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become the predominant cause of tinea corporis in 
the United Kingdom. Clinicians and microbiology 
laboratorians should recognize this fungus as a pre-
dominant cause of tinea corporis.

Acknowledgments
We thank Elizabeth Johnson for her interest in this work. 
We are also grateful to Johanna Rhodes for analyzing the 
whole-genome sequencing data, Daniel Kibbey for help 
with LIMS database searches, Sue McLachlan for assistance 
with isolate identification, and Sue McLachlan, Cheryl 
Yung, and Patricia Coll-Gutierrez for performing antifungal 
drug susceptibility testing of Trichophyton indotineae isolates.

About the Author
Dr. Abdolrasouli is a clinical scientist in medical 
mycology at King’s College Hospital, London, United 
Kingdom. His primary research interests include 
emerging pathogens, antifungal resistance, and 
laboratory diagnosis of fungal infections.

References
  1.	 Singh A, Masih A, Monroy-Nieto J, Singh PK, Bowers J, 

Travis J, et al. A unique multidrug-resistant clonal  
Trichophyton population distinct from Trichophyton  
mentagrophytes/Trichophyton interdigitale complex causing 
an ongoing alarming dermatophytosis outbreak in India: 
genomic insights and resistance profile. Fungal Genet Biol. 
2019;133:103266. https://doi.org/10.1016/j.fgb.2019.103266

  2.	 Kano R, Kimura U, Kakurai M, Hiruma J, Kamata H,  
Suga Y, et al. Trichophyton indotineae sp. nov.: a new highly 
terbinafine-resistant anthropophilic dermatophyte species. 
Mycopathologia. 2020;185:947–58. https://doi.org/10.1007/
s11046-020-00455-8

  3.	 Chowdhary A, Singh A, Kaur A, Khurana A. The emergence  
and worldwide spread of the species Trichophyton indotineae  
causing difficult-to-treat dermatophytosis: a new challenge  
in the management of dermatophytosis. PLoS Pathog. 2022; 
18:e1010795. https://doi.org/10.1371/journal.ppat.1010795

  4.	 Dellière S, Jabet A, Abdolrasouli A. Current and  
emerging issues in dermatophyte infections. PLoS  
Pathog. 2024;20:e1012258. https://doi.org/10.1371/ 
journal.ppat.1012258

  5.	 Brasch J, Gräser Y, Beck-Jendroscheck V, Voss K, Torz K, 
Walther G, et al. “Indian” strains of Trichophyton  
mentagrophytes with reduced itraconazole susceptibility  
in Germany. J Dtsch Dermatol Ges. 2021;19:1723–7.  
https://doi.org/10.1111/ddg.14626

  6.	 Dellière S, Joannard B, Benderdouche M, Mingui A,  
Gits-Muselli M, Hamane S, et al. Emergence of difficult-to-
treat tinea corporis caused by Trichophyton mentagrophytes  
complex isolates, Paris, France. Emerg Infect Dis. 
2022;28:224–8. https://doi.org/10.3201/eid2801.210810

  7.	 Siopi M, Efstathiou I, Theodoropoulos K, Pournaras S,  
Meletiadis J. Molecular epidemiology and antifungal  
susceptibility of Trichophyton isolates in Greece: emergence  
of terbinafine-resistant Trichophyton mentagrophytes type  
VIII locally and globally. J Fungi (Basel). 2021;7:419.  
https://doi.org/10.3390/jof7060419

  8.	 Posso-De Los Rios CJ, Tadros E, Summerbell RC, Scott JA.  
Terbinafine resistant Trichophyton indotineae isolated in  
patients with superficial dermatophyte infection in  
Canadian patients. J Cutan Med Surg. 2022;26:371–6. 
https://doi.org/10.1177/12034754221077891

  9.	 Spivack S, Gold JAW, Lockhart SR, Anand P, Quilter LAS, 
Smith DJ, et al. Potential sexual transmission of antifungal- 
resistant Trichophyton indotineae. Emerg Infect Dis. 
2024;30:807–9. https://doi.org/10.3201/eid3004.240115

10.	 Abdolrasouli A, Borman AM, Johnson EM, Hay RJ, Arias M. 
Terbinafine-resistant Trichophyton indotineae causing  
extensive dermatophytosis in a returning traveller,  
London, UK. Clin Exp Dermatol. 2024;49:635–7.  
https://doi.org/10.1093/ced/llae042

Correspondence: Andrew M. Borman, Mycology Reference 
Laboratory, UK Health Security, Science Quarter, Southmead 
Hospital, Bristol BS10 5NB, UK; email: andy.borman@nbt.nhs.uk

Identification and  
Characterization of  
Vancomycin-Resistant  
Staphylococcus aureus CC45/
USA600, North Carolina,  
USA, 2021
Jennifer K. MacFarquhar, Anumita Bajpai,  
Teresa Fisher, Chad Barr, Alyssa G. Kent,  
Susannah L. McKay, Davina Campbell, Amy S. Gargis, 
Rocio Balbuena, David Lonsway, Maria Karlsson, 
Maroya Spalding Walters, D. Cal Ham,  
William A. Glover
Author affiliations: Centers for Disease Control and Prevention, 
Atlanta, Georgia, USA (J.K. MacFarquhar, A.G. Kent, S.L. McKay, 
D. Campbell, A.S. Gargis, R. Balbuena, D. Lonsway, M. Karlsson, 
M.S. Walters, D.C. Ham); North Carolina Department of Health and 
Human Services, Raleigh, North Carolina, USA (A. Bajpai, T. Fisher, 
W.A. Glover); Caldwell County Health Department, Lenoir,  
North Carolina, USA (C. Barr)

Vancomycin-resistant Staphylococcus aureus (VRSA) is 
a rare but serious public health concern. We describe 
a VRSA case in North Carolina, USA. The isolate from 
the case belonged to the USA600 lineage and clonal 
complex 45. No transmission was identified. Confirmed 
VRSA cases should include a thorough investigation 
and public health response.
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On December 3, 2021, the Centers for Disease  
Control and Prevention (CDC) confirmed a 

vancomycin-resistant Staphylococcus aureus (VRSA) 
isolate from a resident of North Carolina, USA. That 
isolate represented the 16th confirmed VRSA case 
identified in the United States (1,2). Although no 
transmission was identified in previous cases, CDC 
recommends a public health response to each con-
firmed case because of the potential for transmission 
and the serious clinical implications of widespread 
vancomycin resistance in S. aureus (3).

The patient was a 55-year-old man with a history 
of diabetes mellitus, hypertension, arthritis, pulmo-
nary disease, peripheral vascular disease, methicillin-
resistant S. aureus (MRSA), and vancomycin-resistant 
enterococci (VRE). The patient resided in a skilled 
nursing facility (SNF) for the 28 days before the in-
cident specimen was collected. In the 60 days before 
specimen collection, the patient had acute care hos-
pital (ACH) and SNF admissions, received care for a 
nonhealing foot wound at a wound care clinic (WCC), 
and received 5 antimicrobial agents, including vanco-
mycin. The patient was in a private room and on con-
tact precautions during all facility admissions for the 
12 months before the positive VRSA identification. 
Cultures from the patient’s nonhealing foot wound, 
which was suspected of being infected, yielded the 
incident specimen.

The suspect isolate underwent species confirma-
tion, vancomycin resistance screening, and antimi-
crobial susceptibility testing (4) by the North Caro-
lina State Laboratory for Public Health (Appendix, 
https://wwwnc.cdc.gov/EID/article/31/1/24-

1573-App1.pdf). CDC performed short-read whole-
genome sequencing and genome assembly, staphy-
lococcal cassette chromosome mec and protein A 
(spa) typing, multilocus sequence typing, and whole- 
genome multilocus sequence typing.

The confirmed VRSA isolate demonstrated re-
sistance to vancomycin (MIC 64 µg/mL by gradient 
diffusion, 128 µg/mL by broth microdilution) (4). 
Whole-genome sequencing analysis identified the 
presence of mecA and vanA genes. The vanA gene is 
likely plasma-encoded on the basis of the similarity 
of its genomic context to other plasmid-encoded vanA 
genes in publicly available data. Typing results indi-
cated the isolate was spa type t1081, staphylococcal 
cassette chromosome mec type V, and sequence type 
45, belonging to the USA600 lineage and clonal com-
plex 45 (CC45/USA600) (5) (Figure).

We conducted site visits to the ACH, WCC, and 
SNF that provided care to the patient during the 60 
days before collection of the positive specimen. We 
identified minimal infection prevention and control 
gaps at the ACH and WCC; at the SNF, we observed 
inappropriate use or absence of personal protection 
equipment, low adherence to hand hygiene, poor 
wound care technique, inability to outline cleaning 
and disinfection protocols, and crowded/cramped 
spaces with minimal access to hand hygiene stations 
(e.g., lack of handwashing sinks and alcohol-based 
hand sanitizers). The SNF had no dedicated infection 
preventionist.

We defined contacts as persons having extensive 
or moderate interaction (3) with the patient or the pa-
tient’s environment during the 60 days before the spec-

Figure. Whole-genome multilocus sequence typing for identification and characterization of VRSA, North Carolina, USA, 2021. 
Unweighted pair group method with arithmetic mean dendrogram shows the relationship of VRSA16 and previously sequenced VRSA 
genomes from US patients; sequence data for VRSA 12 (CC5/PFGE type unknown), VRSA 13 (CC30/USA1100), and VRSA 14 
(CC5/USA100) were not available. Date of isolation (year), PFGE type (also known as USA type), and geographic location of each 
VRSA isolate are indicated. Scale bar indicates the whole-genome multilocus sequence typing allelic distance. PFGE, pulsed-field gel 
electrophoresis; VRSA, vancomycin-resistant Staphylococcus aureus.
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imen collection date. We collected screening specimens 
from the nares, axilla, groin, and wounds (if present) 
of contacts using 1 ESwab (COPAN, https://www.co-
panusa.com) per site, with the exception of the axilla 
and groin, which could be combined. We identified 
115 contacts: 83 staff from the ACH and WCC, 12 SNF 
staff, 16 SNF residents, and 4 patient household mem-
bers. No ACH or WCC patient contacts were identi-
fied. We collected 228 specimens from 110 contacts: 
83 ACH and WCC staff, 23 from the SNF (9 staff and 
14 residents), and 4 household members. Among 224 
screening specimens (109 nares, 109 axilla/groin, and 
6 wound) that met acceptance criteria from 109 con-
tacts, no VRSA was isolated. After 49 days in the ACH 
and beginning 1 week after completion of treatment 
for VRSA with meropenem and daptomycin, the pa-
tient had negative serial cultures over the next 3 weeks 
collected from the nares, axilla, groin, and wound and 
was discharged back to the SNF.

Since VRSA was identified in the United States 
in 2002, confirmed cases are uncommon. The case re-
ported here is notable for its location in the southern 
United States and belonging to the globally distrib-
uted CC45. In contrast to prior VRSA cases (1,6) with 
strains primarily associated with healthcare (5), CC45 
circulates in both healthcare facilities and communi-
ty settings (7). Similar to prior cases (2), this patient 
had multiple underlying conditions and a history 
of MRSA and VRE, supporting the hypothesis that 
VRSA resulted from conjugal transfer of the vanA 
gene from VRE to MRSA (8).

As for other VRSA investigations (6), we did not 
identify transmission, which is notable here given the 
identified infection prevention and control gaps. One 
possible explanation for the lack of transmission is 
that MRSA isolates harboring the vanA gene (VRSA) 
may be less fit or less transmissible. At least 1 labora-
tory study showed reduced fitness of VRSA isolates 
after vancomycin exposure (9), which might have 
contributed to the lack of transmission here.

In conclusion, emergence of this unique VRSA 
strain highlights the potential for emergence of oth-
er novel transmissible strains. Although the lack of 
transmission is reassuring, continued vigilance and 
investigation for all confirmed cases is paramount 
given the potential for vancomycin resistance to 
emerge in different S. aureus lineages, thereby result-
ing in novel strains that are more fit and thus more 
transmissible.
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