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Abstract 

The current study is designed to study bacteriologically urine in type 2 diabetic patients. It included 100 
diabetic patients (all of type 2), who attended Ramadi Teaching Hospital - Anbar during the period from 
August 2021 until January 2022. A general urine examination was done for all samples. This examination 
included three examination kinds Gross Examination, Microscopic examination, and Biochemical test. 
The Gross Examination ensured Appearance and color. Microscopic examination ensured Pus cells, RBC, 
and bacteria shape. Biochemical test ensured Reaction (PH), S.P. Gravity, glucose, Ketones, Bilirubin, 
Urobilinogen, and protein Albumin. The results of the study showed a positive relationship between type 
2 diabetic patients and bacterial infections as the hyper glucose made good media for bacterial growth 
which leads to urinary tract infection (UTI). 
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Introduction 

Previous studies have observed a direct 
relationship between blood glucose and the 
activity of bacteria. Hyperglycemia is present in 
patients with diabetes and the disease can be 
associated with a different increased risk of 
infection with different types of bacteria. 
Interestingly, patients with type 2 diabetes 
showed increased rates of bacterial infection 
associated with the disease [1]. The microbiome 
has been associated with the pathophysiology of 
most chronic diseases. T2DM is no exception to 
this rule. Indeed, there is evidence for the effects 
of bacteria on glucose metabolism in T2DM. 
Therefore, there is great interest in studying the 
relationship between bacterial infections and 
T2DM patients. However, the bacteriological 
studies that appear about T2DM showed that 
concerns have been raised regarding the 
relationship between bacteria and diabetes. 
These studies noted that different types of 
bacteria were found in patients with T2DM [2]. 

Type 2 diabetes mellitus (T2DM) is a diverse 
group of diseases characterized by varying 
degrees of insulin resistance, impaired insulin 
secretion, and increased glucose production. 
Infection is more common in patients with T2DM, 
with the urinary tract being the most common 
site of infection [3]. Autonomic neuropathy may 

contribute to the aetiology of urinary tract 
infections (UTI) in diabetic patients by causing 
incomplete emptying of the bladder to the 
growth of various bacteria [4]. Age, metabolic 
control, and long-term consequences, 
particularly diabetic nephropathy and 
cystopathy, have been shown to increase the 
incidence of UTIs and the growth of different 
bacteria in patients with type 2 diabetes [5]. 

Orna Nitzan claim that UTI symptoms are 
identical in diabetics and non-diabetics, while 
some diabetic neuropathy patients may have 
different clinical outcomes. The presence of 
symptoms, the severity of systemic symptoms, 
whether the infection is limited to the bladder or 
involves the kidneys, the presence of 
abnormalities in the urinary tract, concomitant 
metabolic disturbances and bacterial growth are 
all factors that influence treatment [6]. 

Asymptomatic bacteriuria (ASB) to lower urinary 
tract infection (cystitis), pyelonephritis, and 
severe sepsis are all possible UTIs in T2DM 
patients. Urinary tract disease complications 
such as emphysema and pyelonephritis, kidney 
abscesses, and renal papillary necrosis are all 
more common in T2DM patients than in the 
general population. Enterococci that produce -
lactamase, fluoroquinolone-resistant urinary 
tract pathogens, carbapenem-resistant 
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enterococci, vancomycin-resistant enterococci, 
and Fungal UTIs, which are most commonly 
caused by Candida, are also a risk factor for type 
2 diabetes. Longer hospitalizations and greater 
mortality are among the negative consequences 
of UTIs. 

Patients with T2DM are more likely to have any 
type of bacteria associated with a urinary tract 
infection. The total incidence of bacterial 
infection in UTIs among these patients has been 
documented in several studies. The incidence of 
bacterial infection in UTIs was 46.9 per 1,000 
person-years among diabetics and 29.9 for non-
diabetics, according to a monitoring analysis of 
all patients with T2DM in the UK General Practice 
Research Database[7]. Women with previously 
diagnosed diabetes were more likely to have a 
bacterial infection with UTI (91.9/1,000 person, 
of newly diagnosed (within 6 months) diabetic 
women. The study of almost 6,000 individuals 
who participated in 10 clinical trials indicated a 
female incidence rate of 91.5 per 1,000 person-
years and a male incidence rate of 28 per 1,000 
person-years, with a cumulative incidence rate of 
2% over six months [8].   

A study performed in the USA reported that 8.2 % 
of people with T2DM were diagnosed with 
bacterial infections and UTI over the course of the 
year. According to data from the Healthcare 

Database (12.9 % of women and 3.9 % of men, 
with incidence increasing with age) [9]. 
According to an American study conducted by Fu 
AZ, bacterial infections with UTI were more likely 
to be diagnosed in men and women with diabetes 
than in non-diabetics (9.4% versus 5.7%) [10].   

 

Methods and Material 

Urine sample collection 

Mid-stream urine samples were collected in 
sterile tubes from patients of Al-Ramadi Teaching 
Hospital in Al-Ramadi city during the period from 
August 2021 until January 2022. A total of 100 
urine samples were taken from diabetic patients 
with type 2. A general urine test was done, and 
then a urine culture was done for all samples. The 
presence of pus cells < 5 as evidence of the 
presence of bacteria in urinary tract infection. 
Samples containing pus cells <5 were cultured on 
culture plates nutrient components, blood and 
chocolate agar. After obtaining the developing 
colonies, a microscopic examination is performed 
to identify the shapes and types of cells, in 
addition to dividing them into Gram-negative and 
Gram-positive. Samples are taken to the Vitek 2 
equipment to confirm the diagnosis. Finally, 
other tests of the oxidase and catalase tests are 
done.  

 

 

Fig (3.3) Urine Culture for G.U.E. and Bacteriological Study  
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Results and Discussion 

General Urine Examination 

In 40% of the samples, the value of the Pus cells 
were < 5. 

 Bacterial Samples 

The results of the culture showed the appearance 
of growth in 25 samples, which were diagnosed 
using Vitek-2 (GN; GP). The GN refers to a positive 
result in the Gram stain test and GP refers to 
negative results in the Gram Stain test. The 
percentage of bacterial isolates as shown in the 
following Fig.: 

 

 

Fig shows Percentage of Bacterial Isolates 

Diagnostics by Vitek-2  

For the purpose of diagnosing bacterial isolates 
isolated from the urine of patients with T2DM for 
a confirmatory diagnosis is used with the Vitek 
device, through a set of biochemical tests.  The 
results indicated that there were different results 
according to the genera and types of bacteria. The 
results showed that 25 bacterial isolates were 
obtained. 21 Gram-negative bacterial isolates 
belonging to Bacteria as Proteus Mirabilis  2%,  
Klebsiella Pneumoniae 6%,  Ecoli 4%,  

Pseudomonas Aeruginosa 4%,  Acinetobacter 
Baumannili 5%, and 4 Gram-positive bacterial 
isolates belonging to Bacteria Staphylococcus 
Aureus 2%, Staphylococcus Hemolytic  2%.  

 

Biochemical Test for Gram-Negative Bacteria 

The biochemical test for Gram-negative bacteria 
showed the following bacteria:  

A- Proteus Mirabilis 

The results of the biochemical test shown in the 
following table showed that P. mirabilis was 
facultative anaerobic, positive for catalase and 
negative for oxidase.  

B- E. Coli 

The results of the biochemical test shown in the 
following table showed that E. Coli was 
facultative aerobic, positive for catalase and 
negative for oxidase.  

C- Klebsiella Pneumoniae 

The results of the biochemical test shown in the 
following table showed that Klebsiella Pneumonia 
was facultative anaerobic, negative for catalase 
and oxidase.   

D- Acinetobacter Baumannii  

The results of the biochemical test shown in the 
following table showed that Acinetobacter 
Baumannili was facultative anaerobic, positive 
for catalase, and negative oxidase test.  

E- Pseudomonas Aeruginosa 

The results of the biochemical test shown in the 
following table showed that Pseudomonas 
Aeruginosa was aerobic, and positive for the 
catalase and oxidase test.   

The results of biochemical test for Gram-Negative bacteria are shown in the following table.  

 

No. 

 

TEST 

RESPONSE 

P-Mirabilis E. Coli K- 
Pneumonia

e 

Acinetobacte
r Baumannii 

P- 
Aeruginos

a 

1 Gram stain - - - - - - 

2 Cellular 
appearance 

Bacillus cells Bacillus 
cells 

Bacillus 
cells 

Coco Bacillus 
cells 

Bacillus 
cells 

3 growing 
conditions 

facultative 
anaerobic 

facultativ
e aerobic 

facultative 
anaerobic 

facultative 
anaerobic 

aerobic 
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4 catalyzed 
test 

+ + - + + 

5 oxidase test - - - - + 

6 Fermentatio
n of lactose 

- + + - - 

 

Biochemical Test for Gram-Positive Bacteria 

The biochemical test for Gram-positive bacteria 
showed the following bacteria: 

A- Staphylococcus Aureus  

The results of the biochemical test shown in the 
following table showed that Staphylococcus 

Aureus was facultative anaerobic, positive for 
catalase and negative for oxidase test.  

B- Staphylococcus Hemolytic   

The results of the biochemical test shown in the 
following table showed that Staphylococcus 
Hemolytic was facultative anaerobic, positive for 
catalase and negative for oxidase test.  

The results of biochemical test for Gram-Positive bacteria are shown in the following table: 

 

No. 

 

TEST 

RESPONSE 

Staphylococcus  

Aureus 

Staphylococcus 
Hemolytic 

1 Gram stain - + + 

2 Cellular appearance Clusters of  coccus cells Clusters of coccus 
cells 

3 growing conditions anaerobic anaerobic 

4 catalyzed test + + 

5 oxidase test - - 

 

Sensitivity of Antibiotic 

A- Sensitivity of Antibiotic of Gram-Negative 
Test 

The results obtained using the Vitek 2 device, 
which includes the diagnostic card, showed 17 
antibiotics to determine the sensitivity of 

bacterial isolates to those antibiotics. The 
sensitivity of bacterial isolates to antibiotics was 
measured using the Minimum inhibitory 
concentration (MIC) of the antibody and its 
effect on bacteria. The following Table shows the 
sensitivity of antibiotics of Gram-Negative Test. 

 

Sensitivity of Antibiotics of Gram-Negative Test 

Antimic
robial 

K.  

pneumoniae 

 

E.Coli 

Proteus 
mirabillis 

P. 
Aerguinosa 

Acintobater 
baumanni 

 MIC Interpr
etation 

MIC Inter
preta
tion 

MIC Inter
pret
ation 

MI
C 

Interp
r 

MIC Interpre
tation 

ESBL NEG - PoS +       

Ampicil
lin 

16 ✵R ˃=32 R ˂=2✵ ✵R   ˂=2 ✵R 

piperaci
llin 

˂=4 S ˂=4 S ˂=4 ✵R 32 S ˂=4 ✵R 
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Cefazoli
n 

˂=4 S ˃=64 R ˂=4 ✵R ˂=
64 

R ˂=4 ✵R 

Cefoxiti
n 

˂=4 S 8 S ˂=4 ✵R   ˂=2 ✵R 

Ceftazid
ieme 

˂=1 S ˃=64 R 8 ✵R 4 S 8 ✵R 

Ceftriax
one 

˂=1 S ˃=64 R ˂=1 ✵R   ˂=1 ✵R 

Cefepim
e 

˂=1 S ˃=64 R ˂=1 ✵R 8 S ˂=1 ✵R 

Ertapen
em 

˂=0.5 S ˂=0.5 S ˂=1 ✵R   ˂=2 ✵R 

Imipene
m 

˂=0.25 S ˂=0.25 S 8 R 2 S 8 R 

Amikaci
n 

˂=2 S 4 S ˂=2 S ˂=
2 

S ˂=2 S 

Gentam
icin 

˂=1 S ˂=1 S ˂=1 S ˂=
16 

R ˂=1 S 

Ciproflo
xacin 

˂=0.25 S ˃=4 R ˂=0.25 S ˃=
4 

R ˂=0. 5 S 

Levoflo
xacin 

1 S ˃=8 R ˂=0.12 S ˃=
8 

R ˂=0.1
2 

S 

Tigenyc
line 

2 S ˂=0.5 S 2 ✵R ˃=
8 

R 2 ✵R 

Nitrofur
antion 

˂=16 S 32 S 256 R   256 R 

Trimeth
opram 

160 R ˃=320 R ˂=20 S   ˂=20 S 

✵= AES modified, S= Sensitivity, R= Resistance 

 

The results of the study showed that all Gram-
negative bacterial isolates showed sensitivity to 
the antagonist amikacin which is from the 
Aminoglycosides group that inhibits protein 
synthesis by affecting the ribosomal unit in 
bacteria [11]. 

All Gram-negative bacterial isolates showed 
resistance to ampicillin, which is from the β-
Lactamase group, that inhibits bacteria through 
the production of penicillin enzymes. As these 
enzymes work to break down the beta-lactam 
ring in the antibiotic synthesis, making it an 
ineffective antibiotic.  The common and 
indiscriminate use of these antibiotics played a 
role in the increase in resistance. These bacteria 
have many means, represented by the production 

of extended spectrum beta-lactamases (ESBLs) 
[12]. 

 

B- Sensitivity of Antibiotic of Gram-Positive 
Test  

The results obtained using the Vitek 2 device, 
which includes the diagnostic card, showed 17 
antibiotics to determine the sensitivity of 
bacterial isolates to those antibiotics. The 
sensitivity of bacterial isolates to antibiotics was 
measured using the Minimum inhibitory 
concentration (MIC) of the antibody and its effect 
on bacteria. The following Table explains the 
sensitivity of antibiotic of Gram-Positive Test. 
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Sensitivity of Antibiotic of Gram-Positive Test 

 

Antimicrobial 

 

Staph. aureus 

 

Staph. haemolyticus 

 MIC Interpretation MIC Interpretatio
n 

Cefoxitin Screen POs ✵ POS + 

Benzylpencilin ˃ =0.5 R ˃ =0.5 R 

Oxacillin ˃ =4 R ˃ =4 R 

Gentamicin ˂ =0.5 S 8 ✵R 

Tobramycin ˂ =1 S 8 ✵R 

Levofloxacin 0.25 S 4 R 

Moxifloxacin ˂ =0.25 S 1 I 

Inducible Clindamycin R. NEG - POS + 

Erythromycin 0.5 S ˃ =8 R 

Clindamycin ˂ =0.25 S ˂ =0.25 ✵R 

Linezolid 2 S 1 S 

Teicoplanin 2 S 4 S 

Vancomycin 2 S 1 S 

Tetracycline ˂ =1 S ˃ =16 R 

Tigecycline 0.25 S ˂ =0.12 S 

Fosfomycin     

Nitrofurantoin ˂ =16 S ˂ =16 S 

Fusidic Acid ˂ =0.5 S 4 R 

Mupirocin     

Refampicin ˂ =0.5 S ˂ =0.5 S 

Trimethoprim/Sulfame ˂ =10 S 40 S 

+ = R,S  ✵= AES modified,  R=Resistance, S=Sensitive 

 

The results of the current study showed, that the 
isolates of Staphylococcus aureus were resistant 
to the antibiotics Benzylpencilin and Oxacillin. 
The bacterial isolates showed sensitivity to 
antibiotics Gentamicin, Tobramycin, 
Levofloxacin, Moxifloxacin, Erythromycin, 
Clindamycin, Linezolid, Teicoplanin, 
Vancomycin, Tetracycline, Tigecycline, 
Nitrofurantoin, Fusidic Acid, Rifampicin, and 
Trimethoprim/Sulfame as indicated above in 
table. 

As for Staph. Haemolyticus, the results showed 
that the isolates were resistant to most of the 

antibiotics Benzylpencilin, Oxacillin, Gentamicin, 
Tobramycin, Levofloxacin, Erythromycin, 
Clindamycin, Tetracycline, and Fusidic Acid. The 
bacterial isolates showed sensitivity to 
antibiotics Linezolid, Teicoplanin, Vancomycin, 
Tigecycline, Nitrofurantoin, Rifampicin, and 
Trimethoprim/Sulfame as indicated in the above 
table.  

The results showed that all isolates, both 
Staphylococcus aureus and Staphylococcus 
haemolyticus bacteria, are resistant to the 
antibiotic Benzylpenicillin, and Oxacillin, which 
are anti-penicillins belonging to the beta group, 
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due to their production of β-lactamase to 
suppress and thus destroy the effectiveness of 
the antibiotic. 

As for the resistance of hemolytic isolates to the 
antibiotic Gentamicin and Tobramycin, which 
belong to the Aminoglycoside group, which are 
among the groups of antibiotics that target the 
bacterial ribosome, it is through inducing an 
error in the transcription of the reading through 
the translation process [13]. As for the resistance 
of bacteria to the antibiotic Levofloxacin, which 
belongs to the group of Fluoroquinolones that 
participate in the genetic change of the enzyme 
Topoisomerase, by increasing the expression of 
the endogenous Efflux pump [13], [14]. 

 The results showed that all isolates; 
Staphylococcus haemolyticus bacteria are 
resistant to the antibiotic Clindamycin, which 
belongs to the Macrolides group. Wilson 
indicated (2009-2014) that the Macrolides group 
acts as a barrier that hinders the synthesis of 
Polypeptide molecules during the translation 
process. The resistance of bacteria to the 
Macrolides group is due to a mutation in the 23S 
rRNA site of the small ribosome [15]. 

The resistance of bacteria Staphylococcus 
haemolyticus to the antibiotics Tetracycline is due 
to a change in the location of the ribosomes or the 
production of Tetracycline inactivating enzyme 
that inhibit the activity of tetracycline or limits 
the access of the antibody to the ribosome [16]. 

As for the antibiotic Fusidic acid, some 
Staphylococcus isolates showed resistance to the 
antibiotic due to the binding of the antigen to the 
elongation factor G (EfG) and the occurrence of a 
mutation in the gene that encodes EfG, which 
prevents the antibody from binding to the target 
and causing resistance [17]. 

As for the antibiotics Teicoplanin and 
Vancomycin, to which all isolates were sensitive, 
which makes their use at the present time one of 
the treatment options used in the treatment of 
cases of Staphylococcus haemolyticus bacteria 
isolated from the urine of patients with type 2 
diabetes [13]. 

Conclusion 

The results of the study showed a positive 
relationship between T2DM patients and 
bacterial infections because diabetes reduces the 
body's immunity and thus creates a suitable 
environment for bacterial growth. The hyper 

glucose made good media for bacterial growth 
which leads to urinary tract infection (UTI). 
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