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Abstract: Multidrug-resistant organism infections have become important in recent years due to
the increased prevalence of diabetic foot ulcers and their possible consequences. This study aimed
to systematically review and evaluate ulcer duration, healing time, hospital stay, amputation, and
mortality rates in patients with diabetic foot ulcers caused by infection with multidrug-resistant
organisms. PubMed, the Cochrane Library, and Web of Science were searched in May 2020 to
find observational studies in English about the clinical outcomes of multidrug-resistant organism
infection in diabetic foot ulcers. Eight studies met the inclusion criteria, and these studies included
923 patients. The overall methodological quality of the study was moderate. Ulcer duration was
described in six studies, and there was no practical association with multidrug-resistant organisms.
Two out of three studies reported a longer healing time in multidrug-resistant organism infections
than in non-multidrug-resistant organism infections. Clinical outcomes included the duration of
hospitalisation, surgeries, amputations, and deaths. Lower limb amputation was the most reported
clinical outcome in the included studies, and was more prevalent in the multidrug-resistant organism
infections. We concluded that there was not enough evidence that multidrug-resistant organisms
hindered the healing of diabetic foot ulcers. In contrast to the clinical outcomes, multidrug-resistant
organisms affect both amputation rates and mortality rates.

Keywords: diabetic foot; foot infection; multidrug-resistant organisms; amputation; systematic
review

1. Introduction

Diabetic foot infection (DFI) is thought to increase the risk of developing an amputa-
tion by 155 times [1], increasing the mortality rate at 5 years to 57% in these patients [2].
Diabetic foot osteomyelitis is the most common type of DFI, occurring in approximately
20% of moderate infections and in up to 60% of severe infections [3].

Diabetic foot ulcer (DFU) infections have been reported to have a longer healing time
than uninfected ulcers [4]. Furthermore, unfavourable outcomes are associated with late
diagnosis and, therefore, delayed effective treatment [5]. Thus, following the updated
recommendations of the guidelines on DFI [6–8], the selection of empirical antibiotic
treatment should be based on the likely etiologic agent and their antibiotic susceptibilities,
as well as the severity of the infection.

The most commonly isolated microorganism in osteomyelitis remains Staphylococcus aureus,
although infections are usually polymicrobial [9] and may include microorganisms from the
genera Streptococci, Enterococci, Enterobacteriaceae, and Pseudomonas [10]. Additionally,
methicillin-resistant S. aureus has shown a prevalence of between 15% and 30% [11,12], as
well as being identified as a risk factor for re-hospitalisation [13].
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Multidrug-resistant organism (MDRO) infections have been implicated in several
studies on DFUs [14], and they were present in up to 53% of patients [15]. Dai et al. [16] re-
cently performed a meta-analysis and identified risk factors for the development of MDRO
in DFUs, including ischaemic aetiology, larger ulcer size, more severe ulcer classification,
osteomyelitis, previous history of antibiotic therapy, and hospitalisation.

For clinical outcomes that are caused by MDRO in DFU, several studies have taken
into account events such as the time of ulcer evolution [15,17–21], amputation [20–23],
death [18,22,23], and length of hospitalisation [18,19,22]. Depending on the study, some of
these variables have or have not shown an association with this kind of infection, and its
impact on DFU is not clear.

As described, MDRO infections have a relevant prevalence in DFU, and interest in this
condition has increased in recent years, leading to a large number of scientific publications.
However, to the best of our knowledge, there has not been a study that has summarised
the clinical outcomes of MDRO infection in DFU. The aim of this systematic review is to
evaluate the ulcer duration, healing time, hospital stay, amputation, and mortality rates of
DFU with MDRO infection.

2. Methodology

This systematic literature review was performed according to the Preferred Reporting
Items for Systematic Review and Meta-Analysis (PRISMA) guidelines (Table S1) [24].

2.1. Search Strategy

The literature search was performed using three electronic databases (PubMed,
Cochrane Library, and Web of Science) in May 2020. The keywords used for the search
were as follows: (‘multidrug resistant’ OR ‘multi-drug resistant’ OR ‘multidrug-resistance’)
AND (diabetic foot). The search was limited to all articles that were published in English,
beginning with the first article in July 2004 and concluding with the final article in May
2020, and studies that were conducted on humans.

2.2. Selection of Studies

The inclusion criteria were as follows: (1) observational study, case–control, and cohort
studies in adult patients; (2) DFUs with multi-drug organism infection; (3) mean ulcer
duration and the healing time of the ulcer were reported; and (4) evaluation of clinical
outcomes related to infection. The exclusion criteria were as follows: (1) randomised
controlled trials; (2) an alternative treatment included in addition to the standard care
of the infected wound (antibiotic therapy and off-loading); (3) no data available for the
analysis; and (4) non-original articles, including reviews, case reports, letters, or comments.

Randomised controlled trials were excluded to avoid any type of intervention that
could disrupt the clinical outcome measures.

The articles that met any of our exclusion criteria were excluded by reading the abstract.
Duplicate articles were also excluded. The full text of the rest of the articles was read to
determine if they met the inclusion criteria. The review was performed independently by
two authors (GMG and EGM). Any disagreements were resolved by discussion between
both authors.

2.3. Data Collection

Data from the chosen studies were extracted by two authors (GMG and EGM) using a
customised Excel spreadsheet. The data extracted from each article were as follows: main
author, year, study design, country, age and number of participants, definition of MDRO,
ulcer duration, time to heal, duration of hospitalisation, and prevalence of amputation and
death related to the ulcer and infection (not on the patient’s history).
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2.4. Quality Assessment

The evidence and recommendation levels were also evaluated according to the Oxford
Centre for Evidence-based Medicine criteria (March 2009) [25].

The included studies were evaluated using a Strengthening the Reporting of Ob-
servational studies in Epidemiology (STROBE) checklist [26]. This guideline is a tool
with 22 criteria to evaluate the study design quality and biases in the study. For each
criterion that was met, the study is awarded one point; a higher score indicates a higher
study quality.

3. Results

There were 217 articles that were identified in our systematic search. After the screen-
ing process, eight studies were included for the final analysis (Figure 1).
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Table 1 summarises the design of the included studies, level of evidence, and degree
of recommendation according to the Oxford criteria. Among the selected studies, six were
retrospective cohorts [15,18–22] and two were prospective cohorts [17,23]. The percentage
of adequate items from the STROBE checklist was 64.2% (Table 2).

These studies included 923 patients, ranging from a sample size of 65 [21] to 188 [23].
The MDRO infection rate was 17.8% [17] to 72.5% [18]. Ulcer duration was reported in
six studies [15,17–21]; it exceeded 10 weeks in several studies [17–20] and only reached
25 weeks in one study [19]. Healing time was reported in only three studies [17,20,23],
among which only one found significant differences [20].

Among the complications of DFU with MDRO infection, the duration of hospitali-
sation was reported in three studies [18,19,22], and a relationship was found in only two
of these studies [19,22]. Amputation was the clinical outcome that was most often de-
scribed [18,20–23], and there was an association with MDRO in all the studies where it was
analysed. Death was analysed in three studies [18,22,23], but only one found an association
with MDRO infection [22]. Table 3 summarises the characteristics of the studies that were
included in this systematic review.

The definitions of MDRO that were used in the included studies were very differ-
ent. The most frequently described definition was that bacteria were resistant to differ-
ent antimicrobial agents or categories [15,17,19,20,22,23], followed by methicillin-resistant
S. aureus [17–19,22,23] and extended spectrum beta-lactamase-producing bacteria [17–19,22].
The definitions of MDRO from each study are presented in Table 4.

Table 1. Levels of evidence and degree of recommendation for the included studies.

Study Design Level of Evidence Degree of Recommendation

Ji et al. [15] Retrospective cohort 2b B
Hartemann et al. [17] Prospective cohort 1b A
Gadepalli et al. [18] Retrospective cohort 2b B
Kandemir et al. [19] Retrospective cohort 2b B

Zhang et al. [20] Retrospective cohort 2b B
Noor et al. [21] Retrospective cohort 2b B

Zubair et al. [22] Retrospective cohort 2b B
Richard et al. [23] Prospective cohort 1b A

Table 2. Rating for the Strengthening the Reporting of Observational studies in Epidemiology (STROBE) checklist.

Item Number–STROBE Guidelines

1
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

T A

Ji et al. [15] N Y Y N N Y Y Y Y N N N N Y Y Y Y N Y Y Y N Y
Hartemann

et al. [17] N Y Y N N Y Y Y Y Y N Y N Y Y Y N Y Y N Y Y N

Gadepalli
et al. [18] N Y N N N Y N Y Y N N Y N N Y Y Y N N N Y N Y

Kandemir
et al. [19] N Y Y N N Y Y Y Y Y N Y Y Y Y Y N Y Y N Y Y N

Zhang
et al. [20] N Y Y N Y Y Y Y Y N N Y N Y Y Y Y Y Y Y Y Y Y

Noor
et al. [21] N Y Y N Y Y Y Y Y N N Y N Y Y Y N N Y N Y Y Y

Zubair
et al. [22] N Y Y N Y Y Y Y Y N N Y N Y Y Y Y Y N N Y Y Y

Richard
et al. [23] N Y N N Y Y Y Y Y N N Y Y Y Y Y Y Y Y N Y Y Y

Abbreviations: T, Title; A, Abstract; N, No; Y, Yes.
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Table 3. Characteristics of the studies that were included in the systematic review.

Study/Year Country
Participants

Age
N = MDRO+/MDRO−

Ulcer Duration
MDRO+/MDRO−

p-Value

Time to Ulcer
HealingMDRO+/MDRO−

p-Value

Event
MDRO+/MDRO−

p-Value

Ji et al. [15]/2014 China 64.1 ± 10.5/64.4 ± 11
118 = 64/54

8.54 ± 8.43/5.96 ± 5.94
0.053 No description No description

Hartemann et al. [17]/2004 France 65 ± 12
180 = 32/148

19.71 ± 36/28.71 ± 55.71
0.30

Survival analysis
No include mean ± SD

0.71
No description

Gadepalli et al. [18]/2006 India
53.9 ± 12.1
80 = 58/22

12.43 ± 9.04/15.86 ± 11.14
0.14

No description

Duration of hospitalisation 2.76 ± 0.88/2.65 ± 0.8
0.61

Surgery (amputation included) 47 (81)/10 (45.5)
<0.01 *

Death 2 (3.4)/0 (0.0)
0.38

Kandemir et al. [19]/2006 Turkey 60 ± 11
73 = 36/37

25.71 ± 77.43/16.14 ± 28.43
0.32 No description Duration of hospitalisation 5.29 ± 4.14/2.86 ± 2.71

0.00 **

Zhang et al. [20]/2014 China 65 ± 12.3/64 ± 10.8
117 = 43/74

10.6 ± 8.8/9.4 ± 6.3
0.457

Follow up 12 weeks
9 (20.9)/31 (41.9)

0.032
Amputation 14 (32.6)/12 (16.2)

0.032

Noor et al. [21]/2017 India 53 ± 9
65 = 37/28

9 ± 6.86/6.86 ± 3.43
<0.05 ** No description Amputation 19 (51.35)/7 (25)

<0.05 **

Zubair et al. [22]/2010 India
49.11 ± 12.46
102 = 46/56

No description No description

Duration of hospitalisation 3.84 ± 1.03/2.56 ± 0.41
0.005 **

Amputation 19 (41.3)/4 (7.1)
<0.001 **

Death 4 (8.6)/1 (1.7)
0.002 **

Richard et al. [23]/2008 France
68.0 (no include SD)

188 = 45/143
No description

Follow up 10 weeks
25 (51.1)/99 (69.2)

0.04 *
Survival analysis

14/10 (Does not include SD)
0.036 *

Total amputation 16 (35.6)/16 (11.2)
<0.001 **

Major amputation 3 (18.8)/1 (6.3)
0.05 **

Minor amputation 13 (81.2)/15 (93.7)
0.02 **

Death 2 (4.4)/8 (5.6)
NS

Data are presented as the mean ± SD (weeks) (%). Abbreviations: MDRO: multidrug-resistant organism; MDRO+: positive multidrug-resistant organism group; MDRO−: negative multidrug-resistant organism
group; NS, not significant; SD, standard deviation; *, only significant in the univariate analysis; **, authors did not perform a multivariate analysis. The statistical analysis concerns original data from the articles
included in the systematic review.
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Table 4. Definition of multidrug-resistant organisms that was chosen by each study.

Definition of MDRO

Ji et al. [15] Bacteria resistant to at least one agent in three or more antimicrobial categories.

Hartemann et al. [17] MRSA; bacteria producing extended spectrum ESBL; Pseudomonas aeruginosa resistant to both
ceftazidime and imipenem; Acinetobacter baumannii resistant to imipenem.

Gadepalli et al. [18] MRSA; ESBL producing bacteria; methicillin-resistant coagulase-negative Staphylococci.

Kandemir et al. [19]
MRSA; methicillin-resistant Staphylococcus epidermidis; penicillin resistant Staphylococcus pneumoniae;
Enterococcus spp.; ESBL producing bacteria and inducible beta-lactamase; P. aeruginosa resistant to
both ceftazidime and imipenem; A. baumannii resistant to imipenem.

Zhang et al. [20] Bacteria resistant to at least 1 agent in each of the 3 or more antipseudomonal agents.

Noor et al. [21] No description.

Zubair et al. [22] Bacteria resistant to two or more antimicrobial classes; MRSA; ESBL producing organisms.

Richard et al. [23]
MRSA, Enterobacteriaceae resistant to third-generation cephalosporins; P. aeruginosa resistant to two
antibiotics from among ticarcillin, ciprofloxacin, ceftazidime and imipenem; Enterococcus spp.
resistant to glycopeptides; A. baumannii resistant to ticarcillin; Stenotrophomonas maltophilia.

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; ESBL, extended spectrum beta-lactamase.

4. Discussion

Generally, there was no evidence of an association between an increase in the ulcer
duration and the presence of MDRO. However, two studies [20,23] indicated that the
healing time was longer in MDRO infections than in non-MDRO infections. For clinical
outcomes, this type of infection has an effect on lower limb amputations.

Six [15,18,20–23] of the eight included studies were conducted in hospitals. When
comparing infection rates, Gadepalli et al. [18] reported an MDRO infection prevalence
of 72%, which is the highest among all the included articles. This study was conducted
in a tertiary hospital in India. The studies by Noor et al. [21] and Zubair et al. [22]
showed an MDRO infection rate of 60% and 46%, respectively, and both studies were also
performed in India. However, several authors [18,20–22] associated the prevalence data
with the widespread and prolonged use of broad-spectrum antibiotics, which leads to a
selective survival benefit for pathogens. Zhang et al. [20] justified that infections caused
by multidrug-resistant Pseudomonas aeruginosa are related to the prolonged antimicrobial
treatment that is necessary for the antibiotic to penetrate into the Pseudomonas biofilm [27].
The two studies [17,23] with a lower prevalence of MDRO infection rate were performed
on the European continent, which is in contrast to studies from other geographic areas
with warm climates (e.g., India [18,21,22], China [15,20], and Turkey [19]), which showed a
higher prevalence of resistant microorganisms such as Gram-negative bacteria, especially
P. aeruginosa [28,29]. The study by Richard et al. [23], which is the penultimate study with
the lowest prevalence, did not include patients with a previous history of antibiotic therapy
in the last 6 months. This could explain some of their discrepant results compared to the
rest of the studies. This antibiotic-free period has been standardised to 2 weeks to avoid
false-negative cultures [8]. However, in many cases, this criterion can be difficult to meet
because of the DFI severity.

Six studies [15,17–21] reported data on the mean ulcer duration, among which only
one study [21] showed significant differences between the MDRO+ and the MDRO−
groups. These results were unexpected because we thought that these studies would
indicate a longer ulcer duration when a MDRO infection was present. The main differences
between the study by Noor et al. [21] and the other studies is that it had the smallest
sample size and was one of those with the highest prevalence of MDRO (56.92%). Another
important aspect to consider is the retrospective nature of the studies, and most of the
information on this variable was obtained from medical records. However, the study that
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reported an ulcer duration of 25 weeks [19] showed data with greater similarity to another
study that only included ulcers with mild infection (mean, 22.4 weeks) [30].

From this review, the relevance of using DFU classifications has been investigated. The
included articles used different classifications for ulcers, and the Wagner classification was
used most frequently [15,17,18,20,21], although it does not take into account the presence
of ischaemia. None of the included articles used the classifications to differentiate how
ischaemia affected healing time. The presence or absence of ischaemia and the depth or
degree of infection of the ulcer were related to a worse prognosis [8,31,32]. Thus, these
variables require further study based on a more homogeneous population.

Zhang et al. [20] was the only study that found significant differences in the healing
time between the MDRO+ group and MDRO− group after 12 weeks of follow-up. The
authors reported that it could be related to the exoU toxin, which was present in 70% of the
P. aeruginosa in the MDRO+ group. This gene has been related to a higher proportion of
multidrug resistance [33], and it also has a greater clinical impact on pneumonia because
of its high virulence [34]. However, ulcers from the MDRO+ group, in the studies by
Hartemann et al. [17] and Richard et al. [23], showed a higher prevalence of characteristics
that were associated with a worse prognosis, such as osteomyelitis [3] and more severe
infections, using the Infectious Diseases Society of America/International Working Group
on the Diabetic Foot (IDSA/IWGDF) classification [8,35,36].

MDRO was associated with an increase in the duration of hospitalisation in two stud-
ies [19,22]. However, Gadepalli et al. [18] did not find statistically significant differences,
and they also showed the shortest duration of hospitalisation. The authors state that
this could be because of the political management and consequent aim of each hospital
to discharge the patient after the ulcer had healed. Clarifying the association between
this event and an infection by resistant bacteria is important because of the associated
healthcare costs [37].

Amputation had a higher prevalence when there was a coexisting MDRO infec-
tion [18,20–23]. Despite this result, most of these studies only performed univariate sta-
tistical analyses. Zhang et al. [20] suggested that this result was related to the immuno-
compromised condition of patients with DFU, together with the ExoU toxin secreted by
P. aeruginosa, which can quickly necrotize tissues and allow the development of osteomyeli-
tis through the spread of P. aeruginosa into deep tissues. The rest of the authors [21–23]
suggest that this increase in amputation rate may also be related to advanced diabetes, as
well as the inadequate standard treatment of DFU. Richard et al. [23] stated that it was not
possible for MDRO alone to explain the increased amputation rate in these patients.

Similar results were found for death, with only the study by Zubair et al. [22] reporting
an association between death and the MDRO+ group. In this case, the multivariate analysis
was also not performed, although there are studies that had related mortality to resistant
microorganisms [38,39]. The only rationale that was mentioned for this clinical outcome
was a relationship to poorly controlled blood glucose levels [22], concluding that the
relationship between MDRO infection and mortality needs further investigation.

There were some limitations when interpreting the results in the current review. An
important limitation is that most of the studies that have been performed to date on this
topic are retrospective investigations that have focused on risk factors associated with the
development of MDRO infections and not on clinical outcomes, making it difficult to obtain
data for some variables. Another limitation of the included studies was the methodological
and statistical heterogeneity, which led to results that had limited external validity. The
STROBE checklist showed that the methodological quality of the studies can be improved.
Moreover, having homogeneous data could provide more accurate information about the
influence that MDRO has on patients with DFU.

There was wide heterogeneity regarding the definition of MDRO that was used in
the included studies. Four authors [17–19,23] opted for very specific definitions, which
were consistent with the two studies with the lowest prevalence. The study that was
performed by Noor et al. [21] did not include a definition for this variable. The remaining
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investigations [15,20,22] from the last 10 years used a broader definition that had a greater
similarity to that used by Ji et al. [15] This last study opted for a definition that was
proposed by international experts who aimed to standardise the term MDRO, among
others, in 2012 [40].

The heterogeneity of the study results that were included in the review does not allow
a meta-analysis to be performed because it was not possible to compare the outcomes.

The main strength of our systematic review is that it is the first study that summarises
the clinical outcomes that are derived from a MDRO infection in DFU. For the unanswered
questions and future directions, prospective studies are needed to jointly analyse the
effects of these microorganisms on the clinical outcomes in patients with DFU using a
well-structured methodology and taking into account the possible biases that have been
described above.

5. Conclusions

Currently, there is not enough scientific evidence to conclude that MDRO affects the
healing time of ulcers. However, amputations and mortality rates have been affected by
this type of infection.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/jcm10091948/s1, Table S1: PRISMA checklist.
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19. Kandemir, Ö.; Akbay, E.; Şahin, E.; Milcan, A.; Gen, R. Risk factors for infection of the diabetic foot with multi-antibiotic resistant
microorganisms. J. Infect. 2007, 54, 439–445. [CrossRef]

20. Zhang, J.; Chu, Y.; Wang, P.; Ji, X.; Li, X.; Wang, C.; Peng, Y. Clinical Outcomes of Multidrug Resistant Pseudomonas aeruginosa
Infection and the Relationship With Type III Secretion System in Patients With Diabetic Foot. Int. J. Low. Extrem. Wounds 2014, 13,
205–210. [CrossRef] [PubMed]

21. Noor, S.; Borse, A.G.; Ozair, M.; Raghav, A.; Parwez, I.; Ahmad, J. Inflammatory markers as risk factors for infection with
multidrug-resistant microbes in diabetic foot subjects. Foot 2017, 32, 44–48. [CrossRef] [PubMed]

22. Zubair, M.; Malik, A.; Ahmad, J. Clinico-microbiological study and antimicrobial drug resistance profile of diabetic foot infections
in North India. Foot 2010, 21, 6–14. [CrossRef] [PubMed]

23. Richard, J.L.; Sotto, A.; Jourdan, N.; Combescure, C.; Vannereau, D.; Rodier, M.; Lavigne, J.P.; Nîmes University Hospital Working
Group on the Diabetic Foot. Risk factors and healing impact of multidrug-resistant bacteria in diabetic foot ulcers. Diabetes Metab.
2008, 34, 363–369. [CrossRef] [PubMed]

24. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; The_PRISMA_Group. Preferred Reporting Items for Systematic Reviews and
Meta-Analyses: The PRISMA Statement. Ann. Intern. Med. 2009, 151, 264. [CrossRef]

25. Oxford Centre for Evidence-Based Medicine. Levels of Evidence (March 2009) 2009. Available online: http://www.cebm.net/
oxford-centre-evidence-based-medicine-levels-evidence-march-2009/ (accessed on 30 May 2020).

26. von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Gøtzsche, P.C.; Vandenbroucke, J.P. The Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement: Guidelines for reporting observational studies. Lancet 2007, 370,
1453–1457. [CrossRef]

27. Gristina, A.G.; Costerton, J.W. Bacterial adherence and the glycocalyx and their role in musculoskeletal infection. Orthop. Clin. N.
Am. 1984, 15, 517–535. [CrossRef]

28. Uçkay, I.; Gariani, K.; Pataky, Z.; Lipsky, B.A. Diabetic foot infections: State-of-the-art. Diabetes. Obes. Metab. 2014, 16, 305–316.
[CrossRef]

29. Saseedharan, S.; Sahu, M.; Chaddha, R.; Pathrose, E.; Bal, A.; Bhalekar, P.; Sekar, P.; Krishnan, P. Epidemiology of diabetic foot
infections in a reference tertiary hospital in India. Braz. J. Microbiol. 2018, 49, 401–406. [CrossRef]

30. Lázaro-Martínez, J.L.; Álvaro-Afonso, F.J.; Sevillano-Fernández, D.; Molines-Barroso, R.J.; García-Álvarez, Y.; García-Morales, E.
Clinical and Antimicrobial Efficacy of a Silver Foam Dressing With Silicone Adhesive in Diabetic Foot Ulcers With Mild Infection.
Int. J. Low. Extrem. Wounds 2019, 18, 269–278. [CrossRef] [PubMed]

31. Armstrong, D.G.; Lavery, L.A.; Harkless, L.B. Validation of a Diabetic Wound Classification System: The contribution of depth,
infection, and ischemia to risk of amputation. Diabetes Care 1998, 21, 855–859. [CrossRef]

32. Lavery, L.A.; Armstrong, D.G.; Murdoch, D.P.; Peters, E.J.G.; Lipsky, B.A. Validation of the Infectious Diseases Society of America’s
Diabetic Foot Infection Classification System. Clin. Infect. Dis. 2007, 44, 562–565. [CrossRef]

33. Zhu, H.; Conibear, T.C.R.; Bandara, R.; Aliwarga, Y.; Stapleton, F.; Willcox, M.D.P. Type III Secretion System–Associated Toxins,
Proteases, Serotypes, and Antibiotic Resistance of Pseudomonas aeruginosa Isolates Associated with Keratitis. Curr. Eye Res.
2006, 31, 297–306. [CrossRef]

34. Schulert, G.S.; Feltman, H.; Rabin, S.D.; Martin, C.G.; Battle, S.E.; Rello, J.; Hauser, A.R. Secretion of the Toxin ExoU Is a Marker
for Highly Virulent Pseudomonas aeruginosa Isolates Obtained from Patients with Hospital-Acquired Pneumonia. J. Infect. Dis.
2003, 188, 1695–1706. [CrossRef] [PubMed]

35. Wukich, D.K.; Hobizal, K.B.; Raspovic, K.M.; Rosario, B.L. SIRS Is Valid in Discriminating Between Severe and Moderate Diabetic
Foot Infections. Diabetes Care 2013, 36, 3706–3711. [CrossRef]

36. Wukich, D.K.; Hobizal, K.B.; Brooks, M.M. Severity of Diabetic Foot Infection and Rate of Limb Salvage. Foot Ankle Int. 2013, 34,
351–358. [CrossRef]

http://doi.org/10.2165/11538070-000000000-00000
http://doi.org/10.1007/s00592-019-01301-0
http://doi.org/10.1016/j.ijid.2018.02.013
http://doi.org/10.1177/1534734617728642
http://doi.org/10.1177/1534734614521236
http://doi.org/10.1016/j.jcjd.2019.10.009
http://www.ncbi.nlm.nih.gov/pubmed/32005564
http://doi.org/10.1111/j.1464-5491.2004.01237.x
http://doi.org/10.2337/dc06-0116
http://www.ncbi.nlm.nih.gov/pubmed/16873771
http://doi.org/10.1016/j.jinf.2006.08.013
http://doi.org/10.1177/1534734614545878
http://www.ncbi.nlm.nih.gov/pubmed/25106442
http://doi.org/10.1016/j.foot.2017.05.001
http://www.ncbi.nlm.nih.gov/pubmed/28802182
http://doi.org/10.1016/j.foot.2010.10.003
http://www.ncbi.nlm.nih.gov/pubmed/21130641
http://doi.org/10.1016/j.diabet.2008.02.005
http://www.ncbi.nlm.nih.gov/pubmed/18632297
http://doi.org/10.7326/0003-4819-151-4-200908180-00135
http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/
http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/
http://doi.org/10.1016/S0140-6736(07)61602-X
http://doi.org/10.1016/S0030-5898(20)31101-9
http://doi.org/10.1111/dom.12190
http://doi.org/10.1016/j.bjm.2017.09.003
http://doi.org/10.1177/1534734619866610
http://www.ncbi.nlm.nih.gov/pubmed/31379224
http://doi.org/10.2337/diacare.21.5.855
http://doi.org/10.1086/511036
http://doi.org/10.1080/02713680500536746
http://doi.org/10.1086/379372
http://www.ncbi.nlm.nih.gov/pubmed/14639541
http://doi.org/10.2337/dc13-1083
http://doi.org/10.1177/1071100712467980


J. Clin. Med. 2021, 10, 1948 10 of 10

37. Abramson, M.A.; Sexton, D.J. Nosocomial Methicillin-Resistant and Methicillin-Susceptible Staphylococcus Aureus Primary
Bacteremia: At What Costs? Infect. Control Hosp. Epidemiol. 1999, 20, 408–411. [CrossRef]

38. Rello, J.; Torres, A.; Ricart, M.; Valles, J.; Gonzalez, J.; Artigas, A.; Rodriguez-Roisin, R. Ventilator-associated pneumonia by
Staphylococcus aureus. Comparison of methicillin-resistant and methicillin-sensitive episodes. Am. J. Respir. Crit. Care Med. 1994,
150, 1545–1549. [CrossRef]

39. Soriano, A.; Martinez, J.A.; Mensa, J.; Marco, F.; Almela, M.; Moreno-Martinez, A.; Sanchez, F.; Munoz, I.; Jimenez de Anta, M.T.;
Soriano, E. Pathogenic Significance of Methicillin Resistance for Patients with Staphylococcus aureus Bacteremia. Clin. Infect. Dis.
2000, 30, 368–373. [CrossRef] [PubMed]

40. Magiorakos, A.P.; Srinivasan, A.; Carey, R.T.; Carmeli, Y.; Falagas, M.T.; Giske, C.T.; Harbarth, S.; Hindler, J.T.; Kahlmeter, G.;
Olsson-Liljequist, B.; et al. Multidrug-resistant, extensively drug-resistant and pandrug-resistant bacteria: An international expert
proposal for interim standard definitions for acquired resistance. Clin. Microbiol. Infect. 2012, 18, 268–281. [CrossRef] [PubMed]

http://doi.org/10.1086/501641
http://doi.org/10.1164/ajrccm.150.6.7952612
http://doi.org/10.1086/313650
http://www.ncbi.nlm.nih.gov/pubmed/10671343
http://doi.org/10.1111/j.1469-0691.2011.03570.x
http://www.ncbi.nlm.nih.gov/pubmed/21793988

	Introduction 
	Methodology 
	Search Strategy 
	Selection of Studies 
	Data Collection 
	Quality Assessment 

	Results 
	Discussion 
	Conclusions 
	References

