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ABSTRACT
Background: The incidence of diabetes mellitus (DM) throughout the world is increasing strikingly and is becoming a serious public health 
problem especially in the developing countries. Infections are important cause of death in diabetes and remain a very important cause of morbidity 
and mortality in people with diabetes. Most common type of diabetes in Indian population is type 2 DM. Most common infection associated with 
DM found to be urinary tract infections (UTI). Objective: The main objectives of this study were to isolate, identify and to determine antimicrobial 
susceptibility pattern of microbiological agents of UTI in type 2 DM patients and assess prognosis of these patients with prescribed antimicrobial 
treatment regimen. Results and Discussions: We conducted the study from December 2013 to December 2018 in the department of microbiology 
from the patients attending the outpatients department of a tertiary care hospital. In this study, total 774 non-repetitive patients’ samples were 
included but 14 samples were contaminated and lost from follow-up. Thus, available data for analysis were 760 samples. Total 254 samples showed 
significant growth (32.82%). Most common isolated pathogen was Escherichia coli. In our study, 17.82% patients were asymptomatic but culture 
positive. The asymptomatic patients with positive urine culture turn up with symptomatic UTI, often with complications. Conclusion: UTI with 
multidrug-resistant organism in outpatients has emerged; limiting the treatment options in the high-risk groups. The need for an antibiotic policy 
based on adequate and continuous monitoring of susceptibility patterns in the institutions is recommended.
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In T R o d u C T I o n

Diabetes mellitus (DM) is a group of metabolic diseases 
characterized by hyperglycemia resulting from defects in insulin 
secretion, insulin action, or both. People with diabetes develop 
infections more often than those without diabetes and the course 
of the infections is also more complicated. Historically, infections 
have been well recognized as an important cause of death in 
diabetes and remain a very important cause of morbidity and 
mortality in people with diabetes. Most common type of diabetes 
in Indian population is type 2 DM.[1] Most common infection 
associated with DM found to be urinary tract infections (UTIs).[2,3] 
The incidence of DM throughout the world is increasing strikingly 
and is becoming a serious public health problem especially in the 
developing countries.[4] It has a long-term effect on the incidence 
of UTI and it has been reported to be around four times higher in 
diabetics compared to non-diabetic patients.[5] Diabetes is also a 
risk factor for multidrug-resistant UTI, perhaps related to recurrent 
or increased exposure to antibiotics.[6] In community and hospital 
settings the etiology of UTIs and the antimicrobial susceptibility 
of uropathogens have been changing over the years. Factors 
such as the changing patient population, extensive use, and 
misuse of antimicrobial agents could all contribute to changes 
in the microbial profile of UTI. Knowledge of the antimicrobial 
resistance pattern of common uropathogens according to local 
epidemiology is essential for providing clinically appropriate and 
cost-effective therapy for UTI.

Objectives
The objectives of the study were to isolate and identify the 
etiological agents of UTI in type 2 DM patients, to determine their 
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antimicrobial susceptibility pattern, and assess prognosis of these 
patients with prescribed antimicrobial treatment regimen.

Me T h o d S

The study was conducted from December 2013 to December 2018 
in the department of microbiology from the patients attending 
the outpatients department of a tertiary care hospital. Necessary 
clearances from the institutional ethical committee were obtained 
before the study. The informed consents were obtained from all 
the patients include in the study before collection of the specimen. 
Mid-stream clean catch urine samples were collected from 
selected type 2DM patients as cases and were analyzed by wet 
mount, cultures and stained smears, biochemical reactions, and 
other microbiological methods. The semi-quantitative culture was 
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performed by inoculating urine on Blood agar and CLED media 
by standard loop method. Colony count was performed on blood 
agar. On culture of urine, a colony count of ≥105/ml organisms 
was considered significant. Only a single positive culture per 
patient was included in the analysis. In addition, a pure culture of 
Staphylococcus aureus was considered significant regardless of the 
number of colony-forming units.[7] Cultures showing insignificant 
growth were considered as no growth and in cases of mixed 
growth of three or more pathogens or growth of non-pathogens 
were asked to send repeat sample for culture and sensitivity 
after proper collection of urine. The isolates were subjected to 
identification by conventional phenotypic methods including the 
antimicrobial susceptibility testing by modified Kirby-Bauer disk-
diffusion technique as per the recommendations of Clinical and 
Laboratory Standards Institute.[8] The control strains used were 
Escherichia coli American Type Culture Collection (ATCC) 25922, 
Pseudomonas aeruginosa ATCC 27853, and S. aureus ATCC 25923. 
For ESBL test control strain used was Klebsiella ATCC 700603

Re S u lTS
In this study, total 774 non-repetitive patients’ samples were 
included but 14 samples were contaminated and lost from 
follow-up. Thus, available data for analysis were 760 samples. 
Total 254 samples showed significant growth (32.82%). The 
mean age of type 2 diabetic patients’ was 49.57 ± 12.27 years. 
Majority of patients were between 41 and 50 years age group. The 
overall culture positivity of urine samples was 32.82%. Females 
were more susceptible for UTI with an overall male:female ratio 
1:2.23. In our study, among women with type 2 DM patients 
17.82% of asymptomatic and 46.60% of symptomatic patients 
showed positive culture. Among the symptomatic patients, 
55.21% presented with dysuria as the most common presenting 
symptom. Among the 45 asymptomatic culture positive patients, 
42 (93.54%) were female patients. Out of the 254 culture positive 
cases, 152 (59.85%) cases were isolated from patient being treated 
with OHA and 90 (35.43%) cases were isolated from patient 
being treated with insulin. Twelve (4.72%) cases were isolated 
from patient being treated with insulin and OHA. In the present 
study, average duration of treatment of type 2 DM is 5.35 years. 
Significant association was found between a positive urine culture 
and longer duration of treatment for type 2 DM. In this study, E. coli 
were the predominant uropathogen, accounted for approximately 
35% (89) of all clinically significant urinary isolates Figure  1. For 
Gram-positive isolates linezolid and vancomycin showed excellent 
in vitro sensitivity found. For Gram-negative organisms, there was 
aminoglycosides, nitrofurantoin, and doxycycline, respectively, 
found sensitive in vitro. Fluoroquinolone resistance is being 
encountered regularly. Drug resistance is emerging among the 
clinical isolates. Among the total 254 urinary isolates from type 
2 DM patient 30 cases (11.82%) showed to produce extended 
spectrum beta-lactamase enzyme. Patients with urine culture 
positive report were given antimicrobial based on AST and they 
responded well. Only 6 (2.36%) patients showed positive urine 
culture after 2 weeks of antimicrobial treatment. In vitro, drug 
susceptibility results corroborated with good clinical responses.

dI S C u S S I o n
The present study was undertaken to determine the distribution 
and antibiotic susceptibility pattern of microbial species isolated 

from urine samples of selected type 2 DM patients in a tertiary care 
hospital. Out of 774 samples obtained, 14 cases (1.8%) showed 
growth of contaminants and they could not be processed. Rest 
760 samples were processed and results were analyzed. 254 cases 
showed culture positivity with significant colony count, giving the 
outcome percentage of 32.82%. This result was similar to a study 
in the Philippines by Alcantara et al. they obtained 33.6% culture 
positivity with similar groups. Boyko et al. also demonstrated 
30.69% positive culture among 215 diabetic patients.[9] However, 
it was dissimilar from a study of Saudi Arab by Al-Rubeaan et al. 
in where they found out 25.3% positive cultures.[10] Proportion 
of positive urine culture was more common in higher age group 
it was similar to Astra Zeneca trial in 2010.[11] In our study, mean 
age of type 2 diabetic patients’ was 49.57 ± 12.27 years. Majority 
of patients were between 41 and 50 years age group. Recent 
studies have demonstrated an increased risk of symptomatic UTIs 
primarily in women with type 2 DM.[12] In postmenopausal women, 
type 2 diabetes has been associated with a two-fold increased risk 
for UTIs.[9,13] Symptoms associations were also studied. In our study, 
among women with type 2 DM patients 17.82% were asymptomatic 
and 46.60% symptomatic patients showed positive urine culture. 
However, in an Iranian study on women with type 2 DM researchers 
found out lower prevalence of UTI; 1.8% in asymptomatic patients 
and 6.2% in symptomatic patients[14] and also Geerlings et al. in 
Netherlands found that total of 81 of the 348 women (23%) with 
type 2 diabetes developed a UTI.[15] This is similar to the results of 
the previous studies that showed occurrences of positive urine 
culture in different geographical locations 21% in Karachi (Baqai 
et al., 2003), 26% in Nigeria (Alebiosu et al., 2003), and 19% in 
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Figure 1: Distribution of culture positive cases according to microbial 
species in urine
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Bahrain (Hajeri, 2008). This is higher than 9.3% in Ethiopia (Uncu 
et al., 2002), in Ghana (Turpun et al., 2007), and lower than 36.15% 
in Benin (Ophori et al., 2010) with type 2 DM.[16] In our study, 
culture positive cases found to be 31 in number out of 174 (17.8%) 
asymptomatic type 2 diabetic patients. It was similar to a study by 
Bonadio et al. they found among 176 asymptomatic outpatients 
18.8% were positive for urine culture.[17] However, dissimilar results 
obtained from an outpatient study of type 2 diabetic females by 
Sotiropoulos et al. they found out only 9.6% culture positivity but 
in lesser number of patients were included in that study.[18] Our 
study demonstrated 17.82% positive urine culture among female 
asymptomatic outpatients In an Italian study in Pisa 1321 out of 
10221 (12.9%), an Iranian study[14] 22 out of 202 (10.9%) type 2 
diabetic women were asymptomatic and urine culture positive. 
This is comparable with studies of Kayima et al. (11.2%) and Zhanel 
et al.[19] (7.9%). However, prevalence of asymptomatic culture 
positive in diabetic women was reported 26% in Geerlings et al. 
study[15] and 26.6% in Alebiosu et al. report.[20] We are imposing 
stress on asymptomatic culture positivity because large share 
of them presented with symptomatic UTI during and after 
study period. This observation was supported by Ribera et al. as 
symptomatic UTI occurred in 69.2% of patients with ASB (67.6% 
female and 76.5% male) versus 9.8% without ASB (14.9% female 
and 2.6% male).[4] Among symptomatic patients, 46.6% showed 
positive urine culture. The most common symptoms were dysuria 
(43.69%), followed by frequency (38.35%). All the symptoms 
were significantly associated with positive urine culture. Reason 
of symptom with negative yield of urine culture could be the 
causative organisms are parasites or fastidious organisms, which 
could not be grown in this study.

Our study findings show that patients who had prior history 
of UTI are more likely to have a positive urine culture (P < 0.001). It 
suggests that DM is a risk factor for recurrence of UTI. Schneeberger 
et al. found out that women with type 2 DM are more likely to 
have a recurrence.[21] Out of the 254 culture positive cases, 152 
(59.85%) cases were isolated from patients being treated with oral 
hypoglycemic agents and 90 (35.43%) cases were isolated from 
patients being treated with insulin. 12 (4.72%) cases were isolated 
from patients being treated with combinatorial therapy of insulin 
and OHA. Boyko et al. demonstrated that insulin has a three- to 
four-fold higher risk of UTI, possibly indicating an association with 
severity of diabetes.[9] Women taking insulin were mainly those 
at higher risk, possibly because of more severe diabetes, since 
the use of insulin may be a marker for disease severity. DM is a 
chronic disease. Average duration of treatment is also prolonged. 
Prolonged duration of treatment of diabetes often associated 
with complications. In the present study, average duration of 
treatment of type 2 DM was 5.35 years. Significant association 
was found between a positive urine culture and longer duration 
of treatment for type 2 DM (P = 0.04). However, in Iranian diabetic 
women no evidence of a significant relation between bacteriuria 
and the duration of diabetes (P = 0.09) was found.[14] It supports 
that longer duration of diabetes damages the host immunity 
severely and enhances chance of acquiring an UTI.[22] In our study, 
we defined HbA1C levels as the parameter for glycemic control 
and HbA1C ≤7% were marked as good control and 7.1–8.9% as 
poorly controlled and ≥9% very poorly controlled glycemic status; 
significant association of positive urine culture was seen with very 
poorly controlled glycemic status (P < 0.001) Table 1. However, it 
differs from the study of Gerrlings et al.[4] where they did not find 

any association of urine culture positivity with glycemic control 
status. It could be due to the fact they did not take into account 
the very poorly controlled diabetic patients in that study. In this 
study, E. coli was the predominant uropathogen, accounted for 
approximately 35% of all clinically significant urinary isolates. 
This was consistent with the findings of previous studies, in which 
E. coli was the predominant pathogen isolated from patients with 
community acquired UTIs.[22,23] Similar results were obtained by 
Ghenghesh et al. in Libya.[24] Goswami et al. observed that E. coli 
was the most commonly grown organism (64.3%), followed by 
S. aureus (21.4%) and Klebsiella pneumoniae (14.3%)[25] which was 
very similar to our study.

Antibiotic resistance is a major clinical problem in treating 
infections caused by these microorganisms. Our study 
demonstrated that E. coli isolated from the urine showed 
increasing resistance to trimethoprim/sulfamethoxazole, 
norfloxacin, and cefuroxime Table 2. E. coli was highly sensitive to 
polymyxin B, cefoperazone-sulbactam and that were commonly 
used in our patients studied it was similar to study of Janifer 
et  al.[26] S. aureus was sensitive to linezolid and vancomycin but 
resistant to ampicillin and penicillin this was similar top study 
by Alcantara et al.[27] in the Philippines. We stressed on these two 
microorganisms as they comprise 51% of the total isolates of this 
study. The frequency of resistance in the study has been attributed 
to a complex interaction of various factors that influence the 
host, microorganism, and/or the environment. These include 
the  use of broad spectrum antimicrobial drugs, an increase in 
the number of susceptible hosts; technological changes that lead 
to increased exposure to resistant organisms; and breakdown in 
hygiene, infection control practices, or disease control programs 
that lead to increased transmission of resistant organisms.[28] The 
increasing antimicrobial resistance is often a result of poor patient 
compliance and/or physicians poor adherence to recommended 
treatment guidelines.[29] This is now a very important medical 
problem in the treatment among diabetic patients with infections. 
From our study, we could suggest that cefoperazone-sulbactam 
and vancomycin/linezolid could be the best choice as empirical 
therapy for the uncontrolled symptomatic type 2 DM indoor 
patients, as often they have a complicated course of disease. Among 
the total 254 urinary isolates from type 2 DM patient, 30 cases 
shown to produce extended spectrum beta-lactamase enzyme 
by phenotypic method. Of those E. coli and K. pneumoniae were 
the only isolates. Among those isolates all of the cases were from 
outpatients. Majority (66.67%) were females, among females 80% 
were postmenopausal. It signifies that drug resistance is emerging 
in community among high-risk groups. Out of 114 isolates of E. coli 
and K. pneumoniae 30 (26.31%) shown to produce ESBL. It was 
much lower than found in a Bangladesh study by Saber et al. where 
they found out 47.8% ESBL producers, they also found out E. coli 
and K. pneumoniae as the only ESBL producers.[30] The difference 
could be attributed to the fact that our study populations were 
mostly outpatients and these drug resistant strains are not so 

Table 1: Distribution of cases and glycemic control status
HbA1C Culture positive (%) Culture negative (%) Total P=0.0004
≤7% 130 (17.11) 256 (33.68%) 396
7.1–8.9% 34 (4.47) 146 (19.21%) 180
≥9% 90 (11.84) 104 (13.68%) 194
Total 254 506 760
HbA1C: Glycated hemoglobin. HbA1c≤7%: Good glycemic control, HbA1c 
7.1–8.9%: Poor glycemic control, ≥9%: Very poor glycemic control
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widespread in the community. However, it is also reflecting that the 
drug-resistant strains are emerging in the community. Amongst 
774 patients of type 2 DM in the study, 254 (32.82%) patients 
showed positive urine culture. Among those only 8 (3.15%) 
isolates showed to produce carbapenemase enzymes. All of them 
were isolated from inpatients. The carbapenemase producers 
were mostly K. pneumoniae, only one case of Enterobacter spp. was 
carbapenemase producer. No AmpC β lactamase producers were 
phenotypically detected in this study. Methicillin resistances were 
detected significantly among S. aureus isolates. About 41% of the 
S. aureus isolates were detected to be Methicillin-resistant S. aureus 
(MRSA) phenotypically. Among MRSA isolates majority were from 
outpatients (77.8%) indicating high proportion of CA-MRSA. 
Inducible clindamycin resistance was not so common, only 14% 
showed inducible Clindamycin resistance; concurrently all of them 
were methicillin resistant phenotypically. Clinicians following 
antimicrobial susceptibility testing instituted antimicrobials. 
Patients with urine culture positive report were given antimicrobial 
and they responded well. Only 6 (2.36%) patients showed positive 
urine culture after 2 weeks of antimicrobial treatment. Here, in vitro 
responses were different from clinical response. They were treated 
with different antimicrobial based on AST of second occasion 
and during follow-up they showed favorable clinical response. A 
prospective study of diabetic patients can be done to determine 
whether associations of urinary symptoms influence the long-
term outcome.

Co n C lu S I o n

UTI is common in type 2 DM. With the high occurrence of infection, 
there is a need to increase the surveillance of infections among 
diabetic patients. The asymptomatic patients with positive urine 
culture turn up with symptomatic UTI, often with complications. 
UTI with multidrug-resistant organism in outpatients have 
emerged; limiting the treatment options in the high-risk groups. 
The need for an antibiotic policy based on adequate and 
continuous monitoring of susceptibility patterns in the institutions 
is recommended.
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