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ABSTRACT:

Enterococci have become important nosocomial pathogens worldwide, primarily due to their
remarkable ability to acquire and transmit resistance and virulence genes. The relationship between
biocides and heavy metals and antimicrobial resistance has been examined previously, but reports
linking resistance to nonantibiotic compounds and the maintenance of virulence factors are still scarce.
Therefore, we investigated the co-occurrence of heavy metal resistance genes (HMRG) and/or biocide
resistance genes (BRG) with virulence factors (VFG) and population diversity in 174 enterococcal
isolates (63 E. faecalis and 111 E. faecium ) recovered from hospitalized patients in the state of Rio de
Janeiro. The isolates were characterized by MALDI-TOF MS, and the presence of HMRG [copper (tcrB
and cueO), mercury (merA), and cadmium (cadA)] and nine VFG were determined by PCR. The
population diversity was analyzed by MLST. Whole genome sequencing was performed, and thirteen
BRG and eleven VFG were detected by using the BLAST tool. Among the E. faecalis isolates, cadA
was the predominant (94%). However, in E. faecium, tcrB was more frequent (30%), followed by cueO
(26%), merA (23%), and cadA (4%). At least one BRG was found in 81% (n=141/174) of the isolates.
Regarding BRGs, efrA/B were prevalent in both species, 97% in E. faecalis and 77% in E. faecium;
emeA was only detected in E. faecalis (33%). Each isolate had at least one gene associated with VFG.
The pilB (96%), ecbA (85%), fss1/3 (80%), acm (67%), and fms8 (61%) genes were the most abundant
VFG in both species. In addition, VFG were frequently detected along with HMRG and BRG. VFG
efaA, eeP, cpd, cad, ccf, asal, agg, sprE, gelE, and cyl A were only found in E. faecalis and were mostly
associated with emeA and cadA. Also, srgA, fsm, and esp, which were most frequently found in E.
faecium, were often correlated with the presence of copper and mercury resistance genes. Three of the
major sequence types showed BRG with HMRG and VFG. E. faecalis belonging to ST525 (n=26) and
ST6 (n=19) carried VFG in addition to cadA and emeA. E. faecium ST78 isolates (n=21) carried VFG
along with tcrB, cueO, and merA. These results, indicating the coexistence of HMRG, BRG, and VFG
in multidrug-resistant enterococci, suggest that an even larger arsenal of genes is involved in selection
events that contribute to the maintenance and transmission of isolates with features of outstanding
clinical relevance.
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