
Pseudomonas aeruginosa and MRSA are thought to be frequent pathogens in 
foot infections, however recent literature has estimated the incidence of both to 
be variable based on geographic location (2,9). Our study indicates that PA as 
a cause of foot infections is overall low (9.03%) in the Scripps system, which is 
reflective of the Southern California region. This is consistent with other data 
that have been published in the United States. Citron et al. found that the rate 
of PA in their study was 9.3% in the US while Young et al cited a PA rate of 
4.5% (1,3). In contrast, Ertrugrul et al. in 2017 found that the rate of PA in foot 
infections in Turkey was 25.8% while Saseedharan et al found a rate of 20.9% 
in India (6). Some indicate that PA seems to be more common in African, Asian 
and Indian countries than in Europe or the United States (2). This will be an 
area for future research and we encourage further documentation of this kind in 
various geographic locations to provide a more complete understanding of this 
pathogen in foot infections. Our study indicates that MRSA as a cause of foot 
infections is moderate (17.74%) in the Scripps system. This is on par with a 
recent meta-analysis of foot infections published in 2019 (9).

Univariate analysis in our study indicated that patients with peripheral arterial 
disease and ulcerations located in locations other than the forefoot are 
significantly more likely to have a culture positive for PA. These failed to remain 
significant on multi-variate analysis. For MRSA, univariate analysis indicated 
that those with MRSA are significantly more likely to have a lower ESR, lower 
CRP and are less likely to probe to bone than non-MRSA patients. On 
multivariate analysis, bone involvement as defined by the probe to bone test 
remained significant. 

Empiric anti-Pseudomonal and anti-MRSA antibiotic coverage is prevalent at 
Scripps Health, and the majority of this coverage was unnecessary. Given 
these findings and the infrequency with which these organisms were found in 
blood culture, we recommend that providers forego empiric anti-pseudomonal 
and anti-MRSA coverage for foot infections in the majority of cases, unless 
there are specific risk factors for these organisms based on history and physical 
exam. These data will be utilized to inform antimicrobial stewardship 
opportunities in our healthcare system.
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Is Empiric Coverage Necessary? Incidence of Pseudomonas aeruginosa and Methicillin-
Resistant Staphylococcus aureus in Foot Infections

Foot infections are a substantial burden on the healthcare system worldwide, 
especially diabetic foot infections. Most have been characterized as being 
polymicrobial with Staphylococcal and Streptococcal organisms the most
frequent pathogens (1) although other organisms are frequently encountered. 
Pseudomonas aeruginosa (PA) and Methicillin-resistant Staphylococcus aureus 
(MRSA) have both been reported as common causes of foot infection with 
increasing frequency. With regard to PA, studies have cited the prevalence to be 
between 4-26%, with lower rates in the US (2-7). A recent meta-analysis of 
current literature found the prevalence of MRSA in diabetic foot infections to be 
16.78% (8). 

Despite formal recommendations to only provide empiric antibiotic treatment 
for PA and MRSA to those with established risk factors (9), we have observed a 
common trend of empirically covering for these organisms in the majority of foot 
infections in our region regardless of their risk profile. Patients with a foot
infection, despite the level of severity, are often placed on a regimen of
Vancomycin and Piperacillin/Tazobactam or Cefepime. 
To our knowledge, the prevalence of PA and MRSA in foot infections has not 
been characterized in the literature with focus on the region of Southern 
California. If the incidence of PA or MRSA is low, this may be an opportunity to 
reduce empiric antibiotic coverage and help reduce the development of multi-
drug resistant organisms (MDRO’s) and costs within the healthcare system.
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1. To determine the prevalence of Pseudomonas aeruginosa (PA) and Methicillin-
resistant Staphylococcus aureus (MRSA) in wound cultures of foot infections at 
five hospitals in Southern California and compare to other geographic locations.
2. To examine several patient-specific variables and determine their ability to 
predict whether a foot infection is likely due to PA or MRSA.
3. To determine if empiric antibiotic coverage against PA or MRSA is warranted 
based on the current data and to utilize these data to bolster antimicrobial 
stewardship opportunities. 
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Study Design
Two-arm retrospective case-control study evaluating foot infections during 2018 
at five hospitals in the Scripps healthcare system.  
Patients were divided into a case group (patients with a foot infection and a 
culture positive for Pseudomonas aeruginosa) and a control group (patients with 
a foot infection that did not culture positive for Pseudomonas aeruginosa). The 
patients were divided into a second arm with a case group of patients with a foot 
infection with a culture positive for MRSA and a control group of those with a foot 
infection that did not culture positive for MRSA.
Data were extracted from medical records of all patients with a foot infection who 
were treated as inpatients in the Scripps Health system within 2018. Data was 
obtained from the first admission of the year which had adequate data if multiple 
admissions were documented; each patient was only evaluated one time for the 
current study.
Setting
Five hospitals within the Scripps Health system in San Diego, California.
Criteria
Inclusion criteria: 1) Foot infection treated as an inpatient at Scripps Health 
facilities during the year of 2018; 2) Have documented wound culture results.
Exclusion criteria: 1) Age <18 years.
Data Retrieval
Following Institutional Review Board approval, a list of ICD-10 codes which are 
commonly used for encounters relating to foot infections was compiled. The 
codes which were utilized in the search were: M86.(17,27,37,47,67,8X7), 
L97.(4,5) E11.621, E11.628 L08.9, L02.61, L03.0(3,4), M71.07, M65.07, M65.17, 
A48.0.
Variables
The following were collected for each patient: a) recent stay at a long-term care 
facility or hospitalization within last 90 days (y/n), b) Scripps location, c) whether 
surgery was performed (y/n), d) diabetes (y/n), e) ESRD (y/n), f) PAD (y/n), g) 
gender, h) age, i) body temp on admission, j) culture results, k) resistance profile, 
l) empiric antibiotic treatment, m) WBC n) ESR, o) CRP, p) Serum creatinine, q) 
blood culture results, r) surgical pathology results, s) duration of foot lesion, t) 
location of lesion, u) bone involvement (Probe to bone), v) IDSA classification. 
Statistical Analysis
Descriptive statistics were performed to describe the study population’s 
demographics and relevant medical history.  Univariate analyses were used to 
identify factors associated with PA and MRSA in regards to the aforementioned 
variables.  We used the t-test, chi-square test and Mann-Whitney U-test to 
determine significance of each of the variables. A multivariate analysis including 
all univariate factors with a p<0.10 was conducted using multivariate logistic 
regression for the outcome of PA and for MRSA. A statistically significant value 
was defined as a p-value of <0.05.   
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Results

The search returned 642 patient records based on the aforementioned ICD-10 
data. Upon in-depth chart review, 310 of these met the inclusion criteria and were 
included in the final analysis. 

Study results for the PA arm of the study are shown in tables 1-4. Study results 
for the MRSA arm of the study are shown in tables 5-8.


