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Abstract

Background: One of the most successful and widely-distributed hospital-associated
lineages of MRSAis CC5. These strains are known from widespread antibiotic resistance,
but less severe disease than CA-MRSA counterparts. Recently, CC5 descendant

lineages have appeared globally with hypervirulent properties.

Methods: Herein we use genomic analyses to study the epidemiology of a rare CC5
MRSA sequence type, ST3390, circulating within Tampa General Hospital (TGH). We
employ genetic tools alongside in vitro and in vivo models of virulence to study the

pathogenic capabilities of strains.

Results: To date, there have only been 50 recorded instances of infection caused by
ST3390 globally, with 36 of those occurring at TGH. Genomic analysis of strains identified
numerous spa-types, with a t010 cluster found only at TGH. Exploration of AMR genes
detected the presence of unique hybrid SCCmec types, with ~90% of TGH strains
possessing components of SCCmecla, SCCmeclla and/or SCCmecVIll. Phenotypically,
all ST3390 strains lack the staphyloxanthin pigment, which is mediated by a conserved 6
aa in frame deletion within the staphyloxanthin biosynthesis protein CrtN. ST3390 strains
display high levels of cytotoxicity towards human neutrophils compared to other CC5

lineages, with several isolates displaying hypervirulence in animal models of infection.

Conclusions: This is the first study to characterize the pathogenicity and genomic
architecture of the rare MRSA lineage ST3390. Our work provides a deeper
understanding of the clonal expansion of CC5, and the wider diversification of S. aureus

isolates within patient populations.
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Introduction

Methicillin-resistant Staphylococcus aureus (MRSA) is an important cause of antibiotic-
resistant infections that range in severity from localized skin and soft tissue infections to
invasive bacteremia. Over the last 30 years MRSA infections have undergone an
epidemiological shift, transitioning from a largely hospital associated problem (HA-MRSA)
to also infecting young healthy individuals within the community (CA-MRSA) [1, 2]. To aid
in our understanding and tracking of MRSA infections, tools have been developed for
typing strains. These include variations in the repeat region of the staphylococcal protein
A (spa) [3], and in the Staphylococcal cassette chromosome mec (SCCmec) [4]. Finally,
perhaps the most important typing system is through 7 housekeeping genes that are used
for multi locus sequence typing (MLST). Strains that share 6 MLST sequences are
grouped into the broader classification of clonal complex (CC); with each CC comprising

multiple closely related sequence types (ST) [5].

One of the most important HA-MRSA lineages is CC5 and its subtype ST5 strains. CC5s
possess SCCmec type elements that are larger (I, Il and Ill) and confer resistance to
multiple classes of antibiotics [6]. Conversely, the most common CA-MRSA lineage is
CC8-ST8, strains of which commonly have smaller SCCmec types (IV) and mobile
elements that carry toxins such as the Panton-Valentine Leukocidin [7]. The lines
separating HA-MRSA and CA-MRSA strains, however, have blurred within the last
decade. Recent studies have illustrated the evolution of CA-MRSA becoming a leading

cause of hospital-associated bloodstream infections [8, 9], whilst there have been
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increasing accounts of HA-MRSA strains circulating in the community or eliciting serious

disseminated infections [10, 11].

Along these lines, over the last 20 years we have seen the emergence of hypervirulent
HA-MRSA CC5 variant lineages. One such descendant, ST764 from Japan, has
presented not only CA-MRSA characteristics but also acquisition of non-staphylococcal
mobile elements [12]. Another variant, ST105, replaced ST5 as the leading cause of blood
stream infections in Brazil [13, 14]. In the United States the New York/Japan clone,
ST5/SCCmecll (USA100) has been the most dominant HA-MRSA lineage. Herein we
present characterization of a CC5 descendant clone in North America, ST3390, that
demonstrates hypervirulent characteristics as well as evidence of horizontal gene transfer
with CA-MRSA strains. Collectively, our work provides a deeper understanding of the
emerging clonal expansion of CC5, and the wider diversification of S. aureus isolates

within patient populations.
Methods

Bacterial Strains and Growth Conditions: MRSA TGH-ST3390 strains were isolated
from patients and collected by Tampa General Hospital between 2017 and 2024 [15]. All
bacterial strains and plasmids used are listed in Supplemental Table 1. Overnight
cultures were routinely grown at 37°C with shaking at 250 rpm in 5mL of tryptic soy broth
(TSB). Where required, media was supplemented with the following antibiotics: for E. coli:
100pg/mL ampicillin; for S. aureus: 10pug/mL chloramphenicol, Spg/mL erythromycin and

25ug/mL lincomycin.
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89 Genomic Analyses: All sequencing and assembly methods are contained in the
90 companion paper to this work [15]. Genomes were sequence-typed with pyMLST [16] ,
91 annotated with prokka, and AMR genes identified using AMRFinderPlus v3.10.45 . The
92 DNA sequence and translated proteins for genes of interest were confirmed and aligned
93 using BLASTncbi-BLAST v2.13.0+. The staphtyper workflow as part of Bactopia v3.0.1
94 [17] was used to characterize SCCmec and spa-type. Genomes were analyzed for SNPs
95 against the well-characterized CC5-ST5 strain N315 using Snippy (v4.6.0). Snippy was
96 used to generate an initial core genome single-nucleotide polymorphism alignment.
97 Following this, Gubbins was used to create a recombination masked alignment. From this
98 alignment RAXML was used to infer a maximum-likelihood mid-point rooted tree. The
99 subsequent tree was visualized and annotated using iTOL webserver. Genome regions
100  were aligned to reference sequences and visualized with clinker. Amino acid sequences
101 were aligned using muscle and viewed in snapgene. Prophage regions were annotated
102  with Phastest webserver [18]. TGH-ST3390 blast maps were generated using the CGview

103  comparison tool[19].

104  crtOperon complementation: The ctOMNPQ operon was PCR amplified from TGH993
105 using primers OL7816 (cagtcaGTCGACgtgactacaactgcagcg) and OL7817
106  (cagtcaGGATCCgactactcccttatacgcccc). This fragment was cloned into pMK4 via BamHI
107 and Sall restriction sites, creating pEAF1. The construct was transformed into E. coli
108 DHb5a, with clones confirmed using OL7816/0OL7817, followed by Sanger sequencing
109 (Azenta). The plasmid was then transformed into S. aureus RN4220 by electroporation,
110 followed by phage transduction in a JE2 crtN transposon mutant [20] using @11. Strains

111 were grown on TSA and observed for pigmentation.
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112  Blood viability Assay: These were performed as described previously [21]. Bacterial
113  cultures were grown in biological triplicate overnight before being diluted 1:100 and grown
114  for 3h. These cultures were then washed twice with PBS before being used to inoculate
115  1mL of human, gender-pooled whole blood (BiolVT) at a final ODsoo of 0.05. Samples
116  were incubated for 6h with rotation at 37°C. Aliquots were withdrawn, serially diluted and

117  plated to determine viability.

118  Cytolytic Assays: Hemolysis, proteolysis and cytolysis assays were all performed as
119  described [22, 23]. For proteolysis and hemolysis, these were monitored using casein-
120 and blood-agar, respectively. Cultures were grown overnight on TSA and individual
121 colonies were patched onto either casein agar (TSB containing 5% nonfat dry milk) or 5%
122  sheep blood agar (Thermo Scientific). After 18h plates were imaged and quantified using
123 Imaged. For cytolysis, the immortalized HL-60 cell line was grown to confluence in RPMI
124  supplemented with 10% FBS and 100U Pen/Strep at 37°C and 5% CO:2. Cells were
125  differentiated into neutrophil-like cells by the addition of 1.25% DMSO for 4 days; which
126 was confirmed via cell morphology. Following this, cells were resuspended in RPMI with
127  10% FBS and 1x10° cells were seeded in 100yl into a 96-well plate. Bacterial cultures
128 were grown as above and standardized to ODeoo 0.05. Seeded neutrophils were
129 intoxicated in technical duplicate with 5ul of bacterial supernatant (5% total volume)
130 followed by incubation at 37°C, 5% CO:2 for 1h. Cell viability was measured using the
131 CellTiter96 Aqueous One Solution Cell proliferation reagent (Promega). Following 1h,
132 20yl of the CellTiter reagent was added to wells, and the plate returned to the incubator

133  for 2h. Color development was assessed via OD4go using a Biotek Cytation 5 plate reader.
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134  Data is reported as percent death of supernatant-treated cells compared to neutrophils

135  treated with 5yl TSB.

136  Murine Model of Sepsis: All animal studies in this work were performed in accordance
137  with and approved by the Institutional Animal Care and Use Committee of the University
138  of South Florida. To prepare inocula, bacteria was washed 2x with PBS before being
139  adjusted to 1x10° CFU/mL in PBS. Female, six-week-old CD-1 mice (Charles River
140 Laboratories) were injected in the tail vein with 100pl of bacteria, resulting in a final dose
141 of 1x108. Infections were allowed to progress for 7 days, or until mice reach a premoribund
142  state, at which point they were euthanized. Any animal remaining at the end of the
143 infection period were also euthanized. For those animals surviving the 7 days, the liver
144 and kidneys were harvested for bacterial load determination. Experiments were
145  performed with 9 mice per strain and a Log Rank or Mann-Whitney test was used to

146  measure statistical significance.
147 Results

148  Geotemporal Distribution of ST3390 Clones: In a companion study we identify 36
149 isolates from the rare S. aureus Sequence Type ST3390 at a large urban hospital in
150  Tampa, Florida (Tampa General Hospital, TGH) [15]. To understand the relevance of this,
151  we reviewed existing literature and available genomic databases to understand the wider
152  distribution of this clone (Table 1). In so doing we found an additional 47 isolates of
153  ST3390 worldwide, with 45 available genomes. The earliest documented infection from
154  this lineage is a single strain from Canada in 2010[24]. From the years 2013-2016 four
155 individual isolates caused infections across different cities within the Northeastern

156  USA[25, 26]. Between 2015 and 2016 the University of lllinois at Chicago collected 30
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157  ST3390 isolates from environmental surfaces and 4 isolates from 2 patients (1 was a
158 nasal sample)[27]. Also in 2016, two nasal surveillance isolates were reported in
159  Baltimore, MD. In 2017 multiple isolates were collected from infections in our hospital in
160 Tampa, as well as the solitary patient isolate from outside North America in the
161  Netherlands[28]. In 2018, one isolate was found from an infection in Jacksonville, FL.
162  During 2019, we found 13 isolates from patients in our hospital, and 2 more were
163  recovered from infections in Gainesville, FL. After 2021, Tampa is the only city to report
164 ST3390 strains from infected patients. In sum, to date there have been 50 recorded
165 instances of infection caused by ST3390 globally, with 36 of those occurring at TGH.
166 Interestingly, when one reviews genomic relatedness of strains (Figure 1), the oldest
167 isolate from Canada appears to root the tree and is similar to early strains isolated in New
168  York. Beyond this, our TGH strains cluster relatively well with other isolates from Florida
169 locations, and the broader population, with the exception of the Chicago strains, which

170  cluster separately and are clearly part of an isolated outbreak.

171 TGH-ST3390 Populations Have Three Different spa-types: From the 36 TGH-ST3390
172  strains we identified three different spa-types: t062 (n=18), t002 (n=11) and t010 (n=7).
173 The ancestral spa-type t002 is by far the most common within the wider CC5 to which
174  ST3390 belongs [29], however it is only the second most common type amongst TGH-
175  ST3390 strains. While t010 and t062 are still associated with CC5, these spa-types are
176 less frequently found according to the Ridom SpaServer. When reviewing the genomes
177  of ST3390 isolates outside TGH we find that within the USA, absent the 2015-2016 strains
178  from Chicago, all have t002, with the exception of a t045 isolate each from Baltimore and

179  Detroit. Interestingly, when analyzing the Chicago strains, we find t002, t045 and t062
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180  present, alongside 9 different spa-types that are unique only to this cluster. Despite this,
181  these strains show a high level of similarity and cluster together in a distant clade from
182  the rest of ST3390. Finally, the two international strains both have rare spa-types: the

183  Canadian strain being t579 and the Dutch strain being t2065.

184 ST3390 Strains Do Not Possess Typical SCCmec Clusters: When exploring genetic
185  relatedness within TGH-ST3390 strains (Figure 2A), we note all are mecA+, however the
186  SCCmec cluster that they carry is highly unusual (Figure 2B, Supplemental Table S1).
187  All possess SCCmeclla, but, absent 4 individual isolates, all TGH-ST3390 strains also
188  have additional genetic information in this region. For example, 24 strains also have a
189  6.2kb ACME Il arc cluster with 99.9% homology to the arc cluster from USA300 ACME |,
190 followed by a truncated 6.1kb joining region | (JI) from SCCmecla. Furthermore, 3 isolates
191  have the arc cluster—-SCCmeclla composite without the JI region. Additionally, there are
192 5 isolates that have an 11.5kb JI region from SCCmecVIll inserted at the att site of orfX
193  instead of the ACME-JI composite. Outside of TGH we identified the ACME-JI-SCCmeclla
194  composite in 15/45 strains. A single isolate from Massachusetts appears to have the
195 ACME-SCCmeclla composite lacking the truncated SCCmecla JI region. The
196  SCCmecVIll JI-SCCmeclla composite was not identified in any of the non-TGH strains,

197 indicating this conformation is specific to the strains circulating within TGH.

198  Variations in the TGH ST3390 Mobilome: Using our genomic relatedness map we note
199 that TGH-ST3390 strains have 4 prophage regions (Figure 3A). The first is a phiSalint
200 family member that is conserved within all TGH-ST3390 strains. The second is from the
201  phiSazint family, with its closest match being phi2958PVL. This region is highly conserved

202 being present in 35/36 of TGH strains. Importantly, the phage is missing lukF-PV/lukS-
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203 PV, which has been observed in several other non-USA300 strains[12, 30]. Next is a
204 member of the phiSa3int family, inserted into the beta-hemolysin gene. Interestingly this
205 phage was present in 30 TGH-ST3390 strains but excised in 6; which is common during
206 infection and antibiotic treatment and results in restored beta hemolytic activity. The final
207 region is the least conserved and is missing in 13 strains. It's a member of the phiSa7int
208 family and its best match is to @JB. A study looking at the transduction efficiency found
209 that @JB was an order of magnitude better at transducing resistance plasmids than other

210 efficiently transducing phages[31].

211 Mupirocin Resistance is Seemingly Maintained in TGH-ST3390 Strains via Plasmid
212 Addiction: Within the population of TGH-ST3390 isolates, 24/36 strains carry the mupA
213 gene on a plasmid, which drives high-level mupirocin resistance [32]. Importantly,
214  carriage of mupA within the population continues without mupirocin selective pressure as
215 TGH discontinued use of this antibiotic for decolonization in 2020. Using long read
216  sequencing data, we detect a 39,822bp mupA plasmid in strain TGH462 (Figure 3B) that
217  encodes two different Type 1 Toxin/Antitoxin (TA) fst family toxins. Importantly, in the
218 context of plasmids, Type 1 TA systems are associated with ensuring inheritance via
219 plasmid addiction [33-35]. In pTGH462, the two toxins contain a different
220  P/D/SITXXXG(C) motif within their transmembrane domain[36]. Fst toxin 1 is 30 aa long
221 and encoded 4.7kb downstream from mupA; bearing the motif most common to this
222 family, PXXXG. Fst toxin 2 is 33 aa long and is encoded 14.7kb upstream of mupA. It has
223 aless common TXXXG motif, which is associated only with Staphylococcal species. Fst
224  toxin 1 sequence is not unique to mupirocin plasmids, however, as it is also present in 6

225  mupA- TGH-ST3390 genomes, as well as all 24 of the mupA+ strains. Conversely, Fst

10
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226  toxin 2 was found in 23/24 TGH-ST3390 mupA plasmids, and only in a single mupA-
227 genome. Interestingly, this latter strain appears to have only the first half of pTGH462
228 located upstream of mupA. As such, this dual plasmid addiction system within mupA
229 bearing TGH-ST3390 strains may be the reason that this mupirocin resistance is

230 maintained within the population.

231 ST3390 Strains are Apigmented: When growing TGH-ST3390 strains we observed that
232  all isolates were white in color, lacking the golden color that gives S. aureus its species
233 name (Figure 4A). Pigment production in S. aureus is driven by the carotenoid
234  biosynthesis operon, crtOPQMN. When reviewing genomes, we note that all of TGH-
235 ST3390 strains have a 6aa in-frame deletion within the FAD/NAD(P)-binding domain of
236  staphyloxanthin biosynthesis protein dehydrosqualene synthase (CrtN) (Figure 4B). To
237 explore if this deletion is causative for apigmentation we amplified crtOPQMN from
238 TGH993, cloned it into a shuttle vector and introduced it into a USA300-JE2 crtN mutant.
239 In so doing, we observed that the TGH-3390 crt operon was unable to rescue the
240 apigmented phenotype of the crtN mutant (Supplemental Figure S1), indicating that the
241  TGH-3390 crtN gene is non-functional. When exploring genomes of the non-TGH ST3390

242 isolates we note that the same 6aa deletion is present in all strains.

243 Increased Blood Survival is Inversely Correlated with the Secreted Lytic Activity of
244 TGH-ST3390 Strains: To phenotypically explore virulence capacities of TGH-ST3390
245  strains, we began by assessing their survivability in whole human blood (Figure 5A).
246  These assays were performed alongside the well characterized ST5 isolate N315 to
247  provide a baseline for the wider CC5 group. In so doing, we noted that the TGH-ST3390

248 population displayed a clear divide, with 11 isolates mirroring N315, with limited viability

11
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249  in blood, whilst the remaining 25 displayed robust survivability. When we expanded these
250 studies to measure three primary virulence factor activities — hemolysis, proteolysis and
251  cytolysis — we found an inverse correlation with blood survival (Figure 5B, Supplemental
252  Figure S2). Here, most strains with limited viability in human blood were more likely to be
253  highly proteolytic, hemolytic or cytolytic. Indeed, none of the strains that had robust
254  survival in blood were highly proteolytic, and only one was highly hemolytic and cytolytic

255 (TGH394).

256 TGH-3390 strains Have Enhanced Virulence in a Murine Model of Sepsis: To
257 determine the virulence of TGH-ST3390 strains we next used a murine model of sepsis.
258 Here we chose a representative strain from each of the three spa-types, alongside the
259  comparator CC5 strain N315, and used them to infect mice. When assessing the mortality
260 of animals during the infection period, no mice infected with N315 or TGH178 (t002) died
261  (Figure 6A). In contrast, two mice infected with TGH112 (t062) and three mice infected
262  with TGH219 (t010) died. Those mice surviving the infection period were euthanized and
263 the kidneys and liver were harvested. When these were plated for viability (Figure 6BC)
264 we observed similar trends to our mortality data. Specifically, TGH112 had 9.91-fold
265 greater burden in the kidneys and 9.87-fold greater burden in the liver, compared to N315.
266 For TGH219, it had 16.6-fold greater burden in the kidneys and 516.6-fold greater burden
267 in the liver, compared to N315. Perhaps more strikingly, the kidneys from TGH112 and
268 TGH219 infected mice had greater signs of disease severity, including alterations in color

269 and size of the organs (compared to N315), and a greater accumulation of abscesses.

270

271
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272 Discussion

273  Herein we present the identification and characterization of a rare S. aureus Sequence
274  Type, ST3390. The appearance of STT3390, first in Canada, and then along the Eastern,
275  mirrors that seen with other CC5-ST5 descendant clones. For example, in Brazil, clone
276  ST105 evolved from ST5, has a higher propensity towards blood stream infections, and
277 is better at evading phagocytosis and killing by monocytes than other CC5 isolates [13].
278  Similarly, in Japan and China, ST764 is an offshoot of ST5 and causes severe invasive
279 disease with enhanced virulence over ST5 strains [12, 37]. We thus suggest that ST3390
280 can be seen as a North American expansion of CC5 with newly develop virulence
281  properties. Interestingly, ST3390 mirrors ST764 at least in part as it has acquired

282 components of ACME via horizontal gene exchange.

283  Amongst ST3390 isolates there is a relatively good spa-typing consensus, at least within
284 the TGH population, of t062 > t002 > t010. Outside of a single isolate in Detroit and
285 Baltimore, and the Chicago outbreak, USA strains only possess t002, although the two
286 non-US isolates also diverge. The Chicago strain set is fascinating as it contains 12
287  different spa-types across 34 strains. This kind of variation within a ST is not uncommon,
288 as, for example, ST5s have multiple spa-types [38]. One of the reasons that spa
289  sequences are so variable is because they are formed by patterns of tandem sequence
290 repeats that are subject to frequent polymerase staling during DNA replication and
291 therefore evolve more quickly than most protein-coding regions of the genome [39]. It
292 also is possible that variant spa-types are selected by the host immune system during
293 infection because Spa is a secreted virulence factor [40-42]. Thus, it may be that t002 is

294 the standard within ST3390, but that this is subject to geographical

13
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295 variation/specialization during outbreaks and expansion events. Indeed, our most virulent

296 strain is type t010, which is only found at TGH.

297  We also report several different composite SCCmec elements in ST3390 strains. These
298 arise either via recombination events between different SCCmec types or through the
299 addition or deletion of mobile genetic elements [6, 43]. Composite elements also
300 potentially arise more readily in hospital-associated strains due to horizontal gene transfer
301 between diverse species as well as the selective pressures from antibiotics[44]. We note
302 thatthe majority of TGH-ST3390 isolates harbor a truncated form of ACME Il and modified
303 Jl region from SCCmecla, located between orfX and SCCmec. Whilst the ACMEII arc
304 cluster bears high similarity to that of ACME | from USA300 strains, ACME Il is primarily
305 identified with S. epidermidis ATCC 12228. Furthermore, the ccr genes from SCCmecVII|
306 (and found in some TGH-ST3390 strains) are nearly identical to those found in S.
307 epidermidis. This indicates the potential for ST3390 to readily attain genetic features not
308 only from other S. aureus strains but also from other Staphylococcal species. It is
309 potentially noteworthy that others have shown that the unique profiles of combinatorial
310 SCCmec elements have the potential to confer enhanced virulence and antimicrobial

311  resistance [45, 46], both key features of TGH-ST3390 strains.

312  The lack of pigmentation in ST3390 strains is of significant interest. It has previously been
313  reported that apigmented S. aureus strains have impaired neutrophil survival, are more
314  sensitive to reactive oxygen species, and have limited virulence in murine models [47].
315  Strikingly, we see quite the opposite with TGH-ST3390 strains, which display increased
316  neutrophil killing and enhanced virulence during sepsis compared to the pigment CC5

317 isolate N315. Interestingly, recent studies using naturally apigmented lineages of S.
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318 aureus (including ST20 and ST25) demonstrate that there is actually no difference in the
319 virulence of these strains compared to pigmented counterparts [38], which mirrors our
320 findings. Another interesting consideration is that a majority of naturally occurring
321 apigmented S. aureus strains lack the crtOPQMN operon [38, 48], whereas ST3390
322 merely has a conserved deletion with crtN. This perhaps suggests the relatively recent
323 acquisition of this mutation and consequent apigmented phenotype. It will be of significant
324 interest to determine if ST3390 strains can have their pigmentation restored via repair of

325 the crtN gene, and how this influences strain behavior.

326  When considering our laboratory-based assessment of virulence, our findings at first
327 glance may appear contradictory — in that we find those strains that are highly proteolytic,
328 cytolytic and hemolytic have limited survivability in human blood. This does, however,
329 make sense, as we know that strains of S. aureus that are hyperproteolytic are typically
330 attenuated in infection models [49]. This is driven by a role for these enzymes in
331 controlling the stability of self-derived surface associated and secreted virulence factors
332 [50]. Thus, the overproduction of secreted proteases limits the abundance of other
333 virulence factors required for survival in, for example, human blood [51]. Similarly, we
334 know that limiting the hemolytic or cytolytic capacity of S. aureus can have a positive
335 impact on bacterial survival during infection [52, 53]. Thus, it appears that virulence factor
336 expression in ST3390 strains appears to have achieved an ideal equilibrium to facilitate

337 survival and dissemination within the host.

338 In conclusion, we report the characterization of a rare CC5 descendant clone with the
339 capacity for hypervirulence that has taken root in the Tampa Bay region. We first detected

340 it during collection for this project in 2017 and have found new strains each year we

15


https://doi.org/10.1101/2025.03.18.643911
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.03.18.643911; this version posted March 18, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

341 sample. We believe the number of ST3390 strains from our hospital is far greater than
342 thatreported herein — we have found many white S. aureus isolates in our collection that
343 display high level mupirocin resistance, indicating that they are quite likely to be ST3390
344  strains. Given that the Tampa Bay metro area has >3 million residents and that ST3390
345 strains are found in multiple cities in Florida and the wider USA, there is a clear and
346  pressing need to further characterize this novel lineage. A key consideration is whether
347 this will ultimately resolve in time, or if we are perhaps witnessing an expansion (locally

348  or beyond) of this ST akin to that seen for ST8-USA300 in the 1990s.
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Year Geographic location Number of SpaType Accession SCCmec References
Isolates
2010 CNISP Ontario, Canada 1 579 SAMN13571250 SCCmeclla [22]
2013 University of Chicago, Chicago, Illinois 1 # pubMLST
2015 Mount Sinai Hospital, New York,NY 1 1002 SAMN09484063 SCCmeclla
2015-2016 RUMC, Chicago, Illinois 34 ;;3372 tggg tfff tf;’o;b ogé-é' -ACrE- [25]
tt586, ,tf158, };235’,12302’ PRINAS95570 (n:%(; ’
2016 Massachusetts 1 1002 SAMN12325109 orfX-ACME- [23, 24]
SCCmeclla
Weill Cornell New York Presbyterian, 1 002 SAMN12776173 SCCmeclla
New York, NY
University of Maryland, Baltimore, MD 2 1002, t045 orfX-JI -ACME-
PRINA565025 Scfn”jg;:”a
2017 Tampa General Hospital, Tampa, FL 8 t002(rt1;i)),(t063?(n=2), This Study
e
RIVM, Netherlands 1 2065 SAMN30843088 | orfX-JI-ACME- [26]
SCCmeclla
2018 Tampa General Hospital, Tampa, FL 3 t002, t062, t010 This Study
Jacksonville, FL 1 1002 SAMN15373856 | orfX-JI-ACME-
SCCmeclla
Wayne State University, Detroit, Ml 1 #
SAMN35839406
2019 Tampa General Hospital, Tampa, FL 13 t002(?;143,( t06i)2(n=8), This Study
e
University of Florida, Gainesville, FL 2 002, t002 PRJNA839096 orfX-JI -ACME-
SCCmeclla
2021 Wayne State University, Detroit, Ml 1 t045 SAMN38637704 SCCmeclla
2022 Tampa General Hospital, Tampa, FL 12 t002(tr(1)=1’o(’))(, t0§)2(n=7), This Study
e
2024 Tampa General Hospital, Tampa, FL 1 1062 Unpublished

Table 1. Geotemporal Distribution of ST3390 Isolates Globally. SCCmec type information for strains from this study is

available in supplemental table 1.

#Genomic data was either not available or was in an unusable form.
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Figure 1. The Genomic Relatedness of ST3390 strains. Shown is a recombination masked core SNP
alignment maximume-likelihood tree of the 36 TGH-ST3390 strains and 45 non-TGH ST3390 strains whose

genomes are available. SNP alignment was generated with snippy v.4.6.0. Non-TGH branches are denoted in
red and are named by city and year of isolation. TGH strains are shown in black.
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Figure 4. ST3390 Strains Lack the Characteristic Golden Staphyloxanthin Pigment of S. aureus. (A):
TGH-ST3390 strains were patched on to Tryptic Soy Agar alongside the control CC5 strain N315
(labelled). (B): Protein alignment of CrtN from the CC5 control strain N315 compared to TGH-ST3390
strains. Also included are sequences from a single isolate for each year/city outside of TGH.
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Figure 5. Secreted Lytic Activity of TGH-ST3390 Strains is Inversely Correlated with Survival in Human
Blood. (A): Strains were grown overnight in TSB, before being standardized to an ODg,, of 0.05 and inoculated
into whole human blood. Strains were incubated for 6h before viability was determined via plating. Error bars
are £+SEM; n=3. (B): Composite representation of secreted lytic activities for all strains, alongside spa-type,

SCCmec Type and source of origin. More details on lytic activity assays can be found in Supplemental Figure
S2.
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Figure 6. TGH-ST3390 Strains With spa-Types t010 and t062 Have Enhanced Virulence in a Murine Model
of Sepsis. (A): Nine female CD-1 mice were inoculated via tail vein with 1x108 of the strains shown. Infections
were allowed to proceed for 7 days and the mortality of mice was recorded. For mice that survived the
infection period, the (B) kidneys or (C) liver were harvested, homogenized, and plated for viability. For (B) inset
are representative images of kidneys from surviving mice. Statistical significance was determined using a Log
Rank (A) or Mann Whitney Test (B-C). * = p< 0.05; ** = p< 0.01, *** = p< 0.001.
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