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Clinical Bulletin: Antibiotic Resistance Gene Tests

Description
Antibiotic resistance is considered by the CDC to be a major public health threat in the United States.1 Patients with antibiotic resistant 
infections have higher morbidity and mortality, including longer hospital stays with increased costs to the healthcare system.1 To help 
mitigate the consequences of antibiotic resistance, the CDC has called for improved antibiotic stewardship and the development of 
new diagnostic tests.1

Antibiotic resistance genes are genes present in bacteria that mediate resistance to a specific antibiotic or class of antibiotics. 
DxWound tests for several antibiotic resistance genes associated with bacteria that typically cause skin and soft tissue infections 
(SSTIs). The detection of these genes suggests the presence of bacteria that may be resistant to specific antibiotics or classes of 
antibiotics (Table 1). 

Table 1. Antibiotic Resistance Genes and Associated Antibiotic Classes

Antibiotic Resistance 
Genes Antibiotics That May Be Impacted by Resistance Gene
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Oxacillin/
Methicillin 
Resistance2-4

mecA X X† X X – – – – – – –

Carbapenemase5-7

IMP X X – X – – – – – – –
KPC X X X X – – – – – – –
NDM X X X X – – – – – – –
OXA-48 X X – X – – – – – – –
SME X X X X – – – – – – –
VIM X X – X – – – – – – –

Extended 
Spectrum 
ß-Lactamase8

CTX-M X Xy X – – – – – – – –

SHV X Xy X – – – – – – – –

Macrolide-
Lincosamide-
Streptogramin B 
Resistance9, 10

ermA – – – – X X X – – – –

ermB – – – – X X X – – – –

Vancomycin 
Resistance11, 12

vanA – – – – – – – X – – –
vanB – – – – – – – X – – –

X = Drug class potentially affected; – = No known effect on drug class; † = Except Ceftaroline4; Y = except cephamycins

Indications for Ordering
DxWound can be used for any patient suspected of having a SSTI or with clinical signs of a SSTI. Testing for antibiotic resistance genes 
may help clinicians quickly target antibiotic therapy. 

Methodology
DxWound tests analyze DNA using real-time polymerase chain reaction (PCR) technology. The tests are performed on a swab sample 
taken directly from the site of infection without need for bacterial growth. The process is simple. First, cleanse and debride the wound 
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as necessary. The Levine technique is then suggested for collection of the sample. The swab sample is collected in a solution that kills 
microorganisms at the same time as protecting microbial DNA, essentially preserving the wound microbiome in time at the point of 
specimen collection. DNA is detected directly from the patient specimen without culture enrichment (for more information, please 
refer to the Technical Specifications bulletin). Table 2 shows the antibiotic resistance genes and alleles included in DxWound. 

All DxWound tests have ≥95% accuracy and ≥99% reproducibility. The accuracy and reproducibility of DxWound tests were defined by 
either comparison to culture reports for wound samples and/or by correct identification of known organisms or antibiotic resistance genes 
in reference samples obtained from the FDA-CDC antimicrobial resistance isolate bank, commercial vendors, and research laboratories.

Clinical Use
The failure of empiric therapy is a concern in treatment of SSTIs. 
One study suggested that as many as 16.6% of acute SSTIs, 
34.1% of chronic or ulcerative infections, and 26.7% of surgical 
site infections had initial treatment failure. It has been shown 
that antimicrobial therapy which is not targeted to the causative 
pathogen within 48 hours of presentation is an independent risk 
factor for treatment failure.13 This type of data contributed to the 
U.S. Food and Drug Administration (FDA)’s decision to revise its 
guidance for the evaluation of clinical response to skin infections 
to earlier time points of 48 to 72 hours after initiation of 
therapy.13 DxWound tests for several antibiotic resistance genes 
associated with bacteria that typically cause SSTIs. Clinicians can 
use these results to help them quickly target antibiotic therapy, 
ideally within that important 48 hour window. 

MecA gene

The mecA gene is associated with Staphylococcus species, 
including Staphylococcus aureus, Staphylococcus lugdunensis 
and Staphylococcus epidermidis.2 The mecA gene mediates 
oxacillin/methicillin resistance and is associated with resistance 
to most ß–lactams with the exception of cephalosporins with 
anti-MRSA activity.2-4 Methicillin-resistant Staphylococcus aureus 
(MRSA) is a major public health threat.1 For more information, 
please see the clinical bulletin titled “DxWound  
Staphylococcus tests.” 

Carbapenemase genes 

The carbapenemase genes generally mediate resistance to 
ß-lactams, including carbapenems.5-7 The carbapenemase 
genes included in DxWound have been found in Acinetobacter, 
Pseudomonas14,15, and Enterobacteriaceae,6,16-19 such as 
Citrobacter freundii, Enterobacter aerogenes, Enterobacter 
cloacae, Escherichia coli, Klebsiella oxytoca, Klebsiella 
pneumoniae, Proteus mirabilis, and Proteus vulgaris. The 
DxWound carbapenemase genes have also been found less 
frequently in other bacteria genera.14,15,20 Carbapenemase-
producing organisms are rare but considered a major public 
health threat.1 

Extended-spectrum ß-lactamase (ESBL) genes 

The ESBL genes included in DxWound are commonly associated 
with Enterobacteriaceae, such as Citrobacter freundii, 
Enterobacter aerogenes, Enterobacter cloacae, Escherichia 
coli, Klebsiella oxytoca, Klebsiella pneumoniae, Proteus 
mirabilis and Proteus vulgaris, but have also been found in 
other bacteria genera.17,18,20-22 The ESBL genes generally confer 
resistance to ß-lactams except carbapenems.8 ESBL-producing 
Enterobacteriaceae are a major public health threat.1

Erm genes

ermA and ermB genes have been found in Staphylococcus, 
Streptococcus, Enterococcus, and in a broad range of other 
bacterial genera.9,23 They mediate resistance to macrolides 
(e.g., azithromycin), clindamycin and quinupristin/dalfopristin.9,10 
Clindamycin-resistant Group B Streptococcus and Erythromycin-
resistant Group A Streptococcus are public health threats.1 For 
ermB testing, in order to identify potential clindamycin-resistant 
Group B Streptococcus and erythromycin-resistant Group A 
Streptococcus, Enterococcus faecium and Enterococcus faecalis 
tests may also be useful, since ermB is commonly found in 
Enterococcus species. 

vanA and vanB

vanA and vanB mediate resistance to vancomycin and 
are associated with Enterococcus and very rarely with 
Staphylococcus species.11,12 Vancomycin-resistant Enterococcus 
(VRE) and Vancomycin-resistant Staphylococcus aureus (VRSA) 
are public health threats.1 

 

 

Test Interpretation
These tests indicate whether specific antibiotic resistance genes are detected in the wound specimen. The DxWound report provides 
information about the association of the detected antibiotic resistance gene to the specific antibiotic or antibiotic classes that may be 
affected. In addition, the report indicates when a potential antibiotic resistant organism may be present, based on the detection of 

Table 2. Antibiotic Resistance Genes included  
in DxWound

Gene Alleles Tested Resistance Type

mecA mecA
Oxacillin/Methicillin 
Resistance2-4

IMP IMP-1,-3,-4,-6,-10,-25,-26

Carbapenemase5-7

KPC KPC-1 through -11

NDM NDM-1, -2

OXA-48 group OXA-48, -162, -163, -181

SME SME-1, -2, -3

VIM VIM-1 through -26 (except 
-7, -21, -22)

CTX-M CTX-M groups -1 (37 
alleles) and -9 (40 alleles) Extended Spectrum 

ß-Lactamase (ESBL)8

SHV All known alleles 

ermA, ermB ermA, ermB Macrolide-Lincosamide-
Streptogramin B Resistance9, 10

vanA, vanB vanA, vanB Vancomycin Resistance11, 12



CogenDx is a brand of Millennium Health, LLC. The CogenDx logo is a service mark or registered service mark of Millennium Health, LLC or its subsidiaries in the United States and other countries. All other 
trademarks used herein are the property of their respective owners. 
DXW-022-V05 © 2018 Millennium Health, LLC 06/2018

specific organisms with the antibiotic resistance genes. For example, when mecA is detected, the report states that if the wound is also 
positive for Staphylococcus aureus, then MRSA may be present. In another example, when KPC is detected, the report states that if 
the wound is also positive for Citrobacter freundii, Enterobacter aerogenes, Enterobacter cloacae, Escherichia coli, Klebsiella oxytoca, 
Klebsiella pneumoniae or Proteus mirabilis/vulgaris, then carbapenem resistant Enterobactericeae may be present. 

Clinically, these test results may help clinicians quickly target antibiotic therapy. It is important to note that these tests do not detect all 
known antibiotic resistance mechanisms, nor do they definitively identify which organism is associated with the antibiotic resistance gene.

Limitations
 � These tests detect the presence of genes and do not detect whether the genes are expressed.

 � These tests do not detect all known antibiotic resistance mechanisms, nor do they identify with which organism an antibiotic 
resistance gene is associated. It is possible that an antibiotic resistance gene is associated with an organism that is not included in 
the test.

 � Acinetobacter baumannii has a high frequency of multidrug-resistance, usually caused by mechanisms not detected by this test. 

 � The SHV test does not differentiate between narrow-spectrum and extended-spectrum beta-lactamase genes.

 � The ability to detect target organisms depends on the proper collection and handling of the wound swab specimen. Variation in 
specimen quality may occur due to poor collection technique, lack of bioburden, or substances applied to the SSTI/wound that 
interfere with the test, as well as specimen contamination due to non-sterile procedures. 

 � The DxWound Genetic Analysis Report does not make recommendations for treatment. All test results should be evaluated in the 
context of the patient’s individual clinical presentation. 

Technical Assistance
For technical assistance with interpretation or to speak with 
one of our clinical support specialists, scientists, or clinical 
pharmacists, please call Client Services at 877.866.0603, Monday 
– Friday 5:00am to 5:00pm (Pacific Time).

Reporting
All test results are reported, generally, within 1 business day of 
specimen receipt. These results are available in the online portal 
as a DxWound Report. 

How to Order
Using a CogenDx test requisition (paper or electronic), medically 
necessary tests are ordered by individual test based on patient-
specific elements identified during the clinical assessment and 
documented in the patient’s medical record by the provider. 

Submit swab specimen in the collection device provided 
according to the directions in the Specimen Collection Manual. A 
completed Documentation for DxWound Testing form is required 
with each order.

References
1. Centers for Disease Control and Prevention, Antibiotic Resistance 

Threats in the United States, 2013. 2013.
2. Fuda, C., et al., The basis for resistance to beta-lactam antibiotics 

by penicillin-binding protein 2a of methicillin-resistant 
Staphylococcus aureus. J Biol Chem. 2004; 279(39): 40802-6.

3. Saravolatz, L.D., G.E. Stein, and L.B. Johnson, Ceftaroline: a 
novel cephalosporin with activity against methicillin-resistant 
Staphylococcus aureus. Clin Infect Dis. 2011; 52(9):1156-63.

4. David, M.Z., et al., Recently approved antibacterials for MRSA 
and other gram-positive pathogens: the shock of the new. Int J 
Antimicrob Agents. 2017.

5. Antunes, N.T., et al., Class D ß-Lactamases: Are They All 
Carbapenemases? Antimicrobial Agents and Chemotherapy. 
2014; 58(4): p. 2119-2125.

6. Rasheed, J.K., et al., New Delhi metallo-beta-lactamase-producing 
Enterobacteriaceae, United States. Emerg Infect Dis. 2013; 19(6): 
p. 870-8.

7. Queenan, A.M. and K. Bush, Carbapenemases: the versatile beta-
lactamases. Clin Microbiol Rev. 2007; 20(3): 440-58.

8. Tang, S.S., A. Apisarnthanarak, and L.Y. Hsu, Mechanisms of 
beta-lactam antimicrobial resistance and epidemiology of major 
community- and healthcare-associated multidrug-resistant 
bacteria. Adv Drug Deliv Rev. 2014; 78: 3-13.

9. Roberts, M.C., Update on macrolide-lincosamide-streptogramin, 
ketolide, and oxazolidinone resistance genes. FEMS Microbiol 
Lett. 2008. 282(2): 147-59.

10. Fyfe, C., et al., Resistance to Macrolide Antibiotics in Public Health 
Pathogens. Cold Spring Harb Perspect Med. 2016; 6(10).

11. Courvalin, P., Vancomycin resistance in gram-positive cocci. Clin 
Infect Dis. 2006; 42 Suppl 1: S25-34.

12. Gold, H.S., Vancomycin-resistant enterococci: mechanisms and 
clinical observations. Clin Infect Dis. 2001;33(2): 210-9.

13. Amin, A.N., et al., Hospitalist perspective on the treatment of skin 
and soft tissue infections. Mayo Clin Proc. 2014. 89(10): 1436-51.

14. Pitout, J.D., et al., Molecular epidemiology of metallo-beta-
lactamase-producing Pseudomonas aeruginosa in the Calgary 
Health Region: emergence of VIM-2-producing isolates. J Clin 
Microbiol. 2007;45(2):294-8.

15. Laupland, K.B., et al., Population-based epidemiological study 
of infections caused by carbapenem-resistant Pseudomonas 
aeruginosa in the Calgary Health Region: importance of metallo-
beta-lactamase (MBL)-producing strains. J Infect Dis. 2005; 
192(9): 1606-12.

16. Guh, A.Y., B.M. Limbago, and A.J. Kallen, Epidemiology and 
prevention of carbapenem-resistant Enterobacteriaceae in the 
United States. Expert Rev Anti Infect Ther. 2014; 12(5): 565-80.

17. Castanheira, M., et al., Prevalence of beta-lactamase-encoding 
genes among Enterobacteriaceae bacteremia isolates collected 
in 26 U.S. hospitals: report from the SENTRY Antimicrobial 
Surveillance Program (2010). Antimicrob Agents Chemother. 
2013;57(7): 3012-20. 

18. Castanheira, M., et al., Contemporary diversity of beta-lactamases 
among Enterobacteriaceae in the nine U.S. census regions and 
ceftazidime-avibactam activity tested against isolates producing 
the most prevalent beta-lactamase groups. Antimicrob Agents 
Chemother. 2014; 58(2): p. 833-8.

19. Center for Disease Control and Prevention, Detection of 
Enterobacteriaceae isolates carrying metallo-beta-lactamase 
- United States, 2010. MMWR Morb Mortal Wkly Rep. 2010; 
59(24): p. 750.

20. Potron, A., L. Poirel, and P. Nordmann, Emerging broad-spectrum 
resistance in Pseudomonas aeruginosa and Acinetobacter 
baumannii: Mechanisms and epidemiology. Int J Antimicrob 
Agents. 2015; 45(6): p. 568-85.

21. Hoban, D.J., et al., Antimicrobial susceptibility of 
Enterobacteriaceae, including molecular characterization of 
extended-spectrum beta-lactamase-producing species, in 
urinary tract isolates from hospitalized patients in North America 
and Europe: results from the SMART study 2009-2010. Diagn 
Microbiol Infect Dis. 2012; 74(1): 62-7.

22. Hoban, D.J., et al., In vitro susceptibility and distribution of 
beta-lactamases in Enterobacteriaceae causing intra-abdominal 
infections in North America 2010-2011. Diagn Microbiol Infect 
Dis. 2014; 79(3): 367-72.

23. Roberts, M.C., et al., Nomenclature for macrolide and macrolide-
lincosamide-streptogramin B resistance determinants. Antimicrob 
Agents Chemother. 1999; 43(12): 2823-30.

Contact CogenDx to learn more.

Client Services: 877.866.0603

cogendx.com


