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Abstract:

BACKGROUND: In diabetic foot infections (DFIs), the diversity of microbial profile and ever-changing
antibiotic-resistance patterns emphasize accurate characterization of microbial profile and antibiotic
susceptibility pattern. The aim of the study was to investigate the pathogens associated with DFI
and their antibiotic susceptibility patterns.

MATERIALS AND METHODS: A cross-sectional retrospective study was conducted at a tertiary-care
hospital, Oman. The socio-demographic and microbiological profile and antibiotic susceptibility
patterns of pathogens isolated from patients with DFls from January 2013 to December 2018 were
reviewed. Quantitative and qualitative variables were expressed as mean + standard deviation
and percentages, respectively. A Chi-square test was used for testing the association between
multidrug-resistant (MDR) organisms and variables.

RESULTS: In total, 233 isolates recovered from 133 clinical specimens with an average of
1.8 organisms per specimen were included in the study. Fifty-six and forty-four percent of specimens
showed monomicrobial and polymicrobial growth of two or more organisms, respectively. The
frequency of isolation was predominant among males (65%). Aerobic Gram-negative rods were
predominantly (75%) isolated compared to Gram-positive organisms (25%). Staphylococcus aureus
and Pseudomonas aeruginosa were the most frequently isolated Gram-positive and Gram-negative
bacteria, respectively. Thirty-eight percent of them were MDR strains. Gram-negative organisms
showed fairly good susceptibility ranging from 75% to 100% to carbapenems, aminoglycosides,
and piperacillin-tazobactam. While doxycycline and trimethoprim-sulfamethoxazole showed good
susceptibility toward Gram-positive organisms.

CONCLUSION: DFls are often polymicrobial with a predominance of Gram-negative pathogens. This
study recommends the use of carbapenems and doxycycline for empirical therapy of Gram-negative
and Gram-positive bacterial DFIs, respectively.
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consequences due to damage to various
end organs.!" It is of major global public
health concern afflicting a large number of
people of all socioeconomic statuses.”! As
per the report of the international diabetes

Introduction

Diabetes is one of the oldest and major
chronic noncommunicable endocrine
disorders, which may result in severe health
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federation, the number of people living with diabetes
in the world in 2017 was 435 million.”! The number is
alarmingly increasing and would rise to 728 million by
the year 2045.°1 The prevalence of diabetes in Middle
Eastern and North African (MENA) regions is also high.
About 39 million people were diagnosed with diabetes
in the MENA region in 2017.1 In Oman, approximately
367 thousand people were found to be suffering from
diabetes in 2017.1 The prevalence of diabetes is projected
to double in the MENA region by 2035.1!

One of the serious consequences of diabetes is diabetic
foot infections (DFIs) and its complications such as
osteomyelitis."! These further may lead to repeated
hospitalization, treatment failure, and increased
health-care expenses.®! A previous study reports that
at least 20% of the DFIs are managed by lower limb
amputation.”? DFIs are common, especially in men and
individuals older than 60 years.!"”! The development of
DFlis predisposed by multiple factors such as peripheral
vascular disease (PVD), peripheral neuropathy, trauma,
diabetic foot ulcer (DFU), and impaired host immunity.?!
However, the optimal management of DFIs and DFUs
through a multi-disciplinary approach favors the better
outcome in terms of reduced morbidity, mortality, and
health-care costs.”!

The microbiology of DFlis often polymicrobial comprising
of both Gram-positive and Gram-negative aerobic
bacteria and anaerobes.!**! Concerning the etiology of
DFI, studies have shown diversity in pathogens and
their susceptibility patterns. Staphylococcus aureus was
reported as a predominant pathogen associated with
DFLP In contrast, the predominance of Gram-negative
bacteria such as Pseudomonas aeruginosa, Escherichia
coli, and Klebsiella pneumoniae was observed in some
studies.”!” Other common Gram-negative rods isolated
from DFI are Proteus spp. and Acinetobacter baumannii.>*%

Optimal management of DFI requires the appropriate
selection of antibiotics based on the antibiotic
susceptibility pattern of isolates.”?! The type of infecting
microorganisms and their antibiotic susceptibility
pattern differs from country to country and from one
region to another within the country.”#! Globally,
multidrug-resistant organisms (MDROs) such as
methicillin-resistant S. aureus (MRSA), extended-spectrum
beta-lactamase (ESBL) producers, carbapenem-resistant
Enterobacteriaceae (CRE) have dramatically increased in
the past two decades. These pose a serious challenge for
physicians to treat DFIs and are often lead to treatment
failure and increased mortality.>'''? Indiscriminate
use of antibiotics is a major factor driving antibiotic
resistance.”!"1?l Therefore, it is necessary to routinely
assess microbes and their antibiotic resistance patterns.
The precise knowledge among clinicians about the
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pathogens and their antibiotic susceptibility pattern in
a particular locality and judicious use of antibiotics is
imperative for better management of DFIs and thereby to
reduce the development of antimicrobial resistance and
healthcare expenses.""'2 On a thorough literature search,
authors could not find any such studies related to DFIin
Oman, particularly in the North-Batinah region of Oman.
Hence, the aim of the current study was to determine the
bacterial profile and antimicrobial susceptibility pattern
of pathogens isolated from patients with DFL

Materials and Methods

Study design

The current retrospective cross-sectional study was
conducted at a 400-bed tertiary care hospital in the
North Batinah region, Oman. The data of 233 bacterial
isolates recovered from 74 patients diagnosed with a
DFI from January 2013 to December 2018 were retrieved
systematically from Al-Shifa Computerized System and
microbiology laboratory records. The data included a
socio-demography, clinical, and bacterial profile of DFIs
and their antibiotic susceptibility patterns.

Ethical consideration

The study was approved by the Research and
Ethical Committee, Ministry of Health, Oman
(MH/DHGS/NBG/9/2018).

Data collection and sample processing procedure
Specimen collection and bacterial identification method
The surface of the wound was vigorously cleaned with
saline to avoid the possible isolation of normal skin
commensals rather than the pathogen. After a thorough
cleaning, the specimen was collected by scraping from
the ulcer base, wound curettage, and aspiration of
the pus, necrotic tissue, and bony fragments. Gram
staining of these specimens was done to differentiate
between colonization and infection using Q score.
Specimens were cultured by plating on MacConkey
agar and Blood agar and incubated at 37°C in ambient
air. The isolates were identified up to the species level
by the standard microbiological methods and the
automated VITEK 2 system (Bio-Merieux, France) as
recommended by the Clinical Laboratory Standards
Institute (CLSI).¥ Antimicrobial susceptibility testing
was performed using Kirby-Bauer’s disc diffusion
method on Mueller-Hinton agar using Oxoid antibiotic
discs. The antibiotic panel used are gentamicin (10 ug),
clindamycin (2 pg), linezolid (30 ug), erythromycin (15 ug),
ampicillin (10 pg), trimethoprim-sulfamethoxazole
(1.25/23.75 ug), ciprofloxacin (5 pg), amoxicillin-clavulanic
acid (30 ug), piperacillin-tazobactam (100/10 ug),
imipenem (10 pug), meropenem (10 pg), amikacin (10 pg),
doxycycline (30 pg), vancomycin (30 pg), cefotaxime
(30 ug), ceftriaxone (30 pg), cefuroxime (30 ug),
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ceftazidime (30 ug), and colistin (10 ug) as recommended
by the CLSL.'™ Vancomycin and oxacillin minimal
inhibitory concentrations were determined by E-Test (Bio
Mérieux) according to CLSI guidelines. Quality control
was performed using E. coli ATCC 25922, P. aeruginosa
ATCC 27853, and S. aureus ATCC 29213. The antibiotic
susceptibility report of each isolate was interpreted as
sensitive, intermediate, or resistance as per the CLSI
guidelines.['?!

Identification of multidrug-resistant organisms

The organisms that have acquired non-susceptibility
to at least one antimicrobial agent in three or more
classes of antimicrobial agents were termed as
multidrug-resistant (MDR) pathogens. Further, MDROs
were categorized as MRSA, ESBL producers, and CRE.

Staphylococcus species were tested for methicillin
resistance using cefoxitin disc (30 ug). Inhibition
zone <21 mm with cefoxitin disk was reported
as methicillin-resistant and a zone diameter of
=22 mm was considered sensitive according to the CLSI
guidelines.™” Gram-negative bacilli were further tested
for the production of ESBL by a double-disc diffusion
method using ceftazidime (30 pug) and ceftazidime/
clavulanicacid (30/10 pg). An increase in diameter of =5
mm with ceftazidime plus clavulanic acid as compared
to ceftazidime disk alone was considered positive for
ESBL detection." The resistance of Gram-negative
Enterobacteriaceae organisms to carbapenems and colistin
were referred to as CRE and colistin-resistant organisms,
respectively.

Data analysis

The data obtained were entered and analyzed using
Statistical Package for Social Sciences (SPSS) version 22,
IBM, Chicago. Quantitative variables were expressed as
mean + standard deviation, while qualitative variables
were expressed as percentages. Chi-square test (with
or without Yates correction) was used for testing the
association between MDRO and variables. Odds Ratios
were derived with 95% confidence intervals.

Results

In the current study, a total of 233 isolates recovered
from 133 clinical specimens with an average of 1.8
organisms per specimen were included in the study.
Table 1 shows the socio-demography and clinical
characteristics of patients with DFI. The frequency of
isolation was predominant among males (65%) compared
to females (35%). The mean age of the subjects was
65 = 11 and nearly three-fourth (76%) had a history of
diabetes for more than 10 years. Among them, 24% and
46% had osteomyelitis and amputation, respectively.
Concerning underlying comorbidity, the vast majority of
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Table 1: Sociodemographic characteristics of diabetic
foot patients

Characteristic (variables)

Values, n (%)

Age (mean+SD) 65+11
Gender
Male 48 (65)
Female 26 (35)
Nature of the diabetic foot disease
Diabetic foot ulcer 42 (57)
Diabetic foot gangrene 17 (23)
Diabetic foot abscess 17 (23)
Comorbidities and complications
Peripheral vascular diseases 67 (91)
Cardiac complications 35 (47)
Peripheral neuropathy 33 (45)
Nephropathy 21 (28)
Retinopathy 7(9)
Osteomyelitis 18 (24)
Amputation of the toes, foot or leg 34 (46)

SD=Standard deviation

the patients had PVDs (91%). Cardiac conditions including
hypertension (47%), peripheral neuropathy (45%),
nephropathy (28%), and retinopathy (9%) were the other
comorbidities noticed in these patients.

Table 2 depicts the bacterial culture characteristics and
the type of bacteria isolated from the clinical specimens
obtained from the patients of DFI. Polymicrobial
growth of two or more organisms was observed
predominantly (56%) compared to monomicrobial
growth (44%) in clinical samples. Gram-negative
bacterial isolates were (75%) predominant compared
to Gram-positive bacteria (25%). S. aureus (19%) was
the most common Gram-positive isolate, followed
by Streptococcus spp. (4%), S. epidermidis (1%), and
E. faecalis (1%). Among the Gram-negative bacteria,
P. aeruginosa was the predominant isolate (17%),
followed by Enterobacteriaceae such as E. coli (16%),
K. pneumoniae (15%), Proteus spp. (13%), Enterobacter
spp. (5%), Citrobacter spp. (3%), and M. morgagnii (2%).
A. baumannii (3%) was the other non-fermentative
Gram-negative bacilli isolated apart from P. aeruginosa.

Antibiotic susceptibility pattern of the clinical isolates
obtained by Kirby-Bauer disk diffusion technique
are summarized in Table 3. All Gram-positive
isolates were susceptible to doxycycline while
all Staphylococcus strains were susceptible to
trimethoprim-sulfamethoxazole (TMP-SMX). Fifty-nine
percent (59%) of S. aureus strains were found to be
methicillin-resistant Staphylococcus aureus (MRSA).
All MRSA and Enterococcus spp. were susceptible to
vancomycin and linezolid.

Gram-negative bacteria have shown a wide variation in their
susceptibility pattern to the tested antibiotics [Table 3]. The
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Table 2: Characteristics of culture and bacteria
isolated from diabetic foot lesions

Culture characteristics Value, n (%)
Total number of specimens cultured 133
Total number of isolates 233
Nature of the microbial growth

Monomicrobial 74 (56)
Polymicrobial 59 (44)
Total number of Gram-positive bacteria isolated
from the clinical specimen (n=59)
S. aureus 44 (19)
CONS 03 (1)
Streptococcus spp. 09 (4)
Enterococcus spp. 03 (1)
Total number of gram negative bacteria isolated
from the clinical specimen (n=174; 75%)
P. aeruginosa 40 (17)
E. coli 37 (16)
K. pneumoniae 35 (15)
Proteus spp. 31 (13)
Citrobacter spp. 8(3)
Enterobacter spp. 12 (5)
A. baumannii 7 (3)
M. morganii 4 (2)
MDR pathogens
MRSA 26/54 (59)
MDR Gram negative pathogens 62/174 (36)
ESBL producers 32/52 (62)

CRE 7/62 (11)
Colistin resistant gram-negative pathogens 8/174 (5)
Other MDR pathogens 29/174 (17)

CONS=Coagulase negative staphylococci, MDR=Multidrug-resistant, S.
aureus=Staphylococcus aureus, P. aeruginosa=Pseudomonas aeruginosa,
E. coli=Escherichia coli, K. pneumoniae=Klebsiella pneumoniae, A.
baumannii=Acinetobacter baumannii, M. morganii=Morganella morganii,
ESBL=Extended-spectrum beta-lactamase, CRE=Carbapenem resistant
Enterobacteriaceae, MRSA=Methicillin resistant S. aureus

susceptibility of Gram-negative organisms to carbapenems,
piperacillin-tazobactam, and aminoglycosides ranged from
75% to 100%. While low to high-level resistance (0-75%)
of Gram-negative organisms to cephalosporins,
amoxicillin-clavulanic acid, ampicillin, and TMP-SMX
was observed. Table 4 shows the association of study
characteristics in patients infected with MDROs and
non-MDROs. Thirty-six percent (36%) strains were found to
be MDR Gram-negative pathogens. Among them, 52%, 11%,
and 8% were ESBL producers, CRE, and colistin-resistant
organisms, respectively. K. pneumoniae (38%), E. coli (36%),
P. aeruginosa (10%), Proteus spp. (7%), A. baumannii (5%),
Citrobacter spp. and Enterobacter spp. (2% each) were the
commonly isolated MDR Gram-negative isolates. Colistin
resistance was noticed in 3% and 2% of K. pneumoniae and
Proteus spp. respectively.

Discussion

DEFIs are common devastating complications in diabetes
mellitus (DM) patients.!'”! Untreated DFIs may lead to
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consequences such as osteomyelitis and amputation.[”]
From time to time, the pattern of bacterial profile and
their antibiotic susceptibility pattern changes from one
region to another within the country and also between
the countries. Lack of updated knowledge among
physicians regarding the microbial profile and their
antibiotic susceptibility pattern in a locality will hinder
the selection of appropriate empirical antibiotic therapy
of DFI for the best outcome.™ In the current study, the
majority (60%) of DFIs were seen predominantly in
elderly people, aged >60 years and the odds ratio when
age more than 60 years were compared with the rest
was 1.851 (0.7041-4.917). Increased prevalence among
the elderly is due to multiple reasons such as longer
duration of DM, the presence of multiple comorbidities,
and reduced immune status.® DFIs are more common
among males due to the fact that they more frequently
involved in outdoor activities and are prone to develop
injuries and foot ulcers. These findings are consistent
with previous studies.['!

Among the co-morbidities, PVD was the most commonly
associated comorbidity, followed by hypertension,
neuropathy, nephropathy, and retinopathy. PVD
increases the risk of microvascular and macrovascular
complications. Common devastating problems of the
DFls are osteomyelitis and nontraumatic lower limb
amputation.'”! A total of 1739 (47.3%) diabetes-related
amputation was performed between 2002 and 2013
in Oman and about two-thirds of these patients were
males.[78I Similar to these results, 46% of the patients in
our study group had undergone amputation.

Microbiological evaluation revealed that DFIs are often
polymicrobial (44%) similar to previous studies.!*?1213]
Regarding the predominance of the etiological agent
in DFI, several studies have shown diversity in the
pathogens associated with the infections.!01920]
Studies by Mohanty et al. and Sugandi et al. have
shown the predominance of Gram-negative rods such
as P. aeruginosa and E. coli.’'% In contrast, Mendes
et al. and Ramakant et al., in their studies observed
the predominance of DFI by S. aureus.'”?! In line with
this, we observed the predominance of Gram-negative
bacterial infection overall (75%) with P. aeruginosa being
the most frequently isolated Gram-negative pathogen.
However, overall S. aureus remains the most common
isolate in our study subjects which is similar to studies
mentioned elsewhere.["2

Knowledge about the local antibiotic susceptibility
pattern of the isolates is highly essential for the proper
management of DFIs. In the present study, antibiotics
such as vancomycin and linezolid showed 100%
susceptibility toward Gram-positive isolates. These
findings are congruent with the previous studies.®'2*!
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Table 4: Association of study characteristics in patients infected with multidrug-resistant organisms and

nonmultidrug-resistant organissms

Characteristic MDRO (n=45) Non-MDRO (n=29) P OR (95%)
Age (years)

<50 7 5 0.35887 1.000

51-60 8 9 0.635

> 60 30 15 1.429*
Patients with poor glycemic control (HBA1c >8%)* 27 5 0.04211 4.625 (1.031-23.25)
Patients with good/fairly good glycemic control (HBA1c <8%)* 9 8
Number of patients with osteomyelitis (n=16) 12 6 0.5585 1.388 (0.4081-5.194)
Number of patients who underwent amputation (n=34) 27 7 0.002512 4.611 (1.511-15.62)

HBA1c=Hemoglobin A1c, OR=0dds ratio, MDRO=Multidrug-resistant organisms

However, several global reports have shown an increase
in vancomycin-resistant strains of S. aureus and
E. faecalis.?* Therefore, the judicious use of this drug
is highly warranted to prevent the future development
of vancomycin-resistant strains in Oman. Apart from
this, all Gram-positive isolates and Staphylococcus strains
showed susceptibility to doxycycline and TMP-SMX,
while all MRSA and 33% of Enterococcus spp. have
shown resistance to amoxicillin-clavulanic acid. These
findings are in line with a study by Al-Bshabshe et al.1*’!
Therefore, doxycycline and TMP-SMX are appropriate
for empirical therapy of Gram-positive isolates. In the
current study, coagulase-negative staphylococci showed
only 67% susceptibility to ciprofloxacin, ampicillin,
clindamycin, erythromycin, and gentamicin and most of
the Gram-positive isolates showed low susceptibility to
ampicillin and ciprofloxacin. This suggests the high-level
acquisition of resistance to these drugs due to their
extensive use in treating infections. Similar high-level
resistance of Gram-positive isolates was reported by
Joseph et al 1

In the present study, imipenem and meropenem
showed good susceptibility against P. aeruginosa, A.
baumannii, and Enterobacteriaceae. All Enterobacteriaceae
showed good susceptibility ranging from 80% to
100% to aminoglycosides and piperacillin-tazobactam
except for K. pneumoniae which showed low-level
susceptibility to piperacillin-tazobactam (57%).
Similar good susceptibility to these drugs reported
by many studies.' The high rate of susceptibility
is possibly due to the limited use of these drugs
because of the high cost, more risk of side effects,
and strict guidelines for their usage.!"? These findings
suggest aminoglycosides/piperacillin-tazobactam/
carbapenems are appropriate for empirical therapy of
Gram-negative bacterial infections. Cephalosporins,
amoxicillin-clavulanic acid, ampicillin, ciprofloxacin,
and TMP-SMX have shown low susceptibility (<60%)
against P. aeruginosa, K. pneumoniae, and E. coli, while A.
baumannii showed low susceptibility to ciprofloxacin,
aminoglycosides, TMP-SMX, and cephalosporins.
Similar low to high-level resistance of Enterobacteriaceae
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to amoxicillin-clavulanic acid, ampicillin, and
cephalosporins was noticed by Kassam et al.1* This is
due to the fact of extensive use of these drugs both for
the treatment and prophylaxis and the emergence of
resistant strains.

Gram-negative organisms are known to develop
resistance to multiple antibiotics rapidly compared to
Gram-positive agents. In the last two decades, there
is a rapid increase in the rate of infections caused by
MDR Gram-negative pathogens as demonstrated by
many studies.l>'"'?l These MDR strains including ESBL
producers, colistin, and carbapenem-resistant (CRE)
organisms are generally associated with severe
infections in an increased number of patients. In the
present study, we found 36% MDR Gram-negative
pathogens and out of which 52%, 11%, and 8% were ESBL
producers, a carbapenem (CRE), and colistin-resistant
organisms, respectively. K. pneumoniae and E. coli were
the predominant ESBL producers, while carbapenem
and colistin-resistance was noticed predominantly
in K. pneumoniae. Similar to our study, Akhi et al.
reported ESBL production by various Gram-negative
bacilli while Malchione et al. reported carbapenem and
colistin resistance predominantly among K. pneumoniae
and E. coli.?**1 Treating the infections associated with
these MDR pathogens has become a challenge to
physicians and is associated with increased morbidity,
mortality, and healthcare expenses. The widespread
indiscriminate use of broad-spectrum antibiotics is the
major factor that leads to selective pressure and the
emergence of these deadly drug-resistant pathogens.
28The increasing prevalence of these MDR pathogens
is worrisome because they limit antibiotic choice
and may lead to the worst outcome. In line with this,
we observed a significantly increased association of
MDR-pathogens with complications such as amputation
and osteomyelitis compared to the patients infected
with non-MDR pathogens [Table 4]. These findings
are in accordance with the results of Banashankari
et al.®) This suggests a need for strict antibiotic policy
and caution to careful use of antibiotics in infections
caused by DFIs.B
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Limitation of the study

The present study report has some limitations. First of
all, anaerobic organisms were excluded from the present
study though they are important causes of DFI. Second,
we did not collect data on a range of vital parameters
such as length of hospital stay, history of prior
antimicrobial use, and outcome of the infection such as
recovery or death. Finally, it is a single centered study
with small sample size. Hence, the generalization of the
study results might be compromised. In spite of these
limitations, the vital information reported in the study
such as bacterial profile and their antibiotic susceptibility
patterns in our hospital would help clinicians in selecting
appropriate empirical therapy for treating DFIs for a
better outcome.

Conclusion

The findings of this study indicated that DFIs are
often polymicrobial. Gram-negative organisms were
predominantly isolated compared to Gram-positive
organisms and in most cases, the infection was
associated with S. aureus, P. aeruginosa, K. pneumoniae,
and E. coli. The presence of MDR organisms was
alarmingly high in the DFIs. Moreover, the increasing
prevalence of MDRO:s is a serious concern because of
limitations in the choice of antibiotic therapy and may
lead to the worst outcome. Gram-negative organisms
showed good in-vitro susceptibility to carbapenems,
piperacillin, and aminoglycosides, while doxycycline
and trimethoprim-sulfamethoxazole found to be effective
against Gram-positive agents and hence they can be
recommended for empirical therapy of Gram-negative
and Gram-positive organisms respectively. The diversity
of microbial profile and ever-changing antibiotic
resistance patterns emphasize accurate microbial
characterization from time to time and disseminating
precise knowledge among physicians about usual
pathogens and their antibiotic susceptibility patternina
region will allow them to make the appropriate antibiotic
of choice for better management of DFI. This further
helps in controlling the emergence of drug-resistant
pathogens, reduction in health-care costs and better
outcomes.
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