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Microbiology and Antibiotic Selection for Diabetic Foot Infections

Se-Jin Park, M.D., Haw-Jae Jung, M.D., Hun-Kyu Shin, M.D., Eugene Kim, M.D., Jong-Jun Lim, M.D., Ji-Woong Yoon, M.D.

Department of Orthopedic Surgery, Kangbuk Samsung Hospital, Sungkyunkwan University College of Medicine, Seoul, Korea

=Abstract=

Purpose: To help the empirical antibiotics selection in diabetic foot infection patients, we investigated prevalence of microorganisms
and their antibiotics sensitivity results.

Materials and Methods: Patients who came to our clinics to treat diabetic foot infections with deep ulceration and were followed up
more than 6 months until complete recovery were adopted. From March 2006 to June 2009, there were 140 patients who
corresponded with such a inclusion criteria. Wound cultures were done by deep tissue or bone debris at first visit to our clinics.
Microorganisms which was documented by wound culture and most susceptible antibiotics by minimum inhibitory
concentrations were surveyed retrospectively.

Results: Microorganisms were confirmed in 113 cases (80.7%). In the other 27 cases (19.3%), there were no cultured micro-
organisms. In bacterial growth group, there were 72 cases (63.7%) of gram-positive bacteria and 41 cases (36.3%) of gram-
negative bacteria. All of them were aerobic microorganisms and there were no anaerobic microorganisms. Methicillin-sensitive
staphylococcus aureus was the most common pathogen and accounted for 35 cases (31.0%). As other common pathogens, there
were Enterobacter cloacae (11 cases, 9.7%), pseudomonas aeruginosa (10 cases, 8.8%), Methicillin-resistant staphylococcus
aureus (10 cases, 8.8%) and enterococcus faecalis (6 cases, 5.3%), and so on. Common susceptible antibiotics in gram positive
microorganism were vancomycin (60 cases, 83.3%), teicoplanin (60 cases, 83.3%), nitrofurantoin (60 cases, 83.3%) and
ciprofloxacin (53 cases, 73.6%). In gram negative ones, common susceptible antibiotics were imipenem (35 cases, 85.3%),
piperacillin/tazobactam (33 cases, 80.5%) and gentamicin (31 cases, 75.6%).

Conclusion: Methicillin-sensitive Staphylococcus aureus in gram positive and enterobacter cloacae in gram negative was the most

common pathogen in each group. Ciprofloxacin and gentamicin might be adaptable as a first-line empirical antibiotics in infected
diabetic foot patients.

Key Words: Foot, Infected diabetic foot, Empirical antibiotics, Wound culture, Minimum inhibitory concentration
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Table 1. Age and Gender Distribution of 140 Patients with
Diabetic Foot Infections
Age Gender )
(years) Male Female No. of patients(%)
<40 7 1 8 (T%)
41~50 6 6 12 (9%)
51~60 16 8 4 (16%)
61~70 44 18 62 (44%)
71~80 12 15 27 (19%)
81~90 2 5 7 (5%)
Total 87 53 140 (100%)

oBA| vjA], Brucella vjZ|o] HZ3}od 35~37CollA] 24~
184 epskon, elE 2o $4S 47 A4t o
Vitek II (BioMerieux, Marcy I’Etoile, France) A|28lE
ol g3ty #A HAR= CLSI(Clinical and Laboratory
Standard Institute)2] 7}o]=2telo] wa) vjoks 2 18k
OFAlSI SO 2 HEslo] IO o] e ELARE
TH(Staphylococcus aureus) A5} AUH(Enterococcus
species) AIE0 2, T138XJH0] AL A Al Enterobacter
species) A&} 1T 7H Glucose—non—fermenting Bacteria)
o2 e 5 Z2te] Aol weh A8E A Table 2)
of tis] 4 JA| FE(Minimal Inhibitory Concentra—
tion, MIC) S Egﬂ }41:]1 71—*/& z7]- 7P/\/\—] H]7¥/\}\—](LH
Yoz neser Ee o Aol tet 549
71 i @71 He® BRstel O RS Q?lﬂ
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A BAEE AL
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reactive protein, CRP)©] %

s

% 140919) BRoN Ak Az 7 Wl A B
7} 8% oll= 113901(80.7%) 019l U] 274](19.3%)
o\ M= 7t S E A U viSE 11399 ot
A g FA3atol 72¢9(63.7%) 01 Rl 1 SAdto] 414
(36.3%)01%oH B 714 w731, F714 457t i
FEE dle $lthTable 3). o] & HEAY T4 2=
A F-at(Methicillin—sensitive staphylococcus aureus,
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Table 2. Combination of Antibiofics using Antibiotics Sensitivitly Test according to Organism

Enterococcus species

Staphylococcus species(G+) Enterobacteria species(G+) Streptococcus Non—fermenter species(G—)
Agalactiae(G—)
Benzylpenicillin Ampicillin Ticarcillin Benzylpenicillin
Oxacillin Amoxicillin/Clav, acid Ticarcillin/Clav, Acid Ampicillin
Cefoxitin Screen Piperacillin Ampicillin/Sulbactam Ampicillin/Sulbactam
Gentamicin Piperacillin/Tazobactam Piperacillin Imipenem
Habekacin Cefalothin Piperacillin/Tazobactam Gentamicin HL
Ciprofloxacin Ceftazidime Ceftazidime Streptomycin HL
Clindamycin Cefotaxime Cefotaxime Ciprofloxacin
Erythromycin Cefepime Cefepime Levofloxacin
Inducible CLI Resistance Cefoxitin Aztreonam Norfloxacin
Mupirocin Imipenem Imipenem Teicoplanin
Quinupristin/Dalfopristin Meropenem Meropenem Vancomycin
Tetracycline Aztreonam Amikacin Clindamycin
Rifampicin Amikacin Gentamicin Erythromycin
Fusidic acid Gentamicin Tobramycin Linezolid
Nitrofurantoin Tobramycin Colistin Nitrofurantoin
Linezolid Levofloxacin Ciprofloxacin Trimethoprim/Sulfa
Telithromycin Trimethoprim/Sulfa Levofloxacin Quinupristin/Dalfopristin
Teicoplanin ESBL Confirm Minocycline Tetracycline
Vancomycin Positive Control V2 Trimethoprim/Sulfa Tigeycline
Tigeycline
Trimethoprim/Sulfa

mo HHO
=

MSSA)0| 359(31.09%) 2 714 The BB xpAskgic} 1
th2 o 2= dlg|28HE 2ol |4 (Enterobacter cloacae)
o) 11009, 7%92 FeIEAT, 1 9] B FoRE =5
+(Pseudomonas aeruginosa)©] 109|(8,8%), HEJAT A
FA Z AL (Methicillin—resistant staphylococcus
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Table 3. Bacteria isolated from Diabetic Foot Infections of 140
Patients

No. of isolates % of

Bacteria patients
Gram—positive bacteria
Methicillin—susceptible
Staphylococcus aureus(MSSA) 35 (25.0%)
Methicillin—resistant 10 (7.1%)
Staphylococcus aureus(MRSA)
Other staphylococcus spp. 7 (5.0%)
Enterococcus fecalis 6 (4.3%)
. - 4 (2.9%)
Staphylococcus epidermidis 10 (7.1%)
Other Gram—positive bacteria
Gram—negative bacteria
Enterobacter cloacae 11 (7.9%)
Pseudomonas aeruginosa 10 (7.1%)
Morganella morganii 5 (3.6%)
Escherichia coli 4 (2.9%)
Other Gram—negative bacteria 11 (7.9%)
No growth 27 (19.3%)
Total 140 (100%)
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aureus, MRSA)©] 109(8.8%), QNH|Z2FFA uto|za] A
TH(Enterococcus faecalis)©] 69(5.3%) &0t 13 oF
At ol A AA 720 F ZE=AFo] F 5692 77.8%
£ ARG eH 11 5 MSSA7F 3592 48,6%5 AFAI5H3
11 MRSA7} 1092 13.9%, 718} T2 Z24t Hiato] 119 =
15.3%5 ApAsklet. 13t 44k oM AA 419 &
Qe =ue Z2otA o] 119(26.8%) 2 71 WL, =&
o+ 109|(24.4%), ZR2E|-SA B2 A9 (Proteus vulgaris)
499(9.8%)<=0] }rt,

24 A FEE 7|E0R o] e Al B L W=
7} =2 A0 2= % F/dutollA] Vancomycin, Teicoplanin
Z12]1 Nitrofurantoin®] 25 609)(83.3%) oA A
Hol 71 =4 ygkon 1 th8 9 2= Ciprofloxacin
539 (73.6%) 0l A 43S Hth, 18 Sl A
Imipenem©| & 359|(85.3%) % 7 =& W& HYOo
w 71 th2-0 2= Piperacillin/Tazobactam (334, 80.5%),
Gentamicin (31¢], 75.6%)°]%lt}, E3t Ciprofloxacin®|
I 545 & % 2690(63.4%) 0014 S Kol THA
E 45730 =& AR 1= SItkTable 4),

vk ool o A S Hole AT
gRIsHE Holle 17 F/dwtellAl Clindamycino] 33
(45.8%)2 7} Worow 1 th2 02X Erythromycin
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Table 4. Number of Sensitive Antibiotics resulting from Antibiotics
Sensitivitly Test

No. of antibiotics % of

Bacteria .

patients
Gram—positive bacteria
Teicoplanin 60 (83.3%)
Vancomycin 60 (83.3%)
Nitrofurantoin 60 (83.3%)
Ciprofloxacin 53 (73.6%)
Trimethoprim/Sulfa 52 (72.2%)
Rifampin 48 (66.6%)
Moxifloxacin 45 (62.5%)
Gram—negative bacteria
Imipenem 5 (85.3%)
Piperacillin/Taz 3 (80.5%)
Gentamicin 1 (75.6%)
Cefepime 7 (65.8%)
Tobramycin 27 (65.8%)
Ceftazidime 7 (65.8%)
Ciprofloxacin 6 (63.4%)
(289, 38.9%), Moxifloxacin(28¢, 38,9%)<=0]11L 13
LX) A= Ciprofloxacin®| & 319(75.6%) 2 7} W3k

o 71 th2% 2= Meropenem(149|, 34.1%), Gentamicin
(89l, 19.5%)<=0]ltHTable 5),

=3 499 B x%;zﬂ 1409| 5 27¢)1(19.3%) ©| 3L ¥
SE= #50 T 1892 11 5 lH| = S2o
1} 1) 3E e (Staphylococcus epidermidis)©] 74
Ao g 71k wekom MRSA (5¢), HEt++(Klebsiella
pneumonia) (5)<=0|itt. E7|4 = 16](dE| =old| =
IZa}2lE] Aqt(Bacteroides fragilis)) oA EHelw]qich,

C-1k2A D]—HHZ]O] AAysl 5|3 Abulalz) QA w9

ARG AZEE 41,499 7]7to] 42 E|Glom F 339

ZEL

Table 5. Number of Most Sensitive Antibiotics from Antibiotics
Sensitivity Test

. No. of antibiotics % of
Bacteria

patients

Gram—positive bacteria
Clindamycin 33 (45.8%)
Erythromycin 28 (38.8%)
Moxifloxacin 28 (38.8%)
Quinupristin/Dafo, 23 (31.9%)
Ciprofloxacin 8 (11.1%)

Gram—negative bacteria
Ciprofloxacin 31 (75.6%)
Meropenem 14 (34.1%)
Gentamicin 8 (19.5%)
Tobramycin 7 (17.0%)
Levofloxacin 4 (9.7%)
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