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bacteria, diabetic foot The diabetic foot ulcer prevalence was 6.3% globally and 7.3% in Indonesia. This
ulcers, logistic study analyzes the relationships between the type of germs and antimicrobial
regression, medical susceptibilities to the Wagner’s degree of diabetic-foot-ulcers on patients with type-2
records, multivariate diabetes mellitus admitted to Dr. Moewardi regional hospital. The method used in
analysis this observational analysis is a cross-sectional approach. The variables used were the

type-of-germs, antimicrobial susceptibilities, and the degree of diabetic-foot-ulcers
with the data extracted from 149 inpatients between the period of 2021-2022 and
tested with Fisher’s-exact and multinomial-logistic-regressions. Data for the
4-most-frequent germs on the diabetic-foot-ulcers are Pseudomonas aeruginosa
(17.4%; 26/149), Escherichia coli (12.8%; 19/149), Klebsiella pneumoniae ss.
Pneumoniae (11.4%, 17/149) and Proteus mirabilis (10.7%; 16/149). Data for the
4-most-frequent antimicrobial susceptibilities are ampicillin (20,8%; 31/149),
sulfamethoxazole (20,8%; 31/149), gentamicin (18,8%; 28/149) and amikacin
(16,1%; 24/149). Data for the 3-most-frequent degree of diabetic-foot-ulcers are the
4th (39.6%; 59/149), 3rd (31.5%; 47/149) and 2nd (19.5%; 29/149) degrees. There is
no relationship between the type-of-germs and the degree of diabetic-foot-ulcers
(p=0.111). There is a relationship between antimicrobial susceptibilities and the
degree of diabetic-foot-ulcers (p=0.009). There is a relationship between the
type-of-germs and antimicrobial susceptibilities (p=0,0001). There is a simultaneous
relationship between the type-of-germs (p=0.029) and antimicrobial susceptibilities
(p=0.032) to the degree of diabetic-foot-ulcers (p=0.005). Therefore, it is necessary
to conduct microbial culture and antimicrobial susceptibility tests on all patients with
diabetic foot ulcers.

INTRODUCTION

One of the common complications of diabetes mellitus (DM) is diabetic foot ulcers,
which are wounds or disruptions of the skin’s protective barrier extending through the dermal
layer (Powers et al., 2022). Peripheral neuropathy plays an important role in facilitating the
occurrence of diabetic foot ulcers by damaging sensory fibers and reducing pain sensation
(Goljan, 2019). Infection, ischemia, abnormal pressure, and contamination are the four main
etiologies of diabetic foot ulcers. In recent decades, the incidence of diabetic foot ulcers has
increased. It is estimated that 35% of patients with DM will experience diabetic foot ulcers
during their lifetime,4 with a recurrence rate of 65% within 3—5 years and an amputation rate
of 20% (McDermott et al., 2023). Data show that 85% of lower-limb amputations begin with
diabetic foot ulcers (Schmidt et al., 2024). About half of diabetic foot ulcers become infected
(Rizqiyah et al., 2020; Voelker, 2023). Patient mortality ranges from 50—70% at 5 years.

The global prevalence of diabetic foot ulcers is 6.3% among adults with DMS5 and is
higher in men (4.5%) than in women (3.5%) (Oliver & Mutluoglu, 2022; Packer et al., 2023).
The global prevalence of diabetic foot ulcers is 6.3% among adults with DM and is higher in
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men (4.5%) than in women (3.5%) (Boulton & Whitehouse, 2023). The epidemiology of foot
ulcers indicates that they occur in 5-10% of the DM population (Sukartini et al., 2020).
Patients living in rural areas have a 35% higher risk of amputation than those in urban areas.
The prevalence of diabetic foot ulcers in Asia is 5.5%,7 and in Southeast Asia it is usually
less than 15% (Soares & Santos, 2022). The prevalence of DM based on a doctor’s diagnosis
in Indonesia is 1.5%, while it is 1.6% in Central Java ((Balitbangkes), 2018a) and 2.97% in
Surakarta City ((Balitbangkes), 2018b). The prevalence of diabetic foot ulcers in Indonesia is
7.3% among patients with type 2 DM (Yunir et al., 2021).

Previous research in Sudan found that the most common Gram-negative bacteria were
Proteus spp. (58.8%, 147/250), while the most common Gram-positive bacteria were
Staphylococcus aureus (41.2%, 103/250) (Suparwati et al., 2022). A literature review
conducted by the researchers did not identify any studies analyzing the relationship between
bacterial types and antibiotic sensitivity relative to ulcer severity in patients with type 2 DM
and diabetic foot ulcers at Dr. Moewardi Regional Hospital.

The novelty of this study lies in several aspects. First, it specifically focuses on Dr.
Moewardi Regional Hospital, providing local data that can guide empirical antibiotic therapy
in this institution. Second, it employs multivariate analysis (multinomial logistic regression)
to examine the simultaneous relationship between bacterial type and antibiotic sensitivity in
relation to ulcer severity, which has not been previously conducted at this hospital. Third, it
calculates odds ratios for specific bacteria (Pseudomonas aeruginosa) and specific antibiotic
sensitivities (gentamicin, meropenem, amikacin, piperacillin, ampicillin) across different
Wagner ulcer grades (2, 3, and 4), thereby providing quantitative risk estimates for clinicians.
Fourth, it includes a 2-year data period (2021-2022), capturing recent bacterial patterns. The
research objectives are: (1) to analyze the relationship between bacterial type and ulcer
severity; (2) to analyze the relationship between antibiotic sensitivity and ulcer severity; (3) to
analyze the relationship between bacterial type and antibiotic sensitivity; and (4) to analyze
the simultaneous relationship between bacterial type and antibiotic sensitivity in relation to
ulcer severity in patients with type 2 DM and diabetic foot ulcers at Dr. Moewardi Regional
Hospital. The benefits of this research are both clinical (providing evidence for empirical
antibiotic therapy selection) and academic (contributing to the understanding of diabetic foot
ulcer bacteriology in Central Java, Indonesia).

MATERIALS AND METHODS

The study was conducted in the inpatient ward of Internal Medicine, Dr. Moewardi
Hospital, then continued with data collection at the Microbiology Laboratory Installation of
Dr. Moewardi Hospital. The inclusion criteria were patients with a diagnosis of diabetic foot
ulcers and had pus culture and antibiotic sensitivity test results in 2021-2022. The exclusion
criteria were non-growing cultures, culture results stating fungi and anaerobic bacteria
(limitations of equipment, materials). The sampling technique used was total population
sampling with a total of 149 samples.

This study used an observational analysis method with a cross-sectional approach in
type 2 DM patients with diabetic foot ulcers. Data were analyzed with IBM SPSS Statistics 27
using Fisher's exact test and multinomial logistic regression with a significance threshold or a
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= 0.05. Data collected from medical records include medical record number, type of bacteria
according to pus culture results, antibiotic sensitivity test results, and Wagner ulcer grade.

RESULTS AND DISCUSSION

Patients who met the inclusion criteria of the study with data on bacterial types and
antibiotic sensitivity amounted to 149 samples. 31 types of bacteria and 12 antibiotic
sensitivities were obtained at various degrees of ulcer. The distribution of bacterial types and
gram types is as follows.

Table 1. Distribution of bacterial types

Types of Bacteria N=149

Gram positive, n (%) 21 (14,1)
Staphylococcus aureus 11 (7,3)
Enterobacter cloacae 3(2)
Enterobacter aerogenes 1(0,7)
Enterococcus faecalis 1(0,7)
Staphylococcus cohnii ss. Cohnii 1(0,7)
Staphylococcus haemolyticus 1(0,7)
Streptococcus agalactiae 1(0,7)
Streptococcus anginosus 1(0,7)

Gram-negative, n (%) 128 (85,9)
Pseudomonas aeruginosa 26 (17)
Escherichia coli 19 (12,8)
Klebsiella pneumoniae ss. Pneumoniae 17 (11,4)
Proteus mirabilis 16 (10,7)
Proteus hauseri 9 (6)
Providencia stuartii 9 (6)
Acinetobacter baumannii 6(4)
Morganella morganii ss. Morganii 4(2,7)
Providencia rettgeri 42,7
Citrobacter freundii 2(L,3)
Pseudomonas putida 2(1,3)
Serratia fonticola 2(1,3)
Serratia marcescens 2(1,3)
Acinetobacter nosocomialis 1(0,7)
Aeromonas hydrophila 1(0,7)
Alcaligenes faecalis 1(0,7)
Escherichia hermannii 1(0,7)
Klebsiella oxytoca 1(0,7)
Morganella morganii ss. Sibonii 1(0,7)
Myroides spp 1(0,7)
Raoultella planticola 1(0,7)
Serratia liquefaciens 1(0,7)
Vibrio mimicus 1(0,7)

As seen in Table 1, there are 8 gram-positive bacteria (14.1% 21/149) with the largest
number being S. aureus (7.3%; 11/149) and there are 23 gram-negative bacteria (85.9%; 128)
with the largest number being P. aeruginosa 17.4% (26/149). The number of gram-negative
bacteria is much greater than gram-positive. The four most bacteria (52.3%; 78/149) are P.
aeruginosa, E. coli 12.8% (19/149), K. pneumoniae ss. Pneumoniae 11.4% (17/149), and P.
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mirabilis 10.7% (16/149). As many as 74.5% (111/149) of cases were extended spectrum beta
lactamase (ESBL) producing bacteria and 25.5% (38/149) were non-ESBL bacteria.
The distribution of antibiotic sensitivity and ulcer grade is shown in the figure below.
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Figure 1. Distribution of (a) antibiotic sensitivity and (b) ulcer grades
As seen from Figure 1.a, there are 12 antibiotic sensitivities from the highest to the

lowest, namely ampicillin (20.8%; 31/149), sulfamethoxazole (20.8%; 31/149),
gentamicin (18.8%; 28/149), amikacin (16.1%; 24/149), erythromycin (8.1%; 12/149),
piperacilin (6%; 9/149), meropenem (2.7%; 4/149), cefepime (2%; 3/149), benzylpenicillin
(2%; 3/149), trimethoprim (1.3%; 2/149), vancomycin (0.7%; 1/149) and tigecycline (0.7%;
1/149).

As seen from Figure 1.b, there are 5 degrees of ulcers from the largest to the smallest,
namely Wagner 4 (39.6%; 59/149), Wagner 3 (31.5%; 47/149), and Wagner 2 (19.5%;
29/149), Wagner 1 (8.1%; 12/149), and Wagner 5 (1.3%; 2/149). The degree of ulcer has a
mean value = 3.07; minimum = 1; maximum = 5; and standard deviation = 0.984.

The distribution of ulcer grades grouped according to bacterial type is shown in Figure
2.a. The 4 most cases of diabetic foot ulcers in each type of bacteria are grade 3 in P.
aeruginosa followed by E. coli, then grade 2 in K. pneumoniae ss. Pneumoniae and grade 4 in
P. aeruginosa. Grade 1 in S. aureus is included in the 11 most cases, while grade 5 in A.
baumannii and P. rettgerii is the least.

The distribution of ulcer grades grouped according to antibiotic sensitivity is shown in
Figure 2.b. The 3 most cases of diabetic foot ulcers in each antibiotic sensitivity are grade 3 in
sulfamethoxazole, then grade 4 in ampicillin followed by gentamicin. Grade 2 in
sulfamethoxazole is included in the 7 most cases, while grade 1 in erythromycin is included in
the 12 most cases. Grade 5 in ampicillin and sulfamethoxazole is the least.
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Figure 2. Distribution of (a) ulcer grade based on bacterial type (b) ulcer grade based on
antibiotic sensitivity, (c) antibiotic sensitivity based on bacterial type

The distribution of antibiotic sensitivity grouped according to bacterial type is shown

in Figure 2.c. The data shows the 5 most antibiotic sensitivities in each type of bacteria,
namely gentamicin in P. aeruginosa, erythromycin in S. aureus, ampicillin in K. pneumoniae
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ss. Pneumoniae, amikacin in P. aeruginosa, and sulfamethoxazole in E. coli. While the least is
vancomycin in S. aureus and tigecycline in A. baumannii.

Then a bivariate test was conducted using the Fisher's exact test. The results obtained
were that there was no relationship between the type of bacteria and the degree of ulcer (p =
0.111), there was a relationship between antibiotic sensitivity and the degree of ulcer (p =
0.009), and there was a relationship between the type of bacteria and antibiotic sensitivity (p =
0.0001).

The distribution of bacterial types, antibiotic sensitivity, and the highest ulcer grades
are presented in Table 2.

Table 2. Distribution of bacterial types, antibiotic sensitivity and highest ulcer grades

Types of Bacteria Antibiotic Sensitivity Ulcer Degree n
S. aureus Erythromycin 1 5
K. pneumonia Ampicillin 3
P._aeruginosa Gentamicin ) 8
K. pneumonia Ampicillin 4
P.aeruginosa Gentamicin 3 10
E. coli Sulfamethoxazole 9
K. pneumonia Ampicillin 8
- — 4
P.aeruginosa Gentamicin 7
A. baumannii Ampicillin s 1
P, rettgeri Sulfamethoxazole 1

Table 2 shows that the 2 most cases in ulcer grade 3 are P. aeruginosa — gentamicin
with 10 cases and E. coli — sulfamethoxazole with 9 cases. Then followed by K. pneumoniae
— ampicillin in ulcer grade 4 and P. aeruginosa — gentamicin in ulcer grade 2 with 8 cases
each.

Next, a collinearity test was conducted on the relationship between bacterial type and
antibiotic sensitivity to ulcer grade. The variance inflation factor (VIF) value was obtained =
1.049 for bacterial type and VIF = 1.049 antibiotic sensitivity, which is <10, so it meets the
requirements for multivariate analysis with multinomial logistic regression. The goodness of
fit test produced a Pearson chi-square value = 58.8 (df = 68; p = 0.779) and a chi-square
deviance = 51.7 (df = 68; p = 0.930). The pseudo-R2 value for Cox and Snell (0.493),
Nagelkerke (0.532), and Mcfadden (0.260). The simultaneous test value (model fitting
information) with chi-square results = 101.3 (df = 68, and p = 0.005).

The partial test value (likelihood ratio tests) produced a chi-square value = 38.8 (df =
24; p = 0.029) for the type of bacteria and chi-square = 62.8 for antibiotic sensitivity (df = 44;
p = 0.032). The following is significant odds ratio data on the simultaneous relationship
between the type of bacteria, antibiotic sensitivity, and ulcer grade.

Table 3. Significant odds ratios for bacterial type, antibiotic sensitivity and ulcer grade

Parameter Wagner 2 Wagner 3

P. aeruginosa 33,16 (p=0,002) 5,83 (p=0,025)
Meropenem - 0,05 (p=0,035)
Piperacillin 0,07 (p=0,035) -
Amikacin 0,06 (p=0,009) 0,22 (p=0,043)
Gentamicin 0,03 (p=0,003) 0,16 (p=0,020)
Ampicillin 0,13 (p=0,017) -
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Wagner ulcer grade 4 is used as the reference category Odds ratio (OR) of exposure to
grade 2 and 3 diabetic foot ulcers was associated with positive P. aeruginosa results,
respectively, which were 33.16 times and 5.83 times compared to grade 4. Meanwhile, OR of
exposure to grade 2 diabetic foot ulcers was associated with sensitive gentamicin results,
which was 0.03 times compared to the reference. Then OR of exposure to grade 3 diabetic
foot ulcers was associated with sensitive meropenem results, which was 0.05 times compared
to the reference.

The accuracy value of the classification model (classification) with Wagner results 1 -
41.7%; 2 - 24.1%; 3 - 66.0%, 4 - 69.5%, and 5 - 0%. The value of p = 0.005 was obtained in
the Fitting Model and p = 0.779 in Goodness-of-fit, meaning that there is a relationship
between the type of bacteria and antibiotic sensitivity to the degree of ulcer. The value of p =
0.029 was obtained for the type of bacteria and p = 0.032 for antibiotic sensitivity in the
likelihood ratio so that the relationship between the type of bacteria and the degree of ulcer is
more dominant than the relationship between antibiotic sensitivity and the degree of ulcer.

The results of this study found that the most gram-negative bacteria were P. aeruginosa
with 26 cases (17.4%), E. coli — 19 cases (12.8%), K. pneumoniae ss. Pneumoniae — 17
cases (11.4%) and P. mirabilis — 16 cases (10.7%) and the most gram-positive bacteria were
S. aureus — 11 cases (7.4%). This is in accordance with research by Yani at Ulin Hospital,
Banjarmasin using data with a 2-year period which explains that diabetic foot ulcer infections
caused by gram-negative bacteria (57.4%) are more than gram-positive (42.6%) with the most
bacteria being S. aureus (26.6%), K. pneumoniae (19.1%), E. coli (12.8%), P. aeruginosa
(5.3%) and P. mirabilis (5.3%).18 Another study conducted at Abdul Moeloek Hospital,
Bandar Lampung showed that the most dominant bacteria in diabetic foot ulcer infections
were gram-negative including Proteus spp., P. aeruginosa, K. pneumoniae and E. coli.3 The
results of other studies conducted at the Khyber Teaching Hospital, Pakistan obtained results
that gram-negative bacteria (96 cases, 66.2%) were more numerous than gram-positive (49
cases, 33.8%) with a percentage of E. coli (20.7%), Pseudomonas spp. (15.9%), P. mirabilis
(5.5%) and S. aureus (10.3%) (Ogba et al., 2019).

The high infection rate by the five most common bacteria is caused by several factors,
such as P. aeruginosa, which is widely found in nature, such as the normal flora of the skin,
soil, water, plants and the body surfaces of animals (Situngkir & Sembiring, 2023). These
bacteria are also found on the skin of the feet that are not injured and can be transferred to
wounds. Early identification of these bacteria can help in determining the prognosis,
preventing, and controlling foot ulcers (Yani et al., 2021). Next, E. coli, P. mirabilis and K.
pneumoniae ss. Pneumoniae can be found in the human intestinal tract as part of the normal
intestinal flora that can be excreted with feces. Then P. mirabilis can be found in soil and
water, while K. pneumoniae ss. Pneumoniae can be found in the normal flora in the mouth
and skin. S. aureus is often found in humans on the skin and mucous membranes, especially
the nasal cavity. These five bacteria are often found in hospital health facilities (Ahmad et al.,
2022).

In this study, the number of cultures with Wagner ulcer grade 1 was found to be 12
cases (8.1%), Wagner 2 — 29 cases (19.5%), Wagner 3 — 47 cases (31.5%), Wagner 4 — 59
cases (39.6%) and Wagner 5 — 2 cases (1.3%). The results of the study were similar to
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looking at 2-year data at Dr. Soetomo Hospital, Surabaya, namely Wagner 1 — 25 cases
(6.8%), Wagner 2 — 78 cases (21.2%), Wagner 3 — 100 cases (27.2%), Wagner 4 — 137
cases (37.3%) and Wagner 5 — 27 cases (7.5%) (Heravi et al., 2019). The two studies
conducted in Indonesia had similar trends with Wagner 4, 3 and 2 including the highest ulcer
grade and the lowest ulcer grade, namely 4. Other studies also conducted in India obtained
different data, namely Wagner 1 — 4 cases (8%), Wagner 2 — 21 cases (42%), Wagner 3 —
17 cases (34%), Wagner 4 — 6 cases (12%) and Wagner 5 — 2 cases (4%) (Park et al., 2019).

Descriptive statistical analysis between the number of antibiotic sensitivity and ulcer
grade in the four main bacteria is sulfamethoxazole in Wagner 3 and Wagner 1 and 5.
Ampicillin is seen in Wagner 4 and Wagner 5. Gentamicin is seen in Wagner 4 and Wagner 1.
The fourth main antibiotic, amikacin in Wagner 4 and Wagner 1.

The data from this study show that the majority of diabetic foot ulcers caused by the
main bacteria have a Wagner 4 and Wagner 3 ulcer grade. This is in accordance with the
etiology of diabetic foot ulcers, namely that around 60-80% of diabetics will experience
neuropathy which ultimately causes diabetic foot ulcers. Wagner 3 and 4 diabetic foot ulcers
are caused by difficulties such as carrying out metabolic control in the form of blood sugar
control,3 infection control which requires antibiotic therapy, ulcer treatment which requires a
minimum of one to several weeks, and removal or reduction of pressure on the ulcer area
(Mazumder, 2023; Taylor & Unakal, 2023).

Diabetic foot ulcers Wagner 1 and Wagner 2 caused by the main bacteria according to
the pathophysiology of ulcers, namely from the development of calluses due to neuropathy.
Motoric neuropathy causes physical deformities of the feet, while sensory neuropathy causes
loss of sensation resulting in ongoing trauma. Autonomic neuropathy causes drying of the
skin. Meanwhile, trauma that often occurs to the callus causes subcutaneous bleeding and
erosion until an ulcer is finally formed. Diabetic foot ulcers Wagner 3 and Wagner 4 caused
by the main bacteria according to the next ulcer pathophysiology, namely severe
atherosclerosis of the small blood vessels in the legs and feet which causes blood vessel
disorders. As a result, blood cannot reach the wound so that healing is delayed and finally
necrosis and gangrene occur which are other causes of diabetic foot ulcer infections
(Hariftyani et al., 2021).

Descriptive statistical analysis between the number of types of bacteria and the
number of antibiotic sensitivities in the four main bacteria are P. aeruginosa on gentamicin
and on cefepime and ampicillin. E. coli appears on sulfamethoxazole and on piperacilin. K.
pneumoniae appears on ampicillin and on gentamicin. The fourth main antibiotic, P. mirabilis
on ampicillin and on sulfamethoxazole.

Pseudomonas aeruginosa is one of the main bacteria that infect diabetic foot ulcers
which are commonly found in superficial wounds and in patients receiving antibiotic therapy.
This bacteria is more dominant in chronic wound conditions because it can form biofilms that
have the potential to cause suboptimal antibiotic use and can increase antibiotic resistance in
wounds.

The results of this study indicate that P. aeruginosa is most sensitive to gentamicin, E.
coli is most sensitive to sulfamethoxazole, P. mirabilis is most sensitive to ampicillin and K.
pneumoniae ss. Pneumoniae is most sensitive to ampicillin. Another study at RSUD dr.
Zainoel Abidin, namely the most common bacteria in diabetic foot ulcers are S. aureus, E.
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coli, P. aeruginosa, K. pneumoniae and P. mirabilis which are sensitive to amikacin,
erythromycin, meropenem, and ampicillin (Shah et al., 2022). This is in accordance with
Hamza's research that antibiotics in empirical therapy are influenced by several factors such
as the type of bacteria that causes the infection and the degree of ulcer (Committee, 2022).

The results obtained were S. aureus — Erythromycin and K. pneumoniae —
ampicillin in Wagner ulcer degree 1, P. aeruginosa — gentamicin and K. pneumoniae —
ampicillin in Wagner 2, P. aeruginosa — gentamicin and E. coli — sulfamethoxazole in
Wagner 3, K. pneumoniae — ampicillin and P. aeruginosa — gentamicin in Wagner 4, and A.
baumannii — ampicillin and P. rettgeri — sulfamethoxazole in Wagner 5.

Bacterial patterns in diabetic foot ulcers can vary from region to region and hospital,
which may be related to environmental, hygiene, and cultural factors.3 Therefore, pus culture
examination is prioritized to compile bacterial antibiotic sensitivity patterns as a basis for
empirical antibiotic therapy in each hospital. Sensitivity testing is important in diabetic foot
ulcer patients to get the right treatment (Aalaa et al., 2023; Gomatos & Rehman, 2024).

CONCLUSIONS
The data collected and processed produced several findings that were discussed in more

depth to produce conclusions. There is no relationship between the type of bacteria and the
degree of foot ulcers in patients with type 2 DM. There is a relationship between antibiotic
sensitivity and the degree of ulcers in patients with type 2 DM. There is a relationship
between the type of bacteria and antibiotic sensitivity in patients with type 2 DM. There is a
simultaneous relationship between the type of bacteria and antibiotic sensitivity to the degree
of ulcers in patients with type 2 DM. Therefore, it is necessary to conduct culture
examinations and antibiotic sensitivity tests on all patients with diabetic foot ulcers.
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