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Abstract:
This study aimed to isolate and identify bacterial species responsible for diabet-

ic foot infections and to determine their antibiotic resistance patterns. A total of 100 
clinical samples were collected from patients with diabetic foot infections at hospitals 
in Tikrit between July and December 2024. The samples included wound swabs and 
blood specimens. Bacterial culture revealed positive growth in all samples. Identifi-
cation was conducted using morphological, microscopic, biochemical tests, and for 
some isolates, the VITEK-2 system. The findings revealed that Gram-negative bacteria 
constituted the majority (71%) of isolates, including Klebsiella pneumoniae, E. coli, 
Pseudomonas aeruginosa, and Proteus mirabilis. Gram-positive bacteria accounted for 
29% of the isolates, with Staphylococcus aureus and S. epidermidis being the most 
prevalent. Antibiotic susceptibility tests indicated high resistance to many commonly 
used antibiotics, particularly penicillins and cephalosporins, reflecting a concerning 
trend of multidrug resistance. 

Keywords :  :Klebsiella pneumonia, Pseudomonas aeruginosa ، Proteus mirabilis، 
E. coli، , Diabetic foot infections, Bacterial pathogens .

عزل وتشخيص الأنواع البكتيرية الهوائية المعزولة من اخماج القدم السكري 
وتحديد حساسيتها تجاه العديد من المضادات الحيوية

زينــب يوســف محمــد        ،    هيفــاء رجــب علــوان
مستخلص:

ــاط  ــد أن ــكرية وتحدي ــدم الس ــدوى الق ــببة لع ــة المس ــواع البكتيري ــخيص الأن ــزل وتش ــث إلى ع ــذا البح ــدف ه يه
ــن  ــكرية م ــدم الس ــدوى الق ــن بع ــرضى المصاب ــن الم ــة م ــة سريري ــع 100 عين ــم جم ــة. ت ــادات الحيوي ــا للمض مقاومته
مستشــفيات مدينــة تكريــت خــال الفــرة مــن تمــوز إلى كانــون الأول 2024، وشــملت مســحات مــن الجــروح 
وعيّنــات دم. أظهــرت نتائــج الــزرع البكتــري نمــوًا في جميــع العينــات، وتــم تحديــد البكتيريــا باســتخدام الفحوصــات 
المورفولوجيــة والمجهريــة والكيميائيــة الحيويــة، بالإضافــة إلى نظــام VITEK-2 لبعــض العــزلات. كشــفت الدراســة أن 
 ،Klebsiella pneumoniae البكتيريــا الســالبة لصبغــة غــرام شــكّلت النســبة الأكــر )%71(، وتضمنــت أنواعًــا مثــل
Pseudomonas aeruginosa ،E. coli، و Proteus mirabilis. أمــا البكتيريــا الموجبــة لصبغــة غــرام فمثّلــت 29%، 
ــادات  ــية للمض ــارات الحساس ــرت اختب ــل Staphylococcus aureus وS. epidermidis. أظه ــا مث ــت أنواعً وتضمن
الحيويــة مقاومــة مرتفعــة تجــاه العديــد مــن المضــادات، خاصــة البنســلينات والسيفالوســبورينات، ممــا يعكــس مشــكلة 

متفاقمــة في مقاومــة الأدويــة.
 E. ،Proteus mirabilis ، Pseudomonas aeruginosa ، Klebsiella pneumoniae  : الكلــات المفتاحيــة

ــة . ــدم الســكري ، العــدوى البكتيري coli، داء ق
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Introduction:
Diabetes occurs when the pancre-

as fails to produce enough insulin, or 
when the body cannot effectively use 
the insulin it secretes. As a result of mi-
crocirculatory dysfunctions and blood 
vessel problems, diabetics face a range 
of complications. Common complica-
tions include neuropathy, nephropathy, 
obesity, high blood pressure, and in-
creased susceptibility to several viral 
diseases. Additionally, Poor blood sug-
ar management can lead to life-threat-
ening health complications, such as 
heart disease, foot damage, hearing 
loss, fungal and bacterial infections, 
Alzheimer’s disease, memory loss, and 
depression (Kim, 2019).  In industrial-
ized countries, Unhealthy eating hab-
its and a lack of physical exercise are 
modifiable risk factors for overweight 
and obesity. Compared to individuals 
who engage in regular physical activi-
ty, The prevalence of type 2 diabetes is 
two to four times greater among those 
with lower levels of physical activ-
ity. (Luisi et al., 2019) Type 2 diabe-
tes (T2DM) affects 422 million people 
worldwide, representing 85-90% of all 

diabetes patients. The number of indi-
viduals diagnosed with this disease has 
increased significantly over the past 
decade, due to changes in lifestyle. 
(Kyu et al., 2016) 

Although it is difficult to define spe-
cific cases of diabetes, the majority of 
cases can be divided into two catego-
ries: T1DM and T2DM. Gestational di-
abetes is a type of glucose intolerance 
that develops or is first noticed during 
pregnancy. )Amed and Oram, 2016(

Type 1 diabetes mellitus (T1DM) is 
an autoimmune disorder resulting from 
a complex interplay of genetic, envi-
ronmental, and immunological vari-
ables, culminating in the loss of pan-
creatic cells that produce insulin in the 
islets of Langerhans. causing severe 
insulin deficiency. Although cytotoxic 
CD8+ T cells and macrophages have 
been noted in abundance in T1DM, 
rendering them the most conspicuous 
cells entering the insulin-deficient is-
lets, numerous studies have also em-
phasized the importance of other types 
of cells infiltrating the islets, such as 
leukocytes and macrophages (MCs). 
(Dong et al., 2020). (5) Type 2 diabetes 
mellitus (T2DM) is the predominant 
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kind of diabetes, sometimes referred 
to as non-insulin-dependent diabetic 
mellitus. Elevated blood glucose levels 
occur as a result of insulin deficiency 
and insulin resistance, both of which 
may be caused by obesity. Obesity cor-
relates with inflammation in adipose 
tissue, marked by the infiltration of im-
mune cells, including proinflammatory 
macrophages (M1), neutrophils, and 
natural killer cells (NKs). as well as T 
helper cells (Th1) and T helper cells 
(Th17), as well as B cells and mast 
cells (MCs). (Elieh et al., 2020). Gesta-
tional diabetes mellitus (GDM) is dia-
betes that develops during pregnancy, 
also known as gestational diabetes. It 
is identified during the second or third 
trimester of gestation. Post-delivery, 
blood glucose levels may normalise, or 
diabetes may manifest thereafter. In-
cluding foetal abnormalities, newborn 
obesity, cardiac anomalies, maternal 
hypertension, and obstetric problems. 
The fasting blood glucose level is 126 
mg/dL, and the random blood glucose 
level is 199 mg/dL, blood glucose lev-
els are above normal but below normal 
(Abbas, 2021) 

Diabetic foot  This condition is one 

of the most serious complications as-
sociated with diabetes and is the lead-
ing cause of hospitalization for patients 
with this disease. 1, 2 Patients with di-
abetes face a lifetime risk of up to 25% 
of developing foot ulcers. , Diabetic 
ulcers increase the risk of amputation 
by 15 to 46 times compared to foot ul-
cers resulting from other causes. Each 
year, more than one million patients 
with diabetes require care. Poor mi-
crocirculation in patients with diabetic 
foot impedes the flow of macrophages, 
contributing to an increased risk of in-
fection. 2, The growing correlation be-
tween multidrug-resistant bacteria and 
diabetic foot ulcers exacerbates the 
issue. The difficulties encountered by 
physicians and surgeons in managing 
these ulcers without resorting to ampu-
tation. (Khanolkar et al.,2008).

Material and methods
Collection of Samples:
A total of 100 clinical samples were 

collected in this study, including swabs 
and blood samples, from patients with 
diabetic foot infections, both inpatients 
and outpatients, at Tikrit Teaching Hos-
pital and its outpatient clinics. The pa-
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tients represented various age groups 
and both sexes, during the period from 
July 21, 2024, to December 28, 2024. 
In addition, blood samples were col-
lected from a control group consisting 
of 5 healthy individuals and 5 diabetic 
patients without foot ulcers.

A. Swabs
Swab samples were collected exclu-

sively from infected foot areas and im-
mediately placed in sterile tubes con-
taining transport media to preserve the 
viability of the microorganisms until 
processing.

B. Culture
Swab specimens from diabetic foot 

ulcers were cultured on Blood Agar, 
MacConkey Agar, and Mannitol Salt 
Agar. The culture plates were cul-
tured aerobically at 37°C for 24 hours 
to identify the responsible bacterial 
pathogens. After primary culture, the 
isolates were purified by subculturing 
onto appropriate selective and differ-
ential media to ensure the growth of 
pure colonies for further identification.

 Antibiotic Sensitivity Test
Antibiotic susceptibility testing was 

conducted for all bacterial isolates 
against 12 commonly used antibiotics, 

as listed in Table 1 The Kirby-Bauer 
The disc diffusion technique was used 
using Mueller-Hinton Agar. follow-
ing the guidelines described by  (Lepp 
,2010) The resistance profiles of the 
isolates were assessed by measuring 
the diameters of the inhibition zones 
using the Scan 4000 equipment. (Inter-
science) in line with the requirements 
set out by the Clinical and Laborato-
ry requirements Institute (CLSI, 2025) 
To create the bacterial inoculum, 1–2 
new bacterial colonies were put into a 
test tube containing 5 ml of normal sa-
line, and the suspension was adjusted 
to achieve a turbidity corresponding to 
the 0.5 McFarland standard, roughly 
1.5 × 10⁸ CFU/ml. A sterilised cotton 
swab was immersed in the solution. 
The surplus fluid was extracted by ap-
plying pressure with the brush on the 
inner surface of the tube. The swab 
was then streaked uniformly in three 
directions over the surface of pre-pre-
pared Mueller-Hinton Agar plates to 
guarantee equal dispersion. The plates 
were allowed to dry for 4 to 5 minutes. 
Antibiotic discs were then positioned 
on the surface using sterile metal for-
ceps, applying mild pressure to achieve 
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adequate adhesion. Each plate had six 
antibiotic discs. The plates were incu-
bated in aerobic conditions at 37°C for 
24 hours. Following incubation, the 
diameters of the inhibitory zones were 
measured in millimetres using a ruler, 
and the findings were analysed in ac-
cordance with the worldwide criteria 
established by CLSI 2025.

Results:
Isolation and Identification of 

Bacterial Species:
The results showed that 100% of 

the collected samples were positive for 
bacterial growth on the utilized culture 
media. One hundred samples were ob-
tained from inpatients and outpatients 
at Tikrit Teaching Hospital and its out-
patient clinics, all diagnosed with di-
abetic foot infections. Samples were 
collected from male and female pa-
tients across diverse age ranges. during 
the period from July 21, 2024, to De-
cember 28, 2024. These swabs were 
collected using sterile cotton swabs and 
were specifically taken from infected 
foot wounds. These swabs were diag-
nosed based on the cultural character-
istics of the morphological diagnosis, 

microscopic examination, biochemi-
cal tests, and some of them using the 
Vitek-2 technique. The results showed 
a percentage of 100%. The number of 
positive samples was distributed based 
on the type of bacteria, as 29 samples 
were positive bacteria, or 29%, while 
71 samples were negative bacteria, or 
71%, as shown in the table.1.
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Laboratory Identification
Morphological Identification
Isolates were initially identified 

based on their morphological charac-
teristics, particularly when grown on 
culture media. Culture findings indi-
cated that some isolates proliferated on 
mannitol salt agar, exhibiting golden 
yellow colonies. The colour of the me-
dium was altered from pink to yellow 
due to mannitol fermentation. These 

characteristics are indicative of S. au-
reus bacteria. Meanwhile, the growth 
of creamy white colonies that did not 
ferment mannitol indicates the growth 
of S. epidermidis and S. saprophyticus 
bacteria. On blood agar, they were he-
molytic, as shown in Figure 1

Table (1) presents the distribution of swab samples according to bacterial growth:

Notes Percentage
 Number of

isolates
 Bacteria species

G
ra

m
 p

 is
ol

a-
tio

n  29

)29%(

20% 20 Staphylococcus aureus
4% 4 Staphylococcus epidermidis
3% 3 Staphylococcus saprophyticus
1% 1 Staphylococcus xylosus
1% 1 Staphylococcus pseudintermedius

G
ra

m
 n

eg
at

iv
e 

is
ol

at
io

n

71
  Isolation 

)71%(

19% 19 Klebsiella pneumonia
15% 15 E. coli
11% 11 Pseudomonas aeruginosa
9% 9 Citrobacter freundii
9% 9 Proteus mirabilis
4% 4 Enterococcus faecalis
1% 1 Serratia marcescens
1% 1 Proteus vulgaris
1% 1 Enterobacter aerogenes
1% 1 Pseudomonas luteola

100% 100 Total Isolation
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The remaining set of isolates was 
cultivated on MacConkey Agar me-
dium, where their colonies exhibited 
a light hue and had an odour reminis-
cent of fermented grapes, attributable 
to their failure to ferment lactose sug-
ar. When they were grown on Nutrient 
Agar medium, the growing colonies 
appeared bluish-green as a result of 
their secretion of the pigment pyocy-
anin, which is considered one of their 
important diagnostic characteristics, 
as they appeared yellowish-green as a 
result of their secretion of the pigment 

pyoverdin. As a result, all these phe-
notypic characteristics are attributed 
to the bacteria Psedomonas spp. While 
other colonies that appeared pale pink 
fermenting lactose and appeared bright 
green on EMB agar medium indicate 
the growth of E. coli bacteria, while 
colonies that appeared pink mucous 
color due to the presence of the capsule 
indicate the growth of K. pneumonuae 
bacteria, while colonies that produce 
colorless (transparent) or pale color ir-
regular borders or flattened with a moist 
surface and growing and spreading in 

Figure.1 Bacterial species growing on different media
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the medium in a swarming manner in-
dicate the growth of Proteus bacteria. 
As for colonies that are mostly smooth, 

round, shiny, and non-fermenting lac-
tose, they indicate the growth of Serra-
tia, as shown in Figure .2

Figure 2. Gram-negative bacterial species growing on different media

Microscopic Identification
Bacterial cells were identified mi-

croscopically by staining with Gram 
stain. This was done by taking a single 
young colony of each bacterial species 
and smearing it on microscopic slides 
with a drop of physiological solution. 
The samples were mixed well and left 
to dry at room temperature. They were 
then flame-fixed, stained with Gram 

stain, and examined under a light mi-
croscope using an oil-based lens at 
100x magnification. The shape, regu-
larity, and method of grouping and in-
teraction with the stain were observed. 
Some of these cells appeared under 
the microscope as small, purple clus-
ters, indicating Gram staining (posi-
tive). These characteristics are consis-
tent with the genus Staphylococcus, 
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according to (Atlas etal., 1995.)The 
other type of cells appeared under the 
microscope as single or double rods, or 
short, pink chains, due to their lack of 
Gram staining and the persistence of 
the safranin stain, making them nega-

tive. For Gram negative staining, these 
characteristics are attributed to Gram 
negative bacteria, including the genera 
Pseudomonas, K.pneumoniae, E.coli, 
Proteus, and Serratia. (Brooks et al., 
2013) as shown in Figure.3 .

Biochemical Identification
Biochemical analysis was per-

formed on the bacterial isolates to de-
termine their biological characteristics 
and differentiate between them. A set 
of standard tests was used, each with a 
specific objective that reveals a partic-
ular enzymatic or metabolic property, 
as shown in Table 2. An oxidase test 
was conducted to identify the pres-
ence of the enzyme cytochrome oxi-
dase.which contributes to the electron 

B                                                                    A
Figure .3 shows the microscopic shape of bacterial colonies 

A- positive           B- negative for Gram stain

transport chain in aerobic bacteria. It 
was positive in Pseudomonas aerugi-
nosa and Proteus mirabilis, indicating 
aerobic activity. E. coli and Klebsiella 
pneumoniae were negative, indicating 
that they do not rely on oxygen as a fi-
nal receptor. The catalase test was used 
to detect the ability of bacteria to de-
compose hydrogen peroxide into water 
and oxygen. All species tested posi-
tive, indicating that all isolates were 
aerobic or facultative aerobes. The 
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urease test was used to determine the 
ability of bacteria to decompose urea 
to produce ammonia and carbon diox-
ide. Proteus spp. and Klebsiella tested 
positive, indicating the presence of the 
urease enzyme. E. coli tested negative, 
indicating the absence of this enzyme 
(Leboffe, Pierce 2020). The indole test 
was used to detect the ability of bacte-
ria to decompose tryptophan to produce 
indole. E. coli and Proteus vulgaris 
gave positive results, indicating tryp-
tophanase activity, while Klebsiella 
pneumoniae was negative. The methyl 
red (MR) test was performed to detect 
the production of strong acids resulting 
from glucose fermentation. E. coli and 
Citrobacter freundii were positive, in-
dicating their ability to produce strong 
acids, while Klebsiella pneumonia was 
negative (Forbes et al., 2007). The Vo-
ges-Proskauer (VP) test was performed 
to detect the production of acetoin re-
sulting from an alternative fermentation 
pathway to glucose. It was positive in 
Enterobacter aerogenes and Klebsiel-
la pneumoniae, indicating their use of 
the butylene glycol pathway. The H2S 
production test was positive in Proteus 
spp. and Citrobacter freundii, reflect-

ing the activity of sulfur-containing 
enzymes, while they were negative in 
E. coli (Willey et al., 2017). In carbo-
hydrate fermentation tests (glucose, 
lactose, sucrose), the ability of bacteria 
to metabolize sugars to produce acid 
or gas was determined. For E. coli, 
the ratio was A/A, indicating complete 
fermentation, while for Pseudomonas 
aeruginosa, the ratio K/K indicated the 
absence of fermentation. In the citrate 
utilization test, the result was positive 
for Klebsiella, Enterobacter, and Prote-
us, indicating the presence of the citrate 
permease enzyme, and negative for E. 
coli. It is used to assess bacteria’s ca-
pacity to utilise citrate as the only car-
bon source. The nitrate reduction test 
produced a positive result in Pseudo-
monas aeruginosa and Proteus spp., 
showing the existence of an anaerobic 
respiration mechanism, but a negative 
result in the other species. This test re-
vealed bacteria’s capacity to degrade 
nitrate to nitrite, or gaseous nitrogen. 
(Tortora et al., 2019).
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Table . 2 B
iochem

ical Tests of G
ram

-N
egative B

acterial Species

B
acterial Species

Oxidase Test

Catalase Test

Indole Test

 Methyl Red
(MR) Test

Voges-Proskau-
er (VP) Test

Citrate Utiliza-
tion

Glucose/Lac-
 tose/Sucrose
Fermentation

Urease Test

Lactose Fer-
 mentation on
 MacConkey

Agar

H2S Production

Motility Test

E. coli
-

+
+

+
-

-
+ / - / A

/A
-

+
-

+

K
lebsiella pneum

o-
niae

-
+

-
+

-
+

+ / - / A
/A

+
+

-
-

C
itrobacter freundii

-
+

-
+

-
+

- / - / A
/A

+
+

+
+

Pseudom
onas aeru-

ginosa
+

+
-

-
-

+
- / - / K

/K
-

-
-

+

Pseudom
onas lute-

ola
+

+
-

-
-

+
- / - / K

/K
-

-
-

+

Proteus m
irabilis

+
+

-
+

+
+

+ / + / K
/A

+
-

+
+

Proteus vulgaris
+

+
+

+
-

+
+ / - / K

/A
+

-
+

+

Enterococcus fae-
calis

-
+

-
+

-
-

- / - / A
/A

-
-

-
+

Serratia m
arcescens

-
+

-
-

+
+

- / - / K
/A

-
-

-
+

Enterobacter aero-
genes

-
+

-
+

+
+

+ / - / A
/A

+
+

-
+
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Antibiotic sensitivity and resis-
tance of Gram-positive bacterial 
species: 

Table .3  shows the results of sen-
sitivity and resistance tests studied on 
Gram-positive bacterial species isolat-
ed from diabetic foot, namely E. coli, 
K. pneumoniae, Citrobacter freundii, 
Pseudomonas auroginosa, P. luteola, 
Proteus mirabilis, Proteus vulgaris, 
Enterococcus faecalis, Seratia mar-
cescens, and Enterobacter arogenes. 
For 12 antibiotics, according to the 
Kirby-Bauer method (1966), sensi-
tivity and resistance were determined 
based on measuring the diameter of 
the inhibition zone of the antibiotic 
discs used in the study and compared 
with those specified in CLSI 2025. The 
isolates showed moderate resistance 
to Kanamycin, with 73.3%, 63.2%, 
77.8%, 100%, 100%, 66.7%, 100%, 
100%, and 100% for E. coli, K. pneu-
moniae, Citrobacter freundii, Pseudo-
monas auroginosa, P. luteola, Proteus 
mirabilis, Proteus vulgaris, Entero-
coccus faecalis, and Enterobacter aro-
genes, respectively. The sensitivity 
rate was 100% for Seratia marcescens. 
This antibiotic may work by binding to 

the 30S ribosome subunit of the bac-
terial cell, disrupting protein synthesis. 
Kanamycin binds to the 30S subunit 
of the bacterial ribosome, leading to 
misreading of mRNA. This results in 
the production of distorted and non-
functional proteins, impeding bacteri-
al growth. Resistance may occur as a 
result of the antibiotic being expelled 
from the cell by excretory pumps, or 
it may reduce antibiotic penetration by 
altering the composition of the outer 
membrane (Punetha et al.,2021). For 
Gentamicin, the isolates were 100% 
resistant to P.luteola and Enterobacter 
arogenes, respectively, and with a sen-
sitivity rate of (26.7, 21, 44, 54.5, 11.1, 
50%) 100% for E.coli, K.pneumoniae, 
Citrobacter freundii, Pseudomonas 
auroginosa, Proteus mirabilis, Proteus 
vulgaris, Enterococcus faecalis, Sera-
tia marcescens, respectively. Gentami-
cin specifically binds to the 30S subunit 
of the bacterial ribosome, which leads 
to the inhibition of accurate translation 
of mRNA. and causing errors in read-
ing the genetic code (misreading). Re-
sistance to this antibiotic may be due 
to the degradation of the drug by en-
zymes or the absence of receptor sites 
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on the ribosome (Wang et al., 2022). 
Meanwhile, azithromycin showed resis-
tance rates of 80, 84, 55.6, 54.5, 66.7, 
100, 75, and 100% for all Gram-neg-
ative bacterial species except Seratia 
marcescens, where the sensitivity rate 
was 100%. Macrolide antibiotics may 
bind to the 50S subunit of the ribo-
some, thereby inhibiting polypeptide 
chain synthesis and preventing protein 
production (Wang et al.,2024). Resis-
tance occurs as a result of modifica-
tions to the 50S subunit of the ribosome 
(Berbel et al.,2022). For the antibiotic 
chloramphenicol, the resistance rates 
were 66.7%, 90.9%, 100%, 77.8%, 
and 50% for each of Citrobacter fre-
undii, Pseudomonas auroginosa, P. 
luteola, Proteus mirabilis, and Entero-
coccus faecalis, respectively. The sen-
sitivity rates were 53.4%, 47.3%, and 
100% for each of E. coli, Seratia mar-
cescens, and K. pneumonae, respec-
tively. Resistance may occur as a result 
of chloramphenicol-acetyltransferas-
es. Enzymes known as chlorampheni-
col-acetyltransferases modify the anti-
biotic chloramphenicol by acetylating 
its hydroxyl group, resulting in an al-
tered form of the antibiotic that is un-

able to bind to its ribosome target (Va-
rela et al., 2021). The resistance rate to 
cefepime was 10%. (60%, 89.5, 77.8, 
81.8, 100, 55.6, 100, 100, 100, 100%) 
respectively, while the resistance rate 
to Cefrtiaxone was (80, 79, 77.8, 63.6, 
100, 44.4, 75, 100%), and for Cefexime 
the resistance rate was (86.7, 84.2, 100, 
90.9, 100, 100, 100, 50, 100, 100%) 
for all types. This means that the an-
tibiotic is destroyed by bacteria as a 
result of the production of beta-lact-
amase enzymes (β-lactamases). These 
enzymes destroy the beta-lactam ring 
in the cephalosporin molecule, which 
makes the antibiotic lose its effective-
ness. Bush, Bradford, (2020) and for 
Amoxycillin the resistance rate was  
(100,100,77.8,100,81.8,100,66.7,100
,100,100%, while the sensitivity rate 
was (100%) for Seratia marcescens, 
and for Piperacillin the resistance rate 
was (80,73.7,55.6,72.7,100,66.7,100
,100,100%) and 100% sensitivity for 
Seratia marcescens. The reason for 
the high resistance to penicillin antibi-
otics may be attributed to the bacteria 
possessing beta-lactamase enzymes 
that degrade the penicillin group, 
whose genes are either chromosomal 
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or plasmid in origin. These bacteria 
also produce penicillin-binding pro-
teins (PBPs) located in the cytoplas-
mic membrane that are linked to the 
cell wall. These proteins are a target 
for both penicillin and cephalosporin 
antibiotics, as they alter the target site 
of beta-lactam antibiotics, resulting in 
bacterial resistance to them (Drwaz, 
Bonomo 2010). This means prevent-
ing the antibiotic from forming the 
cell wall in the early stages of bacterial 
growth (Drwaz, Bonomo 2010). While 
the resistance rate to Aztreonam was 
(80, 68.5, 100, 63.6, 100, 66.7, 100, 
100, 100%), and 100% sensitivity for 
Proteus vulgaris. The resistance to the 
antibiotic may be due to the production 
of resistant beta-lactamases (β-lact-
amases) (Bush & Bradford, 2016). As 
for Augmentin, the sensitivity rate was 
(26.3, 22.2, 33.4, 100, 100, 25%) for 
K. pneumoniae, Citrobacter freundii, 
Proteus mirabilis, Proteus vulgaris, 
Enterococcus faecalis, Seratia marc-
escens, as it works to inhibit the synthe-
sis of the bacterial cell wall by binding 
to penicillin-binding proteins (PBPs). 
While the resistance rate was 100% for 
P.auroginosa, P.vulgaris, and Entero-

bacter arugenes, which means the an-
tibiotic is destroyed by the production 
of the beta-lactamase enzyme (Drawz, 
&. 2010). As for the Imipenem anti-
biotic, the sensitivity rate was (93.3, 
86.4, 55.6, 45.5, 100, 50%) for E.coli, 
K.pneumoniae, Citrobacter freundii, 
Pseudomonas auroginosa , Proteus 
mirabilis, Proteus vulgaris, Entero-
coccus faecalis, Seratia marcescens, 
and 100% for Enterobacter arugenes. 
This antibiotic works by inhibiting the 
synthesis of the bacterial cell wall by 
binding to penicillin-binding proteins 
(PBPs) and preventing the production 
of Peptidoglycan, leading to cell death 
(bactericidal). It is resistant to degra-
dation by most β-lactamase enzymes. 
(Queenan, Bush 2007).
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Figure .5 Inhibitory diameters of antibiotics for Gram-negative bacterial isolates

Table 3.Antibiotic sensitivity and resistance of Gram-negative bacterial species
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Antibiotic sensitivity and resis-
tance of Gram-positive bacterial 
species:

Table . 4 shows the results of sen-
sitivity and resistance tests studied on 
Gram-positive bacterial species iso-
lated from diabetic foot, namely S.au-
reus, S.epidermidis, S.saprophyticus, 
S.xylosus, and S.psedointermedius, to 
12 antibiotics according to the method 
of Kirby Bauer (1966). Sensitivity and 
resistance were determined based on 
measuring the diameter of the inhibi-
tion zone of the antibiotic discs used 
in the study and compared with what is 
stated in CLSI 2025.

The isolates showed moderate re-
sistance to Kanamycin at 40%, 25%, 
33.33%, and 66.67% for S.aureus, 
S.epidermidis, and S.psedointerme-
dius, respectively. These results are 
comparable to those of Chieffi et al. 
al., 2023)) and Correia, 2020). While 
the sensitivity rate was 100% for both 
S. xylosis and S. sedointermedius. This 
antibiotic may function by attaching to 
the bacterial cell’s 30S ribosome com-
ponent, which disrupts protein syn-
thesis. Kanamycin binds to the 30S 
component of the bacterial ribosome, 

causing misreading of mRNA. This 
leads to the synthesis of deformed and 
non-functional proteins, which inhibits 
bacterial growth. Resistance may arise 
as a consequence of the antibiotic be-
ing evacuated from the cell by excreto-
ry pumps, or it may impede antibiotic 
penetration by changing the makeup 
of the outer membrane. (Punetha et 
al.,2021). Gentamicin resistance was 
20%, 25%, and 33.33% for the iso-
lates, with a high sensitivity ranging 
between 65, 75, 66, and 57%. This is 
consistent with the results of (Thuraya 
et al., 2022) and close to (Asmirah et 
al., 2022). Sensitivity was 100% for 
both S. xylosis and S. sedointermedi-
us. Gentamicin selectively interacts to 
the bacterial ribosome’s 30S subunit. 
inhibiting accurate mRNA translation 
and causing errors in reading the genet-
ic code (misreading). This resistance to 
the antibiotic may be due to the deg-
radation of the treatment by enzymes 
or the absence of receptor sites on the 
ribosome. (Wang et al., 2022)

While Azithromycin showed a resis-
tance rate of 60.25% for S.aureus and 
S.epidermidis, which is close to what 
was found by the researcher (Al-Jubori, 
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Dahham, 2023), while the resistance 
was (33.33, 0%) and the sensitivity 
rate was 100% for S.saprophyticus, 
S.xylosus, and S.psedointermedius. 
Macrolide antibiotics may attach to the 
50S component of the ribosome, which 
prevents the synthesis of polypep-
tide chains and protein biosynthesis. 
(Wang et al., 2024). Resistance occurs 
as a result of modification of the 50S 
subunit of the ribosome, specifically 
the ribosomal RNA (23S rRNA). This 
is usually done through methylation by 
enzymes encoded by the erm (eryth-
romycin ribosomal methylase) genes, 
such as erm(A), erm(B), and erm(C). 
This modification prevents azithro-
mycin from binding to its target site 
(Berbel et al.,2022). For the antibiot-
ic chloramphenicol, the resistance rate 
was 20, 50, 100, and 100% for S. au-
reus, S. epidermidis, S. saprophyticus, 
and S. psedointermedius, respectively. 
This result is close to what was found 
by the researcher (Shariati et al., 2020). 
Resistance may develop as a conse-
quence of chloramphenicol-acetyl-
transferase enzymes. Enzymes known 
as chloramphenicol-acetyltransferases 
change the antibiotic chloramphenicol 

by acetylating its hydroxyl group, re-
sulting in an altered version of the anti-
biotic that is incapable of binding to its 
ribosome target. (Varela et al., 2021). 
The sensitivity rate was 100% for S. 
xylosus, which means that the antibiot-
ic successfully reached the target site. 
The resistance rate to Cefepime was 
(60%, 100%, 66.67, 100%) for S. au-
reus, S. epidermidis, S. saprophyticus, 
S. xylosus respectively, and the sensi-
tivity rate was 100% for S. psedoint-
ermedius, while the resistance rate to 
Cefexime was (95, 75, 100, 100, 100), 
and for Ceftiaxone the resistance rate 
was (50, 50, 33, 100%) for all species. 
This indicates that the antibiotic is ren-
dered ineffective by bacteria due to the 
synthesis of beta-lactamase enzymes 
(β-lactamases). These enzymes de-
stroy the beta-lactam ring in the ceph-
alosporin molecule, which makes the 
antibiotic lose its effectiveness. Bush, 
Bradford, 2020) ) and for Amoxycil-
lin the percentage was Resistance (60, 
33.33%) to both S.aureus and S.sap-
rophyticus. This aligns with the find-
ings of the researcher. (Thuraya et al., 
2022). While the sensitivity rate was 
(75%, 100%) for both S.epidermidis 
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and S.xylosis, and for Piperacillin, the 
resistance rate was (90, 25, 33.33, 100, 
100%). The increased resistance to pen-
icillin antibiotics may be ascribed to the 
presence of beta-lactamase enzymes in 
bacteria that breakdown the penicillin 
class. whose genes are either chromo-
somal or plasmid in origin. These bac-
teria manufacture penicillin-binding 
proteins (PBPs) that are situated in the 
cytoplasmic membrane and are affixed 
to the cell wall. These proteins are a 
target for both penicillin and cephalo-
sporin antibiotics, as they alter the tar-
get site of beta-lactam antibiotics, re-
sulting in bacterial resistance to them 
(Drwaz & Bonomo, 2010). This means 
preventing the antibiotic from forming 
a cell wall during the early stages of 
bacterial growth (Drwaz & Bonomo, 
2010). While the resistance rate to azt-
reonam was (100, 75, 66.67, 100, 100) 
for all bacterial species, Antibiotic re-
sistance may result from the synthesis 
of resistant beta-lactamase enzymes 
(β-lactamases). (Bush & Bradford, 
2016). For Augmentin, the sensitivity 
rate was (50, 75, 66.67, 100%). For S. 
aureus, S. epidermidis, S. saprophyt-
icus, S. xylosus, It obstructs bacteri-

al cell wall formation by attaching to 
penicillin-binding proteins (PBPs). 
While the resistance rate was 100% for 
S. psedointermedius, which means that 
the antibiotic is destroyed by the pro-
duction of the beta-lactamase enzyme 
(Drawz, &. 2010). As for the antibiotic 
Imipenem, the sensitivity rate was (90, 
75, 100, 100%) for each of S. aureus, 
S. epidermidis, S. saprophyticus, and 
S. xylosus, and the resistance rate was 
100% for S. psedointermedius. This 
antibiotic functions by obstructing the 
creation of the bacterial cell wall by its 
binding to penicillin-binding proteins 
(PBPs), hence hindering peptidogly-
can production, which results in cell 
death (bactericidal). It is distinguished 
by its capacity to withstand degrada-
tion by the majority of beta-lactamase 
enzymes. (Queenan, Bush 2007).
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Figure 6.  Diameters of inhibition of antibiotics 
for Gram-positive bacterial isolates

Antibiotic sensitivity and resistance of Staphylococcus spp
Table 4 .
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Conclusions:
1. Gram-negative bacteria, espe-

cially K. pneumoniae, E. coli, and P. 
aeruginosa, were the most common 
pathogens isolated from diabetic foot 
infections.

2. High levels of resistance were 
observed against conventional antibi-
otics, particularly penicillins and ceph-
alosporins, suggesting the presence of 
multiple resistance mechanisms, in-
cluding β-lactamase production.

3. Imipenem demonstrated the 
highest efficacy against most bacteri-
al isolates, highlighting its potential as 
a treatment option for resistant infec-
tions.

4. Routine antibiotic susceptibili-
ty testing is essential for diabetic foot 
patients to avoid ineffective treatments 
and reduce the risk of resistance devel-
opment.

5. The study recommends reinforc-
ing antibiotic stewardship programs 
and implementing strict infection con-
trol measures in healthcare settings.
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