
Frequency of Disinfectant Resistance Genes in Pediatric Strains of Methicillin-Resistant
Staphylococcus aureus • 
Author(s): James G. Johnson, MD, MPH; Elizabeth J. Saye, MS; Natalia Jimenez-Truque, PhD,
MSCI; Nicole Soper, MT; Isaac Thomsen, MD; Thomas R. Talbot, MD, MPH; C. Buddy Creech,
MD, MPH
Source: Infection Control and Hospital Epidemiology, Vol. 34, No. 12 (December 2013), pp.
1326-1327
Published by: The University of Chicago Press on behalf of The Society for Healthcare Epidemiology of
America
Stable URL: http://www.jstor.org/stable/10.1086/673983 .

Accessed: 18/11/2013 10:06

Your use of the JSTOR archive indicates your acceptance of the Terms & Conditions of Use, available at .
http://www.jstor.org/page/info/about/policies/terms.jsp

 .
JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of
content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms
of scholarship. For more information about JSTOR, please contact support@jstor.org.

 .

The University of Chicago Press and The Society for Healthcare Epidemiology of America are collaborating
with JSTOR to digitize, preserve and extend access to Infection Control and Hospital Epidemiology.

http://www.jstor.org 

This content downloaded from 129.59.115.8 on Mon, 18 Nov 2013 10:06:14 AM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/action/showPublisher?publisherCode=ucpress
http://www.jstor.org/action/showPublisher?publisherCode=shea
http://www.jstor.org/action/showPublisher?publisherCode=shea
http://www.jstor.org/stable/10.1086/673983?origin=JSTOR-pdf
http://www.jstor.org/page/info/about/policies/terms.jsp
http://www.jstor.org/page/info/about/policies/terms.jsp


1326 infection control and hospital epidemiology december 2013, vol. 34, no. 12

figure 1. Presence of disinfectant resistance genes smr and qac A/
B by methicillin-resistant Staphylococcus aureus pulse type. Non-
USA300 isolates were more likely than USA300 isolates to harbor
smr or qacA/B ( ).P p .0175
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Frequency of Disinfectant Resistance Genes
in Pediatric Strains of Methicillin-Resistant
Staphylococcus aureus

Resistance to chlorhexidine gluconate (CHG) and quaternary
ammonium compounds (QACs) is a potential public health
threat, given widespread use of these agents for routine hos-
pital cleaning, skin antisepsis, and patient decolonization.1-3

Development of tolerance to CHG and QACs among meth-
icillin-resistant Staphylococcus aureus (MRSA) isolates can be
mediated by energy-dependent multidrug efflux proteins,
which show increased expression in response to selective pres-
sure from disinfectant use.4 Plasmid-encoded efflux pump
genes qac A/B and smr confer tolerance to both CHG and
QACs, along with other compounds, including intercalating
dyes and cationic biocides.5,6 The efflux pump genes qac A/
B and smr have been found in MRSA isolates with varying
frequencies globally, mostly in tertiary care adult and pediatric
populations.6 Here we describe an evaluation of pediatric
clinical MRSA isolates for the presence of disinfectant resis-
tance genes qac A/B and smr and for tolerance to CHG.

Two hundred eighty-one clinical pediatric MRSA isolates
from 2004 through 2009 were selected randomly from the
Vanderbilt Children’s Hospital MRSA Repository, a de-iden-
tified collection of unique MRSA isolates obtained from
emergency room or hospitalized general pediatric patients
with MRSA infection. The MRSA Repository is approved by
the Vanderbilt Institutional Review Board and maintained as
a de-identified data set with limited clinical information. All
isolates were identified by the Vanderbilt University Hospital
Laboratory according to Clinical and Laboratory Standards
Institute standards prior to repository transfer.

Isolates were cultured overnight on blood agar at 37�C,
and purified genomic DNA was used as a template for
repetitive-element, sequence-based polymerase chain reaction
to determine genetic classification of strains (DiversiLab Sys-
tem, BioMérieux). Plasmid-encoded qac A/B and smr genes

were evaluated by polymerase chain reaction using previously
published primers.7,8 Minimum bactericidal concentrations
(MBCs) of a randomly selected subset of 5 qac A/B and 5
smr positive MRSA strains, along with 5 randomly selected
negative controls, were determined by broth microdilution
methods using 20% w/v chlorhexidine digluconate solution
(Sigma-Aldrich).1 A Fisher exact test was performed to de-
termine statistical significance.

Of the 281 isolates identified in the repository, 201 isolates
(71.5%) belonged to USA300, the current epidemic clone in
the United States. Of the remainder, 31 isolates (11.0%) be-
longed to USA100, 31 isolates (11.0%) belonged to USA500,
and 18 isolates (6.4%) were other pulse types. Genes for qac
A/B or smr were detected in 18.5% of isolates (52/281); 13.9%
contained smr only, 4.3% harbored qac A/B, and 1 isolate
contained both smr and qacA/B. Non-USA300 MRSA isolates
were significantly more likely to harbor qac A/B or smr genes
than USA300 MRSA isolates (Figure 1; ). MBCP p .0175
testing of 15 MRSA isolates (5 negative controls, 5 qac A/B
positive, and 5 smr positive) in serial dilutions of CHG
showed that all 15 isolates had MBCs less than 16 mg/mL,
well below the recommended in-use concentration of 2,000
mg/mL.6 No significant differences in MBC were noted be-
tween qac A/B or smr positive isolates and negative controls.

We found a moderate prevalence of plasmid-encoded dis-
infectant resistance genes (18.5%) in this random sample of
pediatric MRSA isolates, similar to other studies in US pediatric
populations.9 In our study, pediatric isolates belonging to
USA300, the pulse type associated with the community-asso-
ciated MRSA epidemic, were less likely than non-USA300
MRSA isolates to possess disinfectant resistance genes. Nearly
15% of the USA300 strains, however, also harbored genes for
efflux pumps capable of conferring tolerance to CHG. This
was an unexpected finding, given the USA300 clone’s predom-
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inant association with community-onset MRSA infection, since
CHG is considered a healthcare-associated exposure.

This study has limited generalizability because it represents
a single-center study that may not apply to other geographic
regions. The de-identified nature of the data set attached to
the MRSA repository did not allow for evaluation of the
emergence of disinfectant resistance genes over time or eval-
uation of the relationship of disinfectant resistance genes to
specific MRSA infections, such as device-associated infection.

CHG has gained an increasing role in the infection pre-
vention arsenal for reducing healthcare-associated infections,
and CHG resistance threatens current infection prevention
efforts directed against multidrug-resistant organisms. CHG
is widely used for surgical antisepsis, and daily bathing of
critically ill patients with CHG is commonplace. The Ran-
domized Evaluation of Decolonization vs Universal Clearance
to Eliminate (REDUCE) MRSA trial showed that universal
decolonization using nasal mupirocin and bathing with CHG
significantly reduced rates of bloodstream infections in the
community intensive care unit setting.3 The popularity of
universal decolonization strategies will further increase the
use of CHG in hospital settings. Thus, it is important to
consider the mechanisms by which MRSA might survive CHG
exposure in the clinical setting.

S. aureus possesses both chromosomal and plasmid-
mediated efflux pumps capable of targeting a wide range of
compounds, from antimicrobials to disinfectants. Previous
evaluations of CHG bactericidal activity against qac A/B gene-
positive MRSA strains have shown evidence of increased tol-
erance to CHG with elevated MBC in those strains.1,6 Another
study showed increased tolerance and overexpression of S.
aureus efflux pumps in association with exposure to disin-
fectants.4 Our limited evaluation of bactericidal activity
showed no evidence of increased MBC in qac A/B or smr
positive isolates. Reassuringly, no MRSA isolates harboring
phenotypic CHG resistance have been reported to date.

In summary, this report demonstrates a moderate preva-
lence of disinfectant resistance genes in a pediatric population
in both USA300 and non-USA300 MRSA isolates. Non-
USA300 isolates were significantly more likely to harbor dis-
infectant resistance genes. Ongoing evaluation of genotypic
and phenotypic CHG resistance will help gauge the effec-
tiveness of future infection prevention efforts utilizing CHG.

acknowledgments

Financial support. Funding for this project was obtained internally from
the Vanderbilt Center for Clinical and Translational Research through Clinical
and Translational Science Award UL1TR000445 from the National Center
for Advancing Translational Sciences.

Potential conflicts of interest. All authors report no conflicts of interest
relevant to this article. All authors submitted the ICMJE Form for Disclosure
of Potential Conflicts of Interest, and the conflicts that the editors consider
relevant to this article are disclosed here.

James G. Johnson, MD, MPH;1 Elizabeth J. Saye, MS;2

Natalia Jimenez-Truque, PhD, MSCI;2 Nicole Soper, MT;2

Isaac Thomsen, MD;2 Thomas R. Talbot, MD, MPH;1

C. Buddy Creech, MD, MPH2

Affiliations: 1. Department of Medicine, Division of Infectious Diseases,
Vanderbilt University School of Medicine, Nashville, Tennessee; 2. Depart-
ment of Pediatrics, Division of Pediatric Infectious Diseases, Vanderbilt Uni-
versity School of Medicine, Nashville, Tennessee.

Address correspondence to James G. Johnson, MD, MPH, University Med-
ical Group Infectious Diseases, 890 West Faris Road, Suite 520, Greenville,
SC 29605 (james.g.johnson.iv@gmail.com).

Received June 13, 2013; accepted August 18, 2013; electronically published
October 28, 2013.
Infect Control Hosp Epidemiol 2013;34(12):1326-1327
� 2013 by The Society for Healthcare Epidemiology of America. All rights
reserved. 0899-823X/2013/3412-0016$15.00. DOI: 10.1086/673983

references

1. Batra R, Cooper BS, Whiteley C, Patel AK, Wyncoll D, Edgeworth
JD. Efficacy and limitation of a chlorhexidine-based decoloni-
zation strategy in preventing transmission of methicillin-resistant
Staphylococcus aureus in an intensive care unit. Clin Infect Dis
2010;50(2):210–217.

2. Lee AS, Macedo-Vinas M, Francois P, et al. Impact of combined
low-level mupirocin and genotypic chlorhexidine resistance on
persistent methicillin-resistant Staphylococcus aureus carriage after
decolonization therapy: a case-control study. Clin Infect Dis 2011;
52(12):1422–1430.

3. Huang SS, Septimus E, Kleinman K, et al. Targeted versus uni-
versal decolonization to prevent ICU infection. N Engl J Med
2013;368(24):2255–2265.

4. Huet AA, Raygada JL, Mendiratta K, Seo SM, Kaatz GW. Mul-
tidrug efflux pump overexpression in Staphylococcus aureus after
single and multiple in vitro exposures to biocides and dyes. Mi-
crobiology 2008;154:3144–3153.

5. Longtin J, Seah C, Siebert K, et al. Distribution of antiseptic
resistance genes qacA, qacB, and smr in methicillin-resistant
Staphylococcus aureus isolated in Toronto, Canada, from 2005 to
2009. Antimicrob Agents Chemother 2011;55(6):2999–3001.

6. McGann P, Kwak YI, Summers A, Cummings JF, Waterman PE,
Lesho EP. Detection of qacA/B in clinical isolates of methicillin-
resistant Staphylococcus aureus from a regional healthcare network
in the eastern United States. Infect Control Hosp Epidemiol 2011;
32(11):1116–1119.

7. Darouiche RO, Mansouri MD, Gawande PV, Madhyastha S. Ef-
ficacy of combination of chlorhexidine and protamine sulphate
against device-associated pathogens. J Antimicrob Chemother
2008;61(3):651–657.

8. Vali L, Davies SE, Lai LL, Dave J, Amyes SG. Frequency of biocide
resistance genes, antibiotic resistance and the effect of chlorhex-
idine exposure on clinical methicillin-resistant Staphylococcus au-
reus isolates. J Antimicrob Chemother 2008;61(3):524–532.

9. McNeil JC, Hulten KG, Kaplan SL, Mahoney DH, Mason EO.
Staphylococcus aureus infections in pediatric oncology patients:
high rates of antimicrobial resistance, antiseptic tolerance and
complications. Pediatr Infect Dis J 2013;32(2):124–128.

This content downloaded from 129.59.115.8 on Mon, 18 Nov 2013 10:06:14 AM
All use subject to JSTOR Terms and Conditions

mailto:james.g.johnson.iv@gmail.com
http://www.jstor.org/page/info/about/policies/terms.jsp

