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Abstract

Most moderate-to-severe diabetic foot infections (DFls) require hospitalization with urgent surgical approach and
administration of empiric antibiotherapy. To ensure optimal antibiotic coverage, regular microbiological background updates
are imperative. The purpose is to characterize the microbiological profile and the antibiotic sensitivity pattern of the DFI
causative pathogens isolated within a specialized DFI unit of a tertiary hospital, in order to establish evidence-based policies
regarding empirical antibiotic use. A cross-sectional study was conducted. Microbiological cultures and corresponding
antibiotic sensitivity tests collected from moderate-to-severe DFls as a first approach to the hospitalized patient were
retrieved and analyzed during a |2-month period. Two groups were analyzed: inpatients that had been previously followed
at the diabetic foot clinic of the hospital and inpatients without a previous contact with the hospital services. A total of
125 isolates obtained from 87 patients were deemed for analysis. Globally, a predominance of Gram-positive bacteria was
observed (60%). Staphylococcus aureus was the most common pathogen. The global ratio of methicillin-sensitive S aureus to
methicillin-resistant S aureus (MRSA) was [.3:1, with similar findings in both groups. According to the antibiotic sensitivity
test results, and within the recommended empiric antibiotic regimens for DFI, piperacillin/tazobactam seems to be the
most suitable option. Gram-positive bacteria prevail as the main isolates in DFls. Screening for MRSA-specific risk factors
is mandatory. When going for a first empiric therapy, piperacillin/tazobactam is recommended in this institution, and an
anti-MRSA agent should be added early, if necessary. We encourage continuous monitoring for the bacterial prevalence in
Portuguese diabetic foot centers as it is paramount for the decision making regarding DF| protocols.
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Diabetes mellitus (DM), one of the most prevalent chronic
diseases worldwide, continues to increase significantly.' It
is expected that by 2045 about 642 million people will be
affected by this multisystemic disease.” The number of DM
patients in Portugal is also rising steadily, with an estimated
prevalence of 13.3%" in 2015. Diabetic foot ulcers (DFUs)
are one of the major complications of this disease and occur
in about 25% of the diabetic population. The infection of a
DFU is a complex and costly medical disorder, with a high
level of immediate and long-term morbidity.* Diabetic foot
infections (DFIs) account for up to one quarter of all dia-
betic hospitalizations in both Europe and the United States,
making it the single most common reason for DM-related
hospital admissions. The relative immunosuppressed envi-
ronment and poor peripheral perfusion observed in diabetic
patients creates opportunity for aggressive polymicrobial
infections that often spread, either to the nearby tissues

leading to gangrene or by a systemic route leading to sepsis,
organ failure, or even death. In addition, the pathogens iso-
lated in DFI have been showing increasingly higher antibi-
otic resistance rates.”® Unsurprisingly, the presence of an
infection is associated with a 5-year mortality of around
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40%, and accounts for the largest number of nontraumatic
lower extremity amputations.’

A proper treatment strategy for moderate-to-severe DFIs
encompasses both the use of empirical broad-spectrum anti-
biotics—tailored to the local bacteriological profile, sever-
ity of infection, and patient’s comorbidities—and early
surgical drainage and debridement. The former entails the
need to study the microbiological flora and susceptibility of
DFI pathogens in a particular center-based population. In
this sense, we aimed to define the microbiological and anti-
biotic resistance profiles of the hospitalized patients in our
specialized DF unit in order to establish evidence-based
policies regarding empirical antibiotic use to treat DFIs.
The final purpose was to cover the most common patho-
gens, while avoiding the unwarranted economic, biologic,
and public health costs of the misuse of broad-spectrum
antibiotics.

Materials and Methods

A cross-sectional study was conducted. Data extraction was
performed by scrutinizing the electronic medical records of
all patients hospitalized in a DF unit of a tertiary medical
center, in the period between January 1,2017, and December
31, 2017. Enrolled patients were analyzed as 2 independent
cohorts. The first, named Outpatient Group (OG), included
inpatients previously followed at the outpatient clinic of the
hospital. The other, the External Group (EG), included
patients with no previous history of DFU treatments at our
hospital (mainly patients admitted directly from the emer-
gency room or after a single first evaluation at the outpa-
tient clinic).

The presence of a clinically infected foot ulcer localized
below the malleolar process of a patient with DM was the
main inclusion criteria. As per our center’s protocol, DFIs
are defined clinically (and not microbiologically) based on
the presence of at least 2 classic symptoms or signs of
inflammation (erythema, warmth, tenderness, pain, or indu-
ration) or purulent secretions.*’ In accordance with the
international guidelines, hospitalization was considered for
moderate-to-severe infection cases (grades 3/4 accordingly
to the PEDIS score).'*"!

All samples collected from clinically infected DFUs,
either by swab or surgical methods, were reviewed. As per
our DF unit protocol, to avoid commensal flora isolates, all
samples were collected by an experienced physician after
ulcer rinsing with saline water and gentle debridement of
superficial debris. Collected data consisted of isolated bac-
teriological specimens and respective in vitro antibiotic
susceptibility and resistance profile. Standard processing
methods for culture and antibiotic susceptibility test (AST)
were employed at the microbiology laboratory department.
ASTs were routinely performed for all microbiological
samples. The anaerobic culture was not performed due to

Table I. Isolated Microorganisms.

Pathogens oG EG Total
Gram-positive 25 50 75
Corynebacterium striatum 2 0 2
Enterococcus spp 2 13 15
MSSA 8 17 25
MRSA 8 I 19
Staphylococcus lugdunensis | 0 I
Streptococcus spp 4 9 13
Gram-negative 26 24 50
Achromobacter xylosoxidans | 0 I
Acinetobacter baumaani | 2 3
Enterobacter spp 4 | 5
Escherichia coli 2 5 7
Klebsiella spp 3 | 4
Morganela morganii 3 0 3
Proteus spp | 6 7
Pseudomonas aeruginosa 8 7 15
Serratia marcescens | 2 3
Stenotrophomonas maltophilia 2 0 2
Total 51 74 125

Abbreviations: OG, outpatient group; EG, external group; MSSA,
methicillin-sensitive Staphylococcus aureus; MRSA, methicillin-resistant
Staphylococcus aureus.

lack of standard procedures for handling anaerobic sam-
ples. “Polymicrobial” cultures, without isolation of a spe-
cific microorganism, were excluded by the microbiology
laboratory.

Results

A total of 125 microbial isolates were obtained from the
microbiological analyses of 87 samples—an average of
1.44 pathogens per culture (38% [n = 33] contained more
than 1 microbiological isolate, of which 32% [n = 28] and
6% [n = 5] accounted for 2 and 3 pathogens, respectively).
About 85% of the cultures were performed from surgical
samples, while the remaining were obtained from swab of
deep wounds.

Out of the total episode number (87), 72% (63) were male
and 29% (24) were female patients. The average patient age
was 67 years (maximum 94 years; minimum 31 years).

The OG was composed of 32 subjects, 25 males and 7
females (3.6:1), and this group accounted for a total of 51
microbiological isolates. The EG was composed of 55 sub-
jects, 35 males and 17 females (2:1), accounting for a total
of 74 bacterial isolates.

The detailed distribution of the isolates is presented in
Table 1. A total of 60.0% (n = 75) of the isolates were
Gram-positive bacteria and 40% (n = 50) were Gram-
negative bacteria (1.5:1 ratio). Staphylococcus aureus (n = 44)
was the most common Gram-positive aerobe bacteria,
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Table 2. Resistance Profile of the Most Common and Resistant Isolated Pathogens.

Pseudomonas
MSSA MRSA aeruginosa  Enterococcus  Streptococcus Proteus spp Escherichia coli  Enterobacter Klebsiella spp

(N = 25) (N=19) (N=15) spp(N=15) spp(N=13) (N=7) (N=7) spp. (N=5) (N =4)
Penicillin 84% (21/25) 100% (19/19)
Oxacillin 0% (0/25)  100% (19/19)
Ampicillin 7% (1/15) 0% (0/13)
Amoxicillin/clavulanic 43% (317) 71% (5/7)  100% (5/5) 50% (2/4)

acid
Piperacillin/ 33% (5/15) 0% (0/7) 29% (217) 0% (0/5) 50% (2/4)
tazobactam

Cefuroxime 43% (317) 57% (417) 25% (1/4)
Ceftazidime 0% (0/25) 20% (3/15) 43% (317) 25% (1/4)
Cefotaxime 0% (0/7) 57% (417) 0% (0/5) 25% (1/4)
Meropenem 20% (3/15) 0% (0/7) 0% (0/7) 0% (0/5) 0% (0/4)
Ertapenem 0% (0/7) 0% (0/5) 0% (0/4)
Gentamycin 0% (0/25) 1% (3/19)  13% (2/15) 0% (0/7)  43% (3/7) 0% (0/5) 0% (074)
Tetracycline 0% (0/25) 1% (3/19)
Amikacin 0% (0/15) 0% (0/7) 0% (0/24)
Ciprofloxacin 53% (8/15) 100% (7/7)
Cotrimoxazol 8% (2/25) 6% (2/19) 0% (0/13)
Vancomycin 0% (0/19) 0% (0/15)

ESBL

57% (4/7)

Abbreviations: MSSA, methicillin-sensitive S aureus; MRSA, methicillin-resistant S aureus; ESBL, extended spectrum

followed by Enterococcus spp (n = 15) and Streptococcus
spp (n = 13). Within S aureus isolates, 57% (n = 25) were
methicillin-sensitive S aureus (MSSA) and 43% (n = 19)
were methicillin-resistant S aureus (MRSA). The 5 most
isolated Gram-negative organisms were Pseudomonas
aeruginosa (n = 15), Proteus spp (n = 7), Escherichia coli
(n = 7), Enterobacter spp (n = 5), and Klebsiella spp (n = 4).

The predominance of Gram-positive bacteria was
observed in the EG (2.1:1 ratio). When considering the OG,
a similar prevalence of Gram-positive and Gram-negative
bacteria was found, with a correspondent ratio of 0.96:1. S
aureus was the most common isolate in both groups. The
global ratio of MSSA-MRSA was 1.3:1, with similar find-
ings when looking into the 2 groups separately.

AST results are described in Table 2. The included
microorganisms were selected according to their relevance
(quantity and resistance profiles). From this analysis, we
highlight the resistance of Gram-negative bacteria to
amoxicillin/clavulanic acid (>40%). Even the broad-spec-
trum, parenteral, anti-pseudomonal antibiotic piperacillin/
tazobactam recorded rates of 29%, 33%, and 50% resis-
tance within £ coli, P aeruginosa, and Klebsiella spp,
respectively. An optimistic finding is the low resistance
rate shown by the MRSA isolates to cotrimoxazol, both in
OG and EG.

A comparison was drawn between the 2 groups on the
pathogens’ sensitivity to 3 usually employed empiric antibi-
otics (amoxicillin/clavulanic acid, piperacillin/tazobactam,
and ertapenem), and data are depicted in Table 3.

B-lactamases.

Discussion

Proper empirical antibiotic selection is controversial as, to
date, no empirical antimicrobial regimen has been shown
to be superior in DFI treatment.'” A systematic analysis
undertaken by the Iberoamerican Cochrane Center con-
cluded that the evidence for the relative effects of different
systemic antibiotics for the treatment of DFI is extremely
heterogeneous and generally at unclear or high risk of
bias.®

The most well-established guidelines for the manage-
ment of DFI are from Western countries where Gram-
positive bacteria, especially MSSA, are the most common
pathogens in DFI. Empiric antibiotic regimens are usually
chosen to cover those agents. The option to cover MRSA
should rely on its local prevalence, on the infection severity,
and on the comorbidities and risk factors of the patient.’
The establishment of MRSA risk factors is still a controver-
sial theme, with a wide range of studies performed on the
subject. The most commonly reported in DFI are recent
hospitalization, antibiotic usage in the 6 months prior to
the hospitalization, a chronic ulcer (=4 weeks), ulcer size
=4 c¢m’, bone involvement, and previous history of MRSA
infection or colonization."”'® On the other hand, empiric
antibiotic coverage of P aeruginosa, according to the
International Working Group on the Diabetic Foot guide-
lines, should be considered in certain scenarios, where its
prevalence is increased, such as long-standing DFUs, severe
DFTIs of hospitalized patients, and those who received prior
cycles of antibiotics.'*"®
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Table 3. Empiric Antibiotic Comparison Accordingly to the Pathogens Isolated.

Pathogens Isolates (n) Isolates (%) AC PT E
External group
MSSA 17 23% 0% (0/17) 0% (0/17) 0% (0/17)
MRSA I 15% — — —
Enterococcus spp 13 18% 0% (0/13) 0% (0/13) —
Streptococcus spp 9 12% 0% (0/13) 0% (0/13) 0% (0/13)
F Gram-negative 15 20% 60% (9/15) 7% (1/15) 0% (0/15)
Pseudomonas aeruginosa 7 9% — 29% (217) —
Gram NNF 2 3% 100% (2/2) 100% (2/2) 100% (2/2)
Total 74 100% 39% (29/74) 21% (16/74) 45% (33/74)
Outpatient group
MSSA 8 15.7% 0% (0/8) 0% (0/8) 0% (0/8)
MRSA 8 15.7% — — —
Enterococcus spp 2 3.9% 50% (1/2) 50% (1/2) —
Streptococcus spp 4 7.8 0% (0/13) 0% (0/13) 0% (0/13)
Other Gram-positive 3 5.9% 0% (0/3) 0% (0/3) 0% (0/3)
F Gram-negative 15 29.4% 87% (13/15) 20% (3/15) 0% (1)
Pseudomonas aeruginosa 8 15.7% — 37.5% (3/8) —
Gram NNF 3 5.9% 100% (3/3) 100% (3/3) 100% (3/3)
Total 51 100% 65% (33/51) 35% (18/51) 41% (21/51)
Global
MSSA (25) 25 20% 0% (0/25) 0% (0/25) 0% (0/25)
MRSA (19) 19 15.20% — — —
Enterococcus spp (15) 15 12% 7% (1/15) 7% (1/15) —
Streptococcus spp (13) 13 10.40% 0% (0/13) 0% (0/13) 0% (0/13)
Other Gram-positive 3 2,40% 0% (0/3) 0% (0/3) 0% (0/3)
F Gram-negative 30 24% 73% (22/30) 13% (4/30) 0% (0/30)
Pseudomonas aeruginosa I5 12% — 33% (5/15) —
NF Gram-negative 5 4% 100% (5/5) 100% (5/5) 100% (5/5)
Total 125 100% 50% (62/125) 27% (34/125) 43% (54/125)

Abbreviations: AC, amoxicillin/clavulanic-acid; PT, piperacillin/tazobactam; E, ertapenem; MSSA, methicillin-sensitive S aureus; MRSA, methicillin-

resistant S aureus; F, fermenter; NF, non-fermenter.

According to the 2012 Infectious Disease Society of
America (ISDA) guidelines on antibiotic treatment of a
moderate-to-severe DFI, the main agents to consider are
second- and third-generation cephalosporines, combination
between B-lactamic antibiotics and B-lactamase inhibitors
and carbapenems, with possible additions when facing spe-
cific circumstances.'® The broad-spectrum antibiotics inten-
sively compared in DFI clinical trials are ertapenem,
ampicillin/sulbactam, imipenem/cillastin, and piperacillin/
tazobactam. The Portuguese Directorate-General of Health
recommends the administration of carbapenems or ureido-
penicillins with a 3-lactamase inhibitor (piperacillin/tazo-
bactam) for severe infections."” It is our opinion that these
therapeutic options must be adjusted accordingly to the
microbiological profile of each unit.

In Portugal, few studies have been performed to describe
the microbiological profiles of DFIs. To our knowledge, there
are 3 studies concerning this topic: Cabete et al," Mendes
et al,” and Barbosa et al.?’ In both Mendes et al and Barbosa

et al studies a Gram-positive predominance was observed,
similar to other Western studies. Cabete et al’s study included
all the microbiological isolates collected from DFUs in out-
patients and inpatients of our Diabetic Foot Multidisciplinary
unit.* While portraying the microbiological profile present in
our unit activity, information about empiric antibiotic regi-
mens could not be withdrawn.

Gram-positive bacteria, particularly Staphylococcus,
have consistently been reported to be the most common
DFUs pathogens in the Western literature.*' This finding is
also corroborated by our study, where 60% of the bacteria
isolated are Gram-positive. In an opposite direction, recent
studies performed in Mexico and Greece recorded a worri-
some evolution toward a Gram-negative bacteria predomi-
nance (53% to 57%), even though S aureus remained the
most commonly isolated pathogen (22% to 27%).*>*

Similarly to the previously mentioned Portuguese stud-
ies, Gram-positive bacteria were predominant within our
microbiological background, with S aureus being the most
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common isolate. Nevertheless, our prevalence of Gram-
negatives isolates (40%) is superior than the one reported
by Mendes et al (19%). This disagreement can be due to the
distinctive features of the study populations, since ours cor-
responds to moderate-to-severe DFIs that required hospital-
ization, whereas in the Mendes et al’s study, only 34.7% of
the cultures were performed on inpatients. Additionally,
40.8% of the bacteria identified in our population were col-
lected from cultures performed on DFIs of patients previ-
ously followed in the outpatient clinic, that is, long-standing
ulcers with numerous visits to health care facilities to
undergo optimal dressing treatments. Moreover, the differ-
ence between the percentage of Gram-negative bacteria
found in our OG (51%) and in the EG (32.4%) is easily
understandable and explained by the previously described
factors.

Considering the ISDA guidelines and the recommenda-
tion of the Portuguese Directorate-General of Health, the
choice of a broad-spectrum agent must be adjusted to its
effectiveness, to the specific microbiological background,
and correspondent AST. A direct comparison between
piperacillin/tazobactam and imipenem/cillastin was drawn
by Saltoglu et al with similar clinical outcomes.* The ISDA
recommendation is to consider imipenem/cillastin when
ESBL-producing pathogens are suspected, which only
encompass 2.4% of our isolates.'’ Overall safety and effi-
cacy rates are similar when comparing piperacillin/tazobac-
tam with ampicillin/sulbactam, albeit the latter has shown
decreased efficacy against P aeruginosa.” The studies per-
formed comparing piperacillin/tazobactam with ertapenem
stated that both drugs have comparable clinical results in
treating DFL.?**" Nevertheless, ertapenem lacks activity
against P aeruginosa and Enterococcus spp.”*>° Takimoto
et al published, in 2017, a review of the effectiveness of
piperacillin/tazobactam in the treatment of complicated
skin and soft tissues infections, which includes DFI, sup-
porting its use in severe infection, over ertapenem or moxi-
floxacin, due to the emergence of resistant organisms to the
late antibiotics.’' Piperacillin/tazobactam also recorded the
lowest antibiotic resistance rate within the Gram-negative
pathogens (including P aeruginosa) in a Greek DF unit
study.?

Considering the AST data and the comparison estab-
lished between recommended empiric antibiotics (Tables 2
and 3), there are some highlights to address. Excluding
MRSA, Gram-positive bacteria represented 45% of the
pathogens recorded (n = 56), and almost all of them were
sensitive to amoxicillin/clavulanic acid and piperacillin/
tazobactam, with the exception of one isolate of Enterococcus
faecalis. MRSA accounted for 15.2% (n = 19) of the iso-
lates, and its prevalence was similar between the 2 discrimi-
nated groups (EG = 15%, OG = 15.7%), which means that
this pathogen was isolated in 19 out of 87 cultures per-
formed (22%). This finding underlines the importance of

evaluating the risk factors for community-acquired MRSA
in order to add, in empiric antibiotic regimens, anti-MRSA
coverture. Fermenter Gram-negative bacteria (n = 30,
24%) recorded a prohibitive resistance rate to amoxicillin/
clavulanic acid (73%), contrasting to ertapenem (0%) and
piperacillin/tazobactam (13%). The prevalence of P aerugi-
nosa (n = 15, 12%) and E faecalis (n = 15, 12%) explains
the difference between the global coverage rate of ertape-
nem (56.8%) and piperacillin/tazobactam (72.8%). Within
the scientific community, there is still debate about the
pathogenic role of these 2 bacteria, with some authors
claiming that it does not have a significant impact in the
clinical outcome.” On the other hand, according to Zhang
et al, lower healing rates and higher amputation rates were
correlated with isolated multidrug resistant P aeruginosa,
which enhances its pathogenic role.” In our pool of micro-
biological cultures, the exclusive growth of P aeruginosa (n
= 7) or E faecalis (n = 3) was verified in the presence of
clinically evident moderate-to-severe infection. Henceforth,
it is wise to establish a direct causal relationship and caus-
ative agents of the infectious process. Taking all facts into
consideration, especially the low activity of ertapenem
against these 2 bacteria and the emergence of carbapene-
mase-producing Klebsiella pneumoniae in Portugal,**** we
are convicted that piperacillin/tazobactam should be the
broad-spectrum antibiotic chosen in moderate-to-severe
DFI. Ertapenem should be considered a second-line agent
or an alternative to piperacillin/tazobactam if it is contrain-
dicated or if it does not allow sufficient antibiotic cover-
age.”*** The addition of linezolid or vancomycin to the
antibiotic regimen for MRSA-specific coverage must be
recommended for severe DFI. We encourage an exhaustive
screening for MRS A-specific risk factors at baseline patient
evaluation. Due to the MRSA low resistance rates to cotri-
moxazol this antibiotic has a potential role as a therapeutic
option in empiric coverage. However, the studies performed
on this topic involved only mild/moderate DFI that did not
require hospitalization.”*® A well-designed, prospective,
randomized, controlled trial should be performed in order
evaluate the use of cotrimoxazol in moderate-to-severe
DFI.

DF units are encouraged to routinely reassess the valid-
ity of their empirical antibiotic regimen, so our study is of
extreme value for our practice and to provide insight of the
Portuguese reality, as studies have been so far scarce.
However, they are insufficient to build a national guide-
line. First, the study design did not measure other risk fac-
tors (peripheral arterial disease, glycemic control, previous
antibiotic treatments, and others) that may influence the
microbiological infective DF flora. Additionally, system-
atic differentiation between the severity grades, IIT and IV
(PEDIS) or moderate and severe (ISDA), was not per-
formed. Finally, it is impossible to draw general resistance
rate conclusions based on a limited number of isolates,
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exemplified by the Gram-negative rods (Enterobacter spp
n = 5; E colin = 7; and Klebsiella spp n = 4). A longitu-
dinal, well-designed prospective study with a multivariate
analysis might be able to define risk factors—specific anti-
biotic regimens. Nevertheless, our data provide valuable
information for antibiotic selection in a real-world sce-
nario where limb or even life-threatening DF infections
require immediate, but as targeted as possible, antibiotic
treatment.

Conclusions

Gram-positive bacteria are still the main causative patho-
gens of DFI. Our study highlights piperacillin/tazobactam
as the best first-line empirical antibiotic option to treat mod-
erate-to-severe DFI in our Portuguese DF-referral inpatient
center. Screening for MRSA-specific risk factors is manda-
tory and an anti-MRSA agent should be added early if nec-
essary. Further longitudinal research is warranted to make
grounds for a new Portuguese Guideline for proper DF
empirical antibiotherapy.
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