PGA USA t186 CC88 - - 3 - - - - - - - - - - - - - - - - - 

CR158 2004 C57BL/6 V col USA t186 CC88 - - 3 - - - - - - - - - + - - - - - - - 

CR169 2012 Swiss Web. P col USA t186 CC88 - - 3 - - - - - + - - - - - - - - - - - 

CR058 2011 other U col USA t2085 CC884 - - 3 - - - - - - - - - - - - - - - - - 

CR081 2011 CD1 P col USA t2253 CC88 - - 3 - - - - - - - - - - - - - - - - - 

CR036 2011 Outbred U col USA t2649 CC88 - - 3 - - - - - - - - - - + - - - - - - 

CR121 2004 C57BL/6 V col USA t2815 CC88 - - 3 - - - - - - - - - - - - - - - - - 

CR122 2004 C57BL/6 V col USA t2815 CC88 - - 3 - - - - - - - - - - - - - - - - - 

CR140 2004 C57BL/6 V PGA USA t2815 CC88 - - 3 - - - - - - - - - - - - - - - - - 

CR159 2004 C57BL/6 V col USA t2815 CC88 - - 3 - - - - - - - - - - - - - - - - - 

CR050 2011 Outbred P col USA t325 CC88 - - 3 - - - - - - + - - - - - - + - + - 

CR013 2011 Outbred U col USA t448 CC88 - - 3 - - - - - - - - - - - - - - - - - 

CR094 2011 Outbred U col USA t448 CC88 - - 3 - - - - - - - - - - - - - - - - - 

CR097 2011 Outbred U col USA t448 CC88 - - 3 - - - - - - - - - - - - - - - - - 

CR030 2011 Outbred U col USA t5562 CC88 - - 3 - - - - - - - - - - - - - - - - - 

CR087 2011 Outbred P col USA t690 CC88 - - 3 - - - - - - - - - - - - - - - - - 
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CR093 2011 Outbred P col USA t690 CC88 - - 3 - - - - - - - - - - - - - - - - - 

CR143 2004 C57BL/6 V PGA Canada t690 CC88 - - 3 - - - - - - - - - + - - - - - - - 

CR007 2011 Outbred P col USA t7558 CC88 - - 3 - - - - - - - - - - - - - - - - - 

CR009 2011 other V col USA t786 CC88 - - 3 - - - - - - - - - - - - - - - - - 

CR022 2011 Outbred U col USA t786 CC88 - - 3 - - - - - - - - - - - - - - - - - 

CR106 2011 Nude sent. P col USA t786 CC88 - - 3 - - - - - - - - - - - - - - - - - 

CR123 2004 C57BL/6 V col USA t786 CC88 - - 3 - - - - + - - - - - - - - - - - - 

CR129 2004 C57BL/6 V col USA t786 CC88 - - 3 - - - - + - - - - - - - - - - - - 

CR141 2004 C57BL/6 V PGA USA t786 CC88 - - 3 - - - - + - - - - - - - - - - - - 

CR145 2004 C57BL/6 V PGA USA t786 CC88 - - 3 - - - - - - - - - - - - - - - - - 

CR006 2011 BALB/c P col USA t056 CC101 - - 1 - - - - - - + - - - - - - + - + - 

CR044 2011 Outbred P col USA t189 CC188 - - 1 - - - - - - + - - - - - - + - + + 

CR125 2004 C57BL/6 V col Canada t189 CC188 p - 1 - - - - - - + - - - - - + + - + + 

CR132 2004 C57BL/6 V PGA USA t189 CC188 p - 1 - - - - - - + - - - - - + + - + - 

CR144 2004 C57BL/6 V col USA t189 CC188 - - 1 - - - - - - + - - - - - - + - + + 

CR147 2004 C57BL/6 V PGA Canada t189 CC188 p - 1 - - - - - - + - - - - - + + - + + 

CR148 2004 C57BL/6 V PGA USA t189 CC188 p - 1 - - - - - - + - - - - - + + - + + 
1 Animal facilities were defined as university (U), vendors (V) and pharmaceutical industry (P). 596 

2 spa types were clustered by BURP analysis into CCs and corresponding MLST CCs were deduced 597 

using the Ridom database. 598 

3 MLST typing results: ST15. 599 

4 MLST typing results: ST88. 600 

Key: Nude sent., Nude sentinels; Swiss Web., Swiss Webster; col = colonization (nasopharyngeal 601 

sample); PGA = preputial gland adenitis (pus sample); agr = accessory gene regulator; 602 

Staphylococcal enterotoxins (SEs) are indicated by single letters (a = sea, etc.). tst = toxic shock 603 

syndrome toxin 1 gene; egc = superantigen genes of the enterotoxin gene cluster, i.e. seg, sei, sem, 604 

sen, seo, and seu; eta/etd = exfoliative toxins a and d;  luk-PV = Panton-Valentine leukocidine gene; 605 
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Sa1int = S. aureus integrase type 1; sak = Staphylokinase gene, chp = gene encoding the chemotaxis 606 

inhibitory protein; scn = staphylococcal complement inhibitor gene; AmpR = ampicillin resistance 607 

  608 
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Table 3: Prevalence of IEC-encoding Sa3int phages, MGE-encoded superantigen genes and 609 

ampicillin resistance in murine and human isolates.   610 

    

% positive murine  
S. aureus isolates 

(absolute No.) 

% positive human  
S. aureus isolates 

(absolute No.) p value 

IEC-encoding Sa3int  CC5 50.0% (5/10) 85.7%  (6/7) n.s. 

phages CC8 75.0% (3/4) 81.8%  (9/11) n.s. 

  CC151 0.0% (0/18) 0.0% (0/9) n.s. 

  CC88 12.9% (7/54) 100.0%  (24/24) p<0.001 

  all strains 26.3% (26/99) 79.4% (104/131) p<0.001 

MGE-encoded SAg genes CC5 50.0% (5/10) 57.1%  (4/7) n.s. 

  CC8 0.0% (0/4) 100.0% (11/11) p<0.001 

  CC15 0.0% (0/18) 0.0% (0/9) n.s. 

  CC88 0.0% (0/54) 45.8%  (11/24) p<0.001 

  all strains 13.1% (13/99) 59.5%  (78/131) p<0.001 

Ampicillin resistance CC5 10.0% (1/10) 85.7%  (6/7) p<0.01 

  CC8 50.0% (2/4) 81.8%  (9/11) p<0.05 

  CC15 55.6% (10/18) 77.8% (7/9) n.s. 

  CC88 0.0% (0/54) 54.0% (16/24) p<0.001 

  all strains 22.2% (22/99) 66.4% (87/131) p<0.001 

 611 

1 All CC15 isolates carry immobilized remnants of the Sa3int phage with most of the phage 612 

genome including the integrase missing. The IEC locus, however, is intact (see also Figure 613 

S1). 614 

Key: IEC, immune evasion cluster encoding staphylokinase,  staphylococcal complement 615 

inhibitor, chemotaxis inhibitory protein of S. aureus, as well as staphylococcal enterotoxin 616 

A or P; MGE, mobile genetic element. 617 

 618 










