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ABSTRACT Treatment of suspected methicillin-resistant Staphylococcus aureus (MRSA)
is a cornerstone of severe diabetic foot infections; however, antibiotics can be associated
with toxicity. The objective of this study was to determine the negative predictive value
(NPV) of MRSA nares screening in the determination of subsequent MRSA in patients
with a diabetic foot infection. This was a retrospective cohort study across Veterans Af-
fairs (VA) medical centers from 1 January 2007 to 1 January 2018. Data from patients
with an International Classification of Diseases (ICD) code for a diabetic foot infection
with MRSA nares screening, and subsequent cultures were evaluated for the presence of
MRSA. NPVs were calculated for the entire cohort, as well as for a subgroup represent-
ing deep cultures. Additionally, the distribution of all pathogens isolated from diabetic
foot infections was determined. A total of 8,163 episodes were included in the analysis
for NPV. The NPV of MRSA nares screening for MRSA diabetic foot infection was 89.6%.
For the deep cultures, the NPV was 89.2%. The NPV for cultures originating from the
foot was 89.7%, and the NPV for those originating from the toe was 89.4%. There were
17,822 pathogens isolated from the diabetic foot cultures. MRSA was isolated in 7.5% of
cultures, and methicillin-susceptible S. aureus was isolated in 24.8%. Enterococcus was
identified in 14.7% of cultures, Proteus in 7.3%, and Pseudomonas in 6.8% of cultures.
Given the high NPVs, the use of MRSA nares screening may be appropriate as a stew-
ardship tool for deescalation and avoidance of empirical anti-MRSA therapy in patients
who are not nasal carries of MRSA.
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Diabetes affects 9.4% of the population in the United States, which equates to about
30.3 million individuals (1). In 2014, there were 108,000 lower-extremity amputa-

tions due to diabetes (1). Coverage of methicillin-resistant Staphylococcus aureus
(MRSA) is a foundation of many empirical antibiotic regimens (2, 3). Guidelines recom-
mend empirical MRSA coverage in patients who have had MRSA previously, if the local
incidence of MRSA is high, or if the infection is severe (4).

Studies have indicated that MRSA can infect 15% to 30% of diabetic foot ulcers (5).
A small study performed in Texas found that even though only 15% of patients with
diabetic foot infections had a positive MRSA culture, as much as 86% of the sample
received antibiotics that covered MRSA. Vancomycin, which was the antibiotic that was
most frequently prescribed, was given in 78% of all antibiotic regimens (6). There is
toxicity related to the use of antibiotics, especially vancomycin, for empirical MRSA
coverage (7). Safe and effective use of antimicrobial agents is the foremost concern of
antimicrobial stewardship programs (ASP). Patients are often exposed to broad-
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spectrum antibiotics, including vancomycin, potentially putting them at risk for adverse
effects and resistance (8).

The MRSA Preventative Initiative was begun in 2007 by the Department of Veterans
Affairs (VA). It consists of MRSA nares screening at admission, transfers, and discharge
(9). In 2010, 96% of patients were screened at admission (9).

The objective of this study was to determine, using a large national database, if the
absence of MRSA nasal carriage predicts the absence of MRSA in cultures from patients
with diabetic foot infections.

RESULTS
Characteristics of facilities and patients. This cohort yielded 8,163 unique epi-

sodes in 5,403 patients with cultures taken from below the ankle. Fifty-six percent of
episodes had an International Classification of Diseases code of 9 (ICD-9) for a diabetic
foot infection, and 44% had an ICD-10 code. Nasal screening was performed via PCR in
72.3% of the cohort and by standard culture techniques in 27.7%. The majority (98.9%)
of the population were men. The mean age of the cohort was 65.0 � 9.2 years. A
positive screen for nares MRSA occurred in 17.8% of the cohort.

There were 17,822 isolates from the 5,403 patients. MRSA was identified in 7.5%
(n � 1,345). Methicillin-susceptible S. aureus (MSSA) was identified in 24.8% (n � 4,420).
There were 50 other isolates besides S. aureus identified in our cohort. Coagulase-
negative Staphylococcus was identified in 11.5%, Enterococcus in 14.7%, Escherichia in
4.9%, Klebsiella in 3.1%, Morganella in 2.5%, Proteus in 7.4%, Pseudomonas in 6.9%, and
Streptococcus in 5.1%.

The negative predictive value (NPV) of MRSA nares screening for excluding MRSA
infection in any diabetic foot infection was 89.6% for the whole cohort (Table 1). The
NPV was 89.2% for those with deep cultures, whereas the NPV was 90.3% for those with
superficial cultures. The NPV was 89.7% for cultures originating from the foot and was
89.4% for those originating from the toe. Cultures from the foot accounted for 68% of
the cultures, and cultures from the toe accounted for 32% of the cultures.

Geography did not alter the NPVs for the cohorts. The Northeast cohort had an NPV
of 89.5%, the South cohort an NPV of 89.0%, the Midwest cohort an NPV of 90.8%, and
the West cohort an NPV of 89.4%. We also examined the predictive values based on
time frame to determine if there were any differences in the early years of MRSA nares
screening. The NPV was 90.1% in 2007 to 2012, and the NPV was 89.3% in 2013 to 2018.
Finally, duplicates were removed and each patient was included in the analysis only
once. This yielded an NPV of 90.3%. Positive predictive values (PPVs) ranged from 43%
to 53%; thus, the presence of MRSA on a nares swab does not indicate the patient
would have MRSA in subsequent clinical cultures.

DISCUSSION

Our nationwide study included a large cohort of patients with a diabetic foot
infection who had a MRSA nares surveillance swab and a subsequent culture within

TABLE 1 Efficacy characteristics of MRSA nares screening for diabetic foot infections

Screening
parameter

No. of
isolates % sensitivity % specificity PPV NPV

Whole cohort 8,163 50.2 89 48.7 89.6
Deep culture 5,499 48.8 89.2 48.7 89.2
Superficial culture 2,664 53.2 88.6 48.7 90.3
Northeast 1,190 53.4 89.6 53.7 89.5
South 2,727 50.4 87.4 46.4 89.0
Midwest 1,658 54.1 91.9 57.8 90.8
West 2,588 45.7 88.6 43.6 89.4
2007–2012 2,947 53.4 86.4 44.5 90.1
2013–2018 5,216 48.5 90.5 51.7 89.3
Culture from foot 5,563 51.2 88.2 47.4 89.7
Culture from toe 2,600 48.2 90.7 51.9 89.4
Duplicates removed 5,403 51.8 90.0 51.0 90.3
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7 days of the nares swab. These data confirmed that a negative MRSA nares swab result
was consistently associated with NPVs of approximately 90% representing the absence
of clinical MRSA infection across cultures from below the ankle. This suggests that a
negative MRSA nares screen done within 7 days of the clinical culture can be used to
deescalate or avoid the use of empirical anti-MRSA agents for treatment of patients
with a diabetic foot infection who are not critically ill.

Studies have indicated that MRSA is the causative pathogen in 15% to 30% of
diabetic foot infections (5, 6). Surprisingly, the rate of MRSA was much lower in our
veteran population (7.5%). MSSA was the pathogen most frequently isolated in our
cohort. Similarly, one study found that the overall incidence of MRSA was 15% and that,
given the low likelihood of MRSA infection, vancomycin and other anti-MRSA antibi-
otics were overused. In that study, 86% of patients received antibiotics directed against
MRSA, resulting in a 71% rate of unnecessary anti-MRSA therapy (6).

Another small study found that prior diagnosis of MRSA infection was associated
with a higher likelihood of MRSA diabetic foot infection. In that study, patients who
were found to have MRSA in their diabetic foot wound were more likely to have had
a prior infection with MRSA (15% versus 6%; P � 0.04) (6). A recent large cohort study
of veterans found similar NPVs for all wound sites. That study included 136,078 wound
isolates and reported a 90.4% NPV when only the first isolate was included in the
calculation (10). That study was not, however, specific to patients with diabetic foot
infections.

MSSA, Enterococcus, coagulase-negative Staphylococcus, MRSA, Proteus, Pseudomo-
nas, Streptococcus, Escherichia, Klebsiella, and Morganella were the most prevalent
pathogens identified in veterans with diabetic foot infections. Similarly to other studies,
S. aureus was the pathogen most commonly isolated in our study (11, 12, 13). Culturing
diabetic foot infections can be challenging, and such infections are often polymicrobial,
involving both aerobic and anaerobic bacteria (14). Cultures should ideally be obtained
from tissue, since results obtained using tissue samples are more reliable than those
obtained using swabs (11, 14). In our study, we distinguished deep cultures (cultures
taken from an abscess, fluid, surgical sample, aspirates, or bone culture) from superficial
cultures (cultures taken from any other site such as via a swab). The NPV calculated for
“nonsterile” isolates (89.6%) for the absence of MRSA in patients who were not
colonized with MRSA was not different from that calculated for isolates taken via deep
culture (89.2%).

Less than 20% of the population carried MRSA in the nares, and MRSA accounted for
less than 10% of infections in the cohort. According to the results of a study that was
performed between 2001 and 2002, the rates of prevalence of colonization with S.
aureus and MRSA in nonhospitalized patients were 31.6% and 0.84%, respectively (15).
MRSA infections have substantial morbidity and mortality, making empirical anti-MRSA
treatment a foundation of many severe diabetic foot infection regimens (16). This
empirical antibiotic use is not benign. Vancomycin is associated with nephrotoxicity—
particularly when coupled with the presence of other nephrotoxic agents or
piperacillin-tazobactam (7). Vancomycin is also problematic regarding its variable phar-
macokinetics and tedious monitoring. The use of MRSA nares screening to detect
colonization can be an impactful stewardship tool to deescalate or avoid empirical
anti-MRSA therapy in patients with diabetic foot infections who are not colonized
nasally with MRSA.

This study had several limitations. Deep culture was classified based on culture
labels and free text culture comments, and those classifications may have introduced
misclassification bias. Our methodology may have neglected some true infections that
were taken from nonsterile sites. Data from patients who were colonized with MRSA in
other body sites, such as the rectum and axilla, would not have been captured by this
study. Additionally, we could not determine if the patient had been recently decolo-
nized. This study was done in inpatients with diabetic foot infections, and all outpa-
tients were excluded.
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Conclusion. The results from this study suggest that a negative MRSA nares swab,
taken within 7 days of culture, is useful to predict the absence of MRSA in a subsequent
culture from a diabetic foot infection. Stewardship teams may use this information to
avoid the use of or deescalate anti-MRSA therapy in non-critically ill patients.

MATERIALS AND METHODS
Setting. In October 2007, all VA inpatient facilities were directed to obtain an anterior nares swab

screening for MRSA carriage from every patient who gave consent upon admission, transfers between
units, and discharge. The use of PCR testing for MRSA enabled swift identification of MRSA carriers. When
PCR was unavailable, culture was done using chromogenic agar. Admission swabs were taken from both
anterior nares of each veteran within 24 h, and the results were reported directly to the nursing units (9).
These data are stored in the Department of Veterans Affairs’ Corporate Data Warehouse (CDW), which
houses VA patient medical data. Information was comprised of 121 station numbers, which is the
methodology by which the VA classifies facilities or groups of facilities.

Informatics approach. Patients who had had MRSA nares screening performed upon admission or
at transfer were identified in the CDW using Structured Query Language (SQL) via the use of the SQL
Server Management Studio (SSMS). Data collection and analysis were conducted on the VA Informatics
and Computing Infrastructure (VINCI) workspace. Acquisition and analysis of these data were approved
by National Data Systems and the VA Western New York Healthcare System Institutional Review Board.

Patient selection. VA patients 18 years of age or older who were tested for MRSA nares colonization
upon admission or transfer to a VA inpatient facility between 1 January 2007 and 1 January 2018 were
included in the cohort. Transfer cultures were used if the collection time was closer to the collection time
of a clinical culture. Each patient had an ICD code consistent with diabetic foot infection. The ICD-9 and
ICD-10 codes for diabetic foot infection are 250.8 and 11.621, respectively.

Identification of culture-confirmed MRSA infections. Clinical cultures were identified in the CDW.
All culture results were classified by collection site as those likely collected via superficial culture or those
taken via deep culture. A positive MRSA culture was defined as a culture obtained after but within 7 days
of the time of MRSA nasal swab collection. If MRSA was present in a mixed culture, the MRSA isolate was
included preferentially over the other organisms for calculation of the NPV. For determination of the
distributions of cultured organisms, all organisms were included. For the purpose of this study, those
cultures that included abscess, fluid, surgical, aspirate, and bone culture samples were considered deep
cultures. Free text comment fields were manually reviewed to define the anatomical site of the culture.

Geography of diabetic foot infections. The Northeast cohort represented the following geographic
regions: Maine, New Hampshire, Vermont, Massachusetts, Rhode Island and Providence Plantations,
Connecticut, New York, New Jersey, and Pennsylvania.

The South cohort represented the following geographic regions: Maryland, Delaware, West Virginia,
Virginia, Kentucky, North Carolina, Tennessee, Arkansas, Oklahoma, South Carolina, Georgia, Alabama,
Mississippi, Louisiana, Texas, Florida, and Puerto Rico.

The Midwest cohort represented the following geographic regions: Ohio, Michigan, Indian, Illinois,
Wisconsin, Minnesota, Iowa, Missouri, North Dakota, South Dakota, Nebraska, and Kansas.

The West cohort represented the following geographic regions: Montana, Idaho, Washington,
Wyoming, Oregon, Colorado, Utah, Nevada, California, New Mexico, and Arizona.

Statistics. The NPVs were calculated to evaluate the use of the MRSA nasal swab in predicting the
absence of MRSA in a clinical culture. NPVs, PPVs, sensitivity, and specificity were calculated for the entire
cohort, for deep cultures, for superficial cultures, for the geographic regions listed above, and for the time
frames of 2007 to 2012 and 2013 to 2018. They were also calculated for cultures originating from the foot
and for cultures originating from the toe. Duplicates were removed for the final analysis of NPV; only the
first isolate (in chronological order) was included. Statistics analyses were conducted using JMP Pro
version 12.

ACKNOWLEDGMENTS
This material is the result of work supported with resources provided by and use of

facilities at the Veterans Affairs Western New York Healthcare System. The contents of
the manuscript are not intended to represent the views of the Department of Veterans
Affairs or the United States government.

We report no conflicts of interest.
This research was not funded.

REFERENCES
1. Centers for Disease Control and Prevention. 2017. National diabetes

statistics report, 2017. Centers for Disease Control and Prevention, At-
lanta, GA.

2. Kalil AC, Metersky ML, Klompas M, Muscedere J, Sweeney DA, Palmer LB,
Napolitano LM, O’Grady NP, Bartlett JG, Carratalà J, El Solh AA, Ewig S,
Fey PD, File TM, Restrepo MI, Roberts JA, Waterer GW, Cruse P, Knight SL,
Brozek JL. 2016. Management of adults with hospital-acquired and

ventilator-associated pneumonia: 2016 clinical practice guidelines by
the Infectious Diseases Society of America and the American Thoracic
Society. Clin Infect Dis 63:e61– e111. https://doi.org/10.1093/cid/ciw353.

3. Stevens DL, Bisno AL, Chambers HF, Dellinger EP, Goldstein EJ, Gorbach
SL, Hirschmann JV, Kaplan SL, Montoya JG, Wade JC, Infectious Diseases
Society of America. 2014. Practice guidelines for the diagnosis and
management of skin and soft tissue infections: 2014 update by the

Mergenhagen et al. Antimicrobial Agents and Chemotherapy

April 2020 Volume 64 Issue 4 e02213-19 aac.asm.org 4

https://doi.org/10.1093/cid/ciw353
https://aac.asm.org


Infectious Diseases Society of America. Clin Infect Dis 59:e10 – e52.
https://doi.org/10.1093/cid/ciu296.

4. Lipsky BA, Berendt AR, Cornia PB, Pile JC, Peters EJ, Armstrong DG, Deery
HG, Embil JM, Joseph WS, Karchmer AW, Pinzur MS, Senneville E, Infec-
tious Diseases Society of America. 2012. 2012 Infectious Diseases Society
of America clinical practice guideline for the diagnosis and treatment of
diabetic foot infections. Clin Infect Dis 54:e132– e173. https://doi.org/10
.1093/cid/cis346.

5. Eleftheriadou I, Tentolouris N, Argiana V, Jude E, Boulton AJ. 2010.
Methicillin-resistant Staphylococcus aureus in diabetic foot infections.
Drugs 70:1785–1797. https://doi.org/10.2165/11538070-000000000-00000.

6. Reveles KR, Duhon BM, Moore RJ, Hand EO, Howell CK. 2016. Epidemi-
ology of methicillin-resistant Staphylococcus aureus diabetic foot infec-
tions in a large academic hospital: implications for antimicrobial stew-
ardship. PLoS One 11:e0161658. https://doi.org/10.1371/journal.pone
.0161658.

7. Hammond DA, Smith MN, Li C, Hayes SM, Lusardi K, Bookstaver PB. 2017.
Systematic review and meta-analysis of acute kidney injury associated
with concomitant vancomycin and piperacillin/tazobactam. Clin Infect
Dis 64:666 – 674. https://doi.org/10.1093/cid/ciw811.

8. Self WH, Wunderink RG, Williams DJ, Zhu Y, Anderson EJ, Balk RA,
Fakhran SS, Chappell JD, Casimir G, Courtney DM, Trabue C, Waterer GW,
Bramley A, Magill S, Jain S, Edwards KM, Grijalva CG. 2016. Staphylococ-
cus aureus community-acquired pneumonia: prevalence, clinical char-
acteristics, and outcomes. Clin Infect Dis 63:300 –309. https://doi.org/10
.1093/cid/ciw300.

9. Jain R, Kralovic SM, Evans ME, Ambrose M, Simbartl LA, Obrosky DS,
Render ML, Freyberg RW, Jernigan JA, Muder RR, Miller LJ, Roselle GA.

2011. Veterans Affairs initiative to prevent methicillin-resistant Staphy-
lococcus aureus infections. N Engl J Med 364:1419 –1430. https://doi
.org/10.1056/NEJMoa1007474.

10. Mergenhagen KA, Starr KE, Wattengel BA, Lesse AJ, Sumon Z, Sellick JA.
1 October 2019, posting date. Determining the utility of methicillin-
resistant Staphylococcus aureus nares screening in antimicrobial stew-
ardship. Clin Infect Dis https://doi.org/10.1093/cid/ciz974.

11. Nelson A, Wright-Hughes A, Backhouse MR, Lipsky BA, Nixon J, Bhogal
MS, Reynolds C, Brown S, CODIFI collaborators. 2018. CODIFI (Concor-
dance in Diabetic Foot Ulcer Infection): a cross-sectional study of wound
swab versus tissue sampling in infected diabetic foot ulcers in England.
BMJ Open 8:e019437. https://doi.org/10.1136/bmjopen-2017-019437.

12. Bader MS. 2008. Diabetic foot infection. Am Fam Physician 78:71–79.
13. Spichler A, Hurwitz BL, Armstrong DG, Lipsky BA. 2015. Microbiology of

diabetic foot infections: from Louis Pasteur to ‘crime scene investiga-
tion’. BMC Med 13:2. https://doi.org/10.1186/s12916-014-0232-0.

14. Wheat LJ, Allen SD, Henry M, Kernek CB, Siders JA, Kuebler T, Fineberg N,
Norton J. 1986. Diabetic foot infections. Bacteriologic analysis. Arch Intern
Med 146:1935–1940. https://doi.org/10.1001/archinte.1986.00360220079017.

15. Graham PL, III, Lin SX, Larson EL. 2006. A U.S. population-based survey of
Staphylococcus aureus colonization. Ann Intern Med 144:318 –325.
https://doi.org/10.7326/0003-4819-144-5-200603070-00006.

16. Jeffres MN, Isakow W, Doherty JA, McKinnon PS, Ritchie DJ, Micek ST,
Kollef MH. 2006. Predictors of mortality for methicillin-resistant Staphy-
lococcus aureus health-care-associated pneumonia: specific evaluation
of vancomycin pharmacokinetic indices. Chest 130:947–955. https://doi
.org/10.1378/chest.130.4.947.

MRSA Nares To Evaluate MRSA Coverage in Diabetic Foot Antimicrobial Agents and Chemotherapy

April 2020 Volume 64 Issue 4 e02213-19 aac.asm.org 5

https://doi.org/10.1093/cid/ciu296
https://doi.org/10.1093/cid/cis346
https://doi.org/10.1093/cid/cis346
https://doi.org/10.2165/11538070-000000000-00000
https://doi.org/10.1371/journal.pone.0161658
https://doi.org/10.1371/journal.pone.0161658
https://doi.org/10.1093/cid/ciw811
https://doi.org/10.1093/cid/ciw300
https://doi.org/10.1093/cid/ciw300
https://doi.org/10.1056/NEJMoa1007474
https://doi.org/10.1056/NEJMoa1007474
https://doi.org/10.1093/cid/ciz974
https://doi.org/10.1136/bmjopen-2017-019437
https://doi.org/10.1186/s12916-014-0232-0
https://doi.org/10.1001/archinte.1986.00360220079017
https://doi.org/10.7326/0003-4819-144-5-200603070-00006
https://doi.org/10.1378/chest.130.4.947
https://doi.org/10.1378/chest.130.4.947
https://aac.asm.org

	RESULTS
	Characteristics of facilities and patients. 

	DISCUSSION
	Conclusion. 

	MATERIALS AND METHODS
	Setting. 
	Informatics approach. 
	Patient selection. 
	Identification of culture-confirmed MRSA infections. 
	Geography of diabetic foot infections. 
	Statistics. 

	ACKNOWLEDGMENTS
	REFERENCES

