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ABSTRACT: Objective To explore the antimicrobial resistance phenotype and genotype characterization of

Staphylococcus aureus (S. aureus) from freshly prepared beverages. Methods The antimicrobial susceptibility
testing of S. aureus was carried out following broth microdilution method. Meanwhile, the genomic DNA of the
isolates were extracted for whole genome sequencing, and then the bioinformatics analysis pipelines were
implemented for genomic analysis. Results The overall resistance rate of the 43 S. aureus isolates from freshly
prepared beverages against 10 categories of antibiotics was 88.4%. All isolates belonged to 9 kinds of antimicrobial
resistance profiles, of which 3 isolates were methicillin-resistant S. aureus (MRSA). The overall multidrug resistant
(MDR) rate was 16.3%, while MDR isolates were mainly originated from beverages made of milk and milk product.
Three S. aureus isolates were resistant against 7 or more classes of antibiotics, one of which was MRSA. Whole
genome sequencing and phylogenetic analysis showed that the antimicrobial resistance phenotypes and genotypes
correlated well with each other. Moreover, the MRSA and MDR isolates showed obvious clustering in the
phylogenetic tree. All of the 43 isolates belonged to 16 multilocus sequence types (MLST), from which MRSA
isolates belonged to one ST45 and two ST398. The ST types of MDR isolates were STS, 7, 15, 59, 121 and 398,
respectively. The MDR-MRSA isolate was ST398. The 34.9% of all isolates harbored Staphylococcal enterotoxin
genes, where sea was the main genotype. MRSA isolates did not harbor enterotoxin genes, while the harboring rate of
enterotoxin genes of MDR isolates was 42.9%. All three ST1 isolates, which were mainly from freshly prepared
beverages made of fruit, harbored 6 enterotoxin genes, however, they were only resistant to penicillin or being
susceptible to all antibiotics tested. Conclusion MRSA and MDR S. aureus exist in freshly prepared beverages, and
are closely correlated genetically. Although the pathogenicity of MRSA strains is relatively weak, high prevalence
rate of enterotoxin genes in MDR isolates implicate that potent risk from resistant S. aureus should not be ignored.
Therefore, the monitoring and prevention of antimicrobial resistant S. aureus in freshly prepared beverages should be

strengthened in the future.
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Fig.l Resistance rate of 43 strains of S. aureus isolates to 10 kinds of antibiotics
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Table 1 Resistance profiles of 43 strains of S. aureus (n=9)
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Fig.2 Multidrug resistance of 43 strains of S.aureus isolates
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Fig.3 Antimicrobial resistance phenotype and genotype characterization of 43 strains of S. aureus isolates
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