MULTIDRUG RESISTANT PROFILE OF UROPATHOGENIC Escherichia coli(UPEC)
ISOLATED FROM DIABETIC PATIENTS IN SOME HOSPITALS OF BAUCHI
METROPOLIS, NIGERIA

ABSTRACT
Background: Urinary Tract Infection (UTI) is a common pathogenic inflammatory, distressing
and occasionally life-threatening condition that affects people of all ages and gender, with
difficulty in treatment due to high rate of antibiotic resistance. Diabetic patients are more prone
to urinary tract infection due to their immunocompromised system and hyperglycemia level
compared to non- diabetic patients. Escherichia coli is the primary cause of UTIs in humans both
in diabetic and non-diabetic patients. Antibiotics are becoming less and-less effective, therefore
there is an urgent need to curtail this problem in order to have good administration-of antibiotics
to patients for effective treatment.
Aim: The aim of this study was to isolate uropathogenic Escherichia colic from diabetic
patientsanddetermine its antibiotic-resistant pattern
Methods: A total of 288 study participants were enrolled in the study,.(194 diabetic and 94 non
diabetic patients). Clean catch mid-stream urine samples:were collected from all the participants
in sterile containers. Each urine sample was streaked onto CLED (eysteine lactose electrolyte
deficient agar), incubated at 37°C for 24h and the isolates. were identified using standard
methods. Data obtained were analyzed statistically.
Results: A total of 64 UPEC was isolated from diabetic patients and 35 UPEC was isolated from
non-diabetic patients. Age group of 31-40 had high frequency of occurrence in both the study
participants, while age group of 10-20 and > 71 years had the least. There was no significant
difference between age group and the number of isolates as p> 0.05. Highest frequency of UPEC
was found within the female than their male counterparts. Type2 patients have high frequency of
isolates compared to type 1 patients.in both the study participants. In the present study, 52 UPEC
isolates from diabetic patients and 27 UPEC isolates from non-diabetic patients were resistant to
2 or more antimicrobial agent (multidrug resistance). The highest resistance was observed
against ampicillin and piperacillin-tazobactams, while the least resistant in imipenem.
Conclusion: The study:established that UPEC infection was more prevalent in diabetic than non-
diabetic patients, and.also. more prevalent in the middle age group, female gender and type?2
diabetic patients.:High rate of multidrug resistance was observed in both the study participants,
and this signals.a tremendous problem in prescription of antibiotics to patients. The emergence
of multi resistant strains of UPEC has added to the need of urgent development of more control
measures.and policies.to the use of antibiotics.
Keywords: UPEC (uropathogenic E. coli), diabetic patients, non-diabetic patients, multidrug
resistance.
1. INTRODUCTION

Urinary Tract Infection (UTI) which is defined as the presence and active multiplication
of microorganisms within the urinary tract is one of the commonest bacterial infections seeking
treatment in clinical practice [1]. 250 million people globally experience urinary tract infections
(UTls), it is one of the most common diseases in humans with a variety of etiological factors [2].
As stated by [3] , the infection is named after the affected urinary organ or part and is known as
cystitis (bladder infection) and pyelonephritis (kidney infection). The symptoms of bladder and



kidney infections differ, with cystitis causing painful and frequent urination and pyelonephritis
causing high fever and flank pain [3].

Diabetes mellitus (DM) is an ever-growing heterogenic disorder altering the metabolic
abilities of the body, primarily characterized by persistently high glucose levels (hyperglycemia)
resulting from defects in insulin secretion attenuating every bodily function [4,5]. It is among the
most common non-communicable diseases in emerging and developed nations[6], it has a
number of effects on the genitourinary system [7]. According to [8], Diabetes Mellitus (DM) has
become a significant public health issue worldwide and has emerged as a significant socio-
economic burden for developing nations.

UTIs are classified based on the type of infection (upper or lower UTl), the presence or
absence of symptoms (symptomatic or asymptomatic), the tendency to recur (single episode or
recurrent UTI), and the presence or absence of complicating factors (uncomplicated or
complicated UTI) [9,10,11,12,3,2]. Similarly, risk of UTI increases with age, poor metabolic
control, various impairments in the immune system and incomplete bladder emptying due to
autonomic neuropathy[13].

The common symptoms of UTI include burning micturition, urgency, dysuria, cramping
in the lower abdomen, mental irritability, back or flank“pain, chill,.nausea, fever, vomiting,
fatigue, and weakness [14]. According to [15], it is very important to screen diabetic patients for
UTIs for timely diagnosis, complete treatment, and preventionof progression to renal
complications and ultimately severe renal failure.

Urinary tract infection (UTI) is among the most common medical condition seen in all
age groups with DM [13]. Diabetic patients are highly susceptible to UTI compared to non-
diabetics[8]. Evidence from various epidemiological studies showed that UTI is more common
in females with diabetes than in non-diabetic females[16], it is more common in diabetes because
of a combination of host and local risk factors. Modification of chemical composition of urine in
diabetes mellitus can alter the ability of urine and support the growth of microorganisms[7].

Recent epidemiological studies and< analytical experimentation of patients with
preexisting diabetes mellitus have authenticated their plausibility of developing UTIs that are
potentially perilous with fatal manifestations [4]. Various impairments in the immune system,
including humoral, cellular, and innate immunity may contribute to the pathogenesis of UTI in
diabetic patients[5].

According to[3], bacteria are the primary cause of UTIs in humans and the most
contributed bacterial pathogen of UTIs is Escherichia coli in diabetic and non-diabetic patients
and others are - Klebsiellapneumonia, Staphylococcussaprophyticus, Proteusmirabilis,
Enterococcusfaecalis, ‘Group-B Streptococcus, Pseudomonas aeruginosa, Candidaspp, and
Staphylococcusaureus[14,15,17].

However, among the bacterial species involved in UTIs, uropathogenic Escherichia coli
strains (UPEC) are the most common. UPEC account for about 80% of uncomplicated UTIs,
95% of community-acquired infections, and 50% of hospital-acquired infections [18]. UPEC
also remains the most frequent pathogen in complicated UTIs [19]. According to [2], UPEC is a
heterogeneous group of extraintestinal pathogenic E. coli (EXPEC) that seem to originate from
the gut.

Antimicrobial resistance is naturally occurring as a reaction of microbial organisms to
environment[20]. The emergence of multi-drug resistant (MDR) strains is escalating, causing
urinary tract infections increasing both in community and hospital settings [1,15,21]. Increasing
cases of diabetes mellitus which consequently lead to more UTI cases and irrational use of



antibiotics has led to emergence of multi-drug resistant strains[22]. More so, studies in Africa
have shown the need to have systematic screening of UTI in diabetic patients due to the
increasing prevalence [22].

There is widespread concern about the high rates of resistance to antimicrobials used in
the treatment of urinary tract infections, particularly in developing countries. Antibiotics,
including broad-spectrum antibiotics, are frequently prescribed, which may lead to the
development of antibiotic-resistant urinary pathogens. Patients with diabetes mellitus are more
likely to have resistant pathogens, necessitating longer and more potent antimicrobial treatment.
Improved glycemic control in diabetics may thus aid in the control of UTIs. Accurate screening
for UTlIs in diabetic patients is also critical to enable appropriate treatment and-avoiding related
complications [23].

Diabetes mellitus (DM) has now become a global health issue to health care professionals
[8].Frequent prescription of antibiotics, including the ones with broad-spectrum, has result in
development of antibiotic-resistant urinary pathogens. Since patients with DM are more prone to
have resistant pathogens, they inevitably require longer and more potent antimicrobial treatment
[23]. Therefore, improved control of glycaemia, timely diagnosis, complete treatment and
screening for UTlIs in diabetic patients is critical to prevent progression to renal complications
and ultimately severe renal failure and other related complications.

2. MATERIALS AND METHODS
2.1 Study Area

The study area was conducted in Bauchi State, Nigeria. The study area for the collection
of samples include; Abubakar Tafawa Balewa University Teaching Hospital (ATBUTH), Bauchi
State, Bauchi state specialist hospital.

2.2 Sample Collection

Each patient was informed to collect approximately 20 ml of midstream urine into a crew
cap sterile calibrated urine container. Proper instructions and illustration were given to the
patients in order to avoid contamination. At the point of collection, samples were labeled with
name, sex and age of the patients. The samples were placed in an ice box and transported to the
laboratory for further analysis, but in cases of delay, the urine samples were refrigerated at 4°C to
avoid multiplication of bacteria [24].

2.3 Data Collection

A structured questionnaire and patient clinical sheet was used to sought for demographic
data and clinical details (clinical symptoms, previous antibiotic usage, risk factors/behaviours).
Verbal/informed consent was obtained from each patient to be enrolled in this study.

2.4 Inclusion/ Exclusion Criteria

The study will include diabetic and non-diabetic patients regardless with presence of UTI
symptoms. All other patients without these criteria are excluded.
2.5Sample Size Determination

Sample size determination is the act of choosing the number of observations or replicates
to include in a statistical sample. Sample size determination is the mathematical estimation of the
number of subjects/units to be included in a study.

The number of samples that was collected was determined using the formula of [25]. Prevalence
of p= 0.25(25%) [26], based on previous study.
Using the formula

n = (2)° p(1-p)
_d.Z_



Where;

n = Desired sample size

Z =1.96 (The standard normal deviate, corresponds to the 95% confidence level).
p = Prevalence of previous study or related (0.25)

d = Degree of accuracy (5%)

Therefore n = (1.96)% x 0.25(1-0.25)

(0 NE)2

\VroI)

n = (1.96)° x 0.25 x (0.75)
(805 —
n = 3.8416x0.1875
~0.0025
n=0.7203
0.0025

Sample size (n) =288.1

Approximately n=288
2.6 Blood Glucose Test

Plasma glucose (after an overnight fasting of eight‘or more hours) was determined using
the glucose meter Accu-Chek Active system (Roche Diabetes Care, Basel, Switzerland), this was
carried out within fractions for each participant. DM was diagnesed according to [27] criteria
with symptoms of diabetes plus fasting blood glucose level equal or more than 126 mg/dl.
2.7 Sample Processing
2.7.1 Inoculation and Isolation of Bacteria from Urine Sample

Samples was observed macroscopically for colour, blood tinge and turbidity. All the
urine samples were aseptically inoculated using a sterile wire loop, a loopful of well-mixed
uncentrifuged urine was aseptically inoculated unto Cysteine Lactose Electrolyte Deficient
(CLED) by streak method as described by [28,29,30]. The plates were incubated at 37°C for 18-
24 hours.
2.7.2 ldentification and Characterization of Isolates

The colonies were further identified based on colonial morphology and biochemical test
(Indole test, Methyl Red test, VVogues Proskauer test, Citrate Utilization test, coagulase and
catalase tests) as described by [28]. Colonies were observed for morphological features such as
size, shape, edge consistency, margin, colour, opacity and effect on media i.e. lactose or non-
lactose fermenters. In addition to these morphological features of the colonies, motility, Gram
staining reaction, and biochemical tests was used in identifying the isolates. The isolates were
maintained on Nutrient agar slants, until required for further use [29].
2.8 Antimicrobial susceptibility testing of the UPEC Isolates

The susceptibility pattern of the isolates to commonly used antimicrobial agents were
determined using as Kirby-Bauer disc diffusion techniques as described by [31]. A loopful of
growth of each isolate on agar medium will be suspended in sterile saline and then was diluted in
steps of 1:10 to give turbidity equivalent to the 0.5 McFarland standards (a density of 1x10°
cells/smL) before inoculation. Muller-Hinton agar medium was prepared according to
manufacturer’s instructions and was poured (about 25 ml of the media) into each of sterile petri-
plates, the plates was allowed to solidify. After the adjusting turbidity of the inoculum, a sterile
cotton swab stick was dipped into the suspension, pressed firmly against the inside wall of the
tube; the swab was streaked over the surface of the solidified Muller-Hinton agar plates 3 times




rotating the plate after each application to ensure an even distribution and allowed to stand at
room temperature for 10 minutes [32].

Antibiotic discs of known concentration of antibiotics were aseptically placed using
sterile forceps and then gently pressed down on the Muller- Hinton agar plates to ensure contact.
The plates were then inverted and incubated at 37°C for 24 hours. The diameter of the zone of
inhibition produced by each antibiotic disk was measured and interpreted according to Clinical
and Laboratory Standard Institute [33] guidelines.

2.9 Data Analysis

The data obtained was recorded in Microsoft excel and analyzed by using Chi-square statistical
analysis.

3. RESULT AND DISSCUSION
3.1Characteristics of Participants Based on Blood Sugar Level (FBS)

In this study, patients who had > 126 mg/dl of fasting blood sugar were considered as
positive for diabetes mellitus, while those with fasting blood sugar (FBS) < 126 mg/dl were
considered nondiabetics. As shown in table 1.

Table 1: Distribution of Study Participants Based on Blood Sugar Level (FBS)

Blood glucose level (mg/dL) No (%) of patients Percentage (%0)
Tested (n=288)

High 194 67.4
Normal 94 32.6

Key: high= > 126mg/dl, normal= < 126 mg/dl (WHO criteria for diabetic diagnosis), FBS-
Fasting Blood sugar.

The amount of glucose in the bloodstream is referred to as blood glucose or blood sugar.
Fasting blood glucose test.is a:simple test, accurate and inexpensive test that can screen for
diabetes [27]. Diabetics have an impaired immune system, making them more susceptible to
many illnesses, among these is urinary tract infection. Based on several researches, diabetic
patients are more_ likely to develop UTIs than non-diabetic patients. There are numerous reasons
that could explain the increased occurrence of UTI in diabetic individuals. Studies indicated that
high glucose levels in urine promote the formation of uropathogens [34]. Higher glucose levels
in renal parenchyma create a favorable environment for bacterial colonization, resulting in
complications including emphysematous pyelonephritis [35]. Increased glucose levels may
impair humoral, innate, and cellular immunity. Autonomic neuropathy can cause bladder
dysfunction, resulting in urine retention and stasis.

Poor metabolic regulation causes hyperglycemia, which can lead to a decreased renal
threshold for glucose reabsorption and glycosuria. Glycosuria provides a rich medium for
bacterial species to thrive in the presence of decreased immunity. According to [36], elevated
plasma glucose levels cause glucosuria, which promotes bacterial proliferation through an
increase in cell count, implying neutrophil dysfunction.



Several researchers used fasting blood sugar to screen their study participants from
diabetic mellitus. This follows the suites of [37] who conducted a research on pattern of
organism causing urinary tract infection in diabetic and Non diabetic patients in Bangladesh, [38]
who conducted their research on Clinical profile of urinary tract infections in diabetics and non-
diabetics, [39] who worked on prevalence of urinary tract infections and their antimicrobial
sensitivity among diabetic and non-diabetic patients in Zakho, Irag., [40] who conducted their
research in Irag also used fasting blood sugar to screen their study participants from diabetic
mellitus, also [41] who conducted their research on diabetic patients in port Harcourt, Nigeria.
All the above researchers used fasting blood sugar to screen their patients.

3.2 Sociodemographic Variables of UPEC infection Among Study Participants

In this study, the age range of 31-40 had the highest rate of E. coli infection in both the
study participants, 28.1% in diabetic and 25.7% in non-diabetic patients. In this study, the female
gender in both the study population has a high rate of occurrence compared with male
counterparts. In this study, married participants have higher rate of infection in both diabetic and
non-diabetic patients. While illiterate have high rate of infection in NDM patients than NDM
patients. And also, Urban dwellers have high rate of occurrence of UTI in both DM and NDM
patients than rural dwellers. As shown in table 2.

Table 2: Distribution of UPEC Isolates in Diabetic and Non-Diabetic Patients According to
Demographic Variables

Patients No of Samples No (%) of No (%) of
UPEC in DM UPEC in NDM

Details Collected Patients Patients

N=288 (n=64) (n=35) P-value
Age (years)
10-20 10 5(7.8) 2(5.7) 0.99
21-30 30 11(17.2) 7(20)
31-40 38 18(28.1) 9(25.7)
41-50 76 14(21.9) 8(22.9)
51-60 68 9(12.5) 6(17.1)
61-70 55 5(7.8) 3(8.6)
>71 11 2(3.1) 1(2.9)
Gender
Female 168 36(56.3) 20(57.1) 0.93
Male 120 28(43.8) 15(42.9)
Marital status
Single 14 10(15.6) 5(14.3) 0.62
Married 216 42(65.6) 20(57.1)
Divorce 28 8(12.5) 8(22.9)
Widow 30 4(6.3) 2(5,7)

Education



Literate 189 40(62.5) 19(54.3) 0.42

Iliterate 99 24(37.5) 16(45.7)

Residence

Rural 70 21(32.8) 11(31.4) 0.88
Urban 218 43(67.2) 24(68.6)

Key: UPEC= uropathogenic E. coli, DM= Diabetic Mellitus, NDM= Non-Diabetic Mellitus

The age distribution of patients with UPEC isolates was examined across different age
groups. Among patients aged 10-20 years, 7.8% of diabetic patients and 5.7% of non-diabetic
patients were infected with UPEC. In the 21-30 age group, the prevalence was.17.2% for
diabetics and 20% for non-diabetics. For the 31-40 age group, UPEC was found in 28.1% of
diabetic patients and 25.7% of non-diabetic patients. In the 41-50 age range, the prevalence was
21.9% in diabetics and 22.9% in non-diabetics. For patients aged 51-60, UPEC was observed in
12.5% of diabetic patients and 17.1% of non-diabetic patients. Among those aged 61-70, 7.8% of
diabetic patients and 8.6% of non-diabetic patients had UPEC isolates. For patients aged 71 and
above, UPEC was present in 3.1% of diabetic patients and 2.9% of non-diabetic patients. The
chi-square test for this variable resulted in p = 0.99, indicating no significant association between
age and UPEC prevalence.

The gender distribution showed that among female patients, 56.3% of diabetic patients
and 57.1% of non-diabetic patients were infected with UPEC. For male patients, 43.8% of
diabetics and 42.9% of non-diabetics had UPEC isolates. The chi-square test for gender resulted
in p = 0.93, suggesting no significant relationship between gender and UPEC prevalence.

The marital status of patients was categorized as single, married, divorced, or widowed.
Among single patients, UPEC was found in 15.6% of diabetic patients and 14.3% of non-
diabetic patients. In married patients, the prevalence was 65.6% in diabetics and 57.1% in non-
diabetics. For divorced patients, 12.5% of diabetics and 22.9% of non-diabetics had UPEC
isolates. Among widowed patients, UPEC was present in 6.3% of diabetic patients and 5.7% of
non-diabetic patients. The chi-square test for marital status resulted in p = 0.62, indicating no
significant association between/marital status and UPEC prevalence.

The residence of patients was classified as rural or urban. Among rural residents, UPEC
was found in.32.8% of diabetic patients and 31.4% of non-diabetic patients. For urban residents,
the prevalence was 67.2% in diabetics and 68.6% in non-diabetics. The chi-square test for
residence resulted in p = 0.88, indicating no significant association between residence and UPEC
prevalence. The education level of patients was divided into literate and illiterate categories.
Among literate patients, 62.5% of diabetic patients and 54.3% of non-diabetic patients were
infected with UPEC. For illiterate patients, the prevalence was 37.5% in diabetics and 45.7% in
non-diabetics. The chi-square test for education resulted in p = 0.42, showing no significant
relationship between education level and UPEC prevalence.

UTIs are more common and severe in patients with DM. they are also frequently caused
by resistant pathogens [42]. Urinary tract infection is the commonest bacterial infection with a
high rate of morbidity and financial cost. Uropathogenic E. coli (UPEC) is the commonest
etiological agent of UTI in diabetic and non-diabetic patients. UPEC associated UTIs among
diabetic and non-diabetic patients have been reported in previous studies [37,35,36]. The most



frequently isolated microorganism from urine sample of this study is E. coli. The risk of
developing urinary tract infection in diabetes is higher due to abnormalities in the host defense
and high glucose in urine, the occurrence and infection with UPEC have been increased in
diabetic patients because hyperglycemia suppress the level of immune system among this
category of people [43].

The age distribution of patients with UPEC isolates was examined across different age
groups. Among patients aged 10-20 years, 7.8% of diabetic patients and 5.7% of non-diabetic
patients were infected with UPEC. In the 21-30 age group, the prevalence was 17.2% for
diabetics and 20% for non-diabetics. For the 31-40 age group, UPEC was found in 28.1% of
diabetic patients and 25.7% of non-diabetic patients. In the 41-50 age range, the prevalence was
21.9% in diabetics and 22.9% in non-diabetics. For patients aged 51-60, UPEC was observed in
12.5% of diabetic patients and 17.1% of non-diabetic patients. Among those aged 61-70; 7.8% of
diabetic patients and 8.6% of non-diabetic patients had UPEC isolates. For patients aged 71 and
above, UPEC was present in 3.1% of diabetic patients and 2.9% of non-diabetic patients

In this study, the age range of 31-40 had the highest rate of E. coli infection in both the
study participants, 28.1% in diabetic and 25.7% in non-diabetic patients. This Is in agreement
with previous researches done by [39,41] who all reported the high rate of urinary tract infection
in this range: reported high-rate UTI in that age range. While this study is not in agreement with
the reports of [44], who conducted his research in Sudan reported high rate in the age range 44
and above, [45] reported age range of 40-49 have the highest.range of infection and also [46]
from Kebbi Nigeria who reported high rate of frequency in the age range of 61-65. High rate of
occurrence of UTI infection in this age range (31-40) may be attributed to the fact that people are
more sexually active at this age range, ‘and also difference might be due to the competent
immune system and high treatment-seeking behavior at-a young age [47].

The gender distribution showed that among female patients, 56.3% of diabetic patients
and 57.1% of non-diabetic patients were infected with UPEC. For male patients, 43.8% of
diabetics and 42.9% of non-diabetics had UPEC isolates.

In this study, the female gender in both the study population has a high rate of occurrence
compared with male counterparts. This could be attributed to the fact that the female gender
anatomical structure, short urethra, close proximity of the urethra to the anus, decreases of
normal vagina flora, in.generallifestyle habits of women are some of the predisposing factors
that can increase the.occurrence of UTI in females than males regardless of diabetic status
[48,43].The «esult is in disagreement with the reports of [46,45] who reported high rate of
infection in males than their female counterparts.

The marital status of patients was categorized as single, married, divorced, or widowed.
Among single patients, UPEC was found in 15.6% of diabetic patients and 14.3% of non-
diabetic patients..In married patients, the prevalence was 65.6% in diabetics and 57.1% in non-
diabetics. For divorce divorced patients, 12.5% of diabetics and 22.9% of non-diabetics had
UPEC isolates. Among widowed patients, UPEC was present in 6.3% of diabetic patients and
5.7% of non-diabetic patients

In this study, married participants have higher rate of infection in both diabetic and non-
diabetic patients. This may be attributed to the fact that they are sexually active at this status,
while the widows have the lowest rate of infection in both the study population. This is in
accordance with the report of [16].



The education level of patients was divided into literate and illiterate categories. Among
literate patients, 62.5% of diabetic patients and 54.3% of non-diabetic patients were infected with
UPEC. For illiterate patients, the prevalence was 37.5% in diabetics and 45.7% in non-diabetics.

Literate have high rate of infection in DM compared to NDM patients. While illiterate
have high rate of infection in NDM patients than NDM patients.

The residence of patients was classified as rural or urban. Among rural residents, UPEC
was found in 32.8% of diabetic patients and 31.4% of non-diabetic patients. For urban residents,
the prevalence was 67.2% in diabetics and 68.6% in non-diabetics. Urban dwellers have high
rate of occurrence of UTI in both DM and NDM patients than rural dwellers. This may be
attributed to the fact that the study was conducted in the city and most of thestudy participants
live in urban areas.

3.3 Clinical Profile of UPEC Infection Among Participants Investigated in the Study

In this study, the rate of occurrence of UPEC infection base on history of UT1 is higher in
first time encounter of UTI in both diabetic and non-diabetic patients. In this study, history of
antibiotic usage shows high rate in DM than NDM patients in‘those that did not use antibiotics,
while slightly higher in those that use antibiotics in NDM than DM patients. As shown in table 3.

Table 3: Distribution of UPEC Infection According toClinical VVariables of Patients

Clinical No of Samples  No (%) of No (%) of p
Variables Collected UPECin DM UPEC in
(n=288) (n=64) NDM (n=35)
History of UTI
Yes 84 10 (15.6) 9 (25.7) 0.22
No 204 54 (84.4) 26 (74.3)
History of
Antibiotic
Treatment 0.89
Yes 23 5(7.8) 3(8.6)
No 265 59 (92.2) 32 (91.4)
Types of
Diabetes
Type 1 92 16 (25) N.A -
Type 2 196 48 (75) N.A
Duration of
Diabetes
< 5 years 113 35 (54.7) N.A -
> 5 years 175 39 (60.9) N.A

Key: N.A = non-applicable, DM = Diabetic Mellitus

The history of urinary tract infections (UTI) was examined in relation to UPEC
prevalence. Among patients with a history of UTI, 15.6% of diabetic patients and 25.7% of non-



diabetic patients were infected with UPEC. For those without a history of UT], the prevalence
was 84.4% in diabetics and 74.3% in non-diabetics. The chi-square test for this variable resulted
in p = 0.22, indicating no significant association between UT]I history and UPEC prevalence.

In this study, DM patients with no previous history of UTI had higher rate of contracting
UTI compared with those who had previous history of UTI

In this study, the frequency of UTI was higher among duration of DM greater than 5
years compared to those patients of DM duration less than 5 years. This is in agreement with the
studies conducted by [21,44] from Sudan found high rate of infection present in >5 years of DM
duration. It is very well known that patients with longer duration of DM have increased
prevalence of diabetic chronic complications, which may lead to an increased presence of UTI
[42]. In many of these patients, autonomic neuropathy results in dysfunctional voiding and
urinary retention. [40]

The history of antibiotic treatment was also analyzed. Among patients with a history of
antibiotic treatment, 7.8% of diabetic patients and 8.6% of non-diabetic patients had UPEC
isolates. For those without such history, the prevalence was 92.2% in diabetics and 91.4% in
non-diabetics. The chi-square test for this variable resulted inp = 0.89, indicating no significant
association between antibiotic treatment history and UPEC prevalence:

Various studies have demonstrated that different.outhreak of urinary tract infection in
type 2 diabetic patients. Factors such as immune system disorders, weakening of white blood
cells, poor blood supply, bladder dysfunction due to nephropathy and glucosuria can cause
urinary tract infections in type 2 diabetic patients [5]. Dysuria is a complication of urinary tract
infection in diabetic patients due to organ damage and even death due to the complexity of
pyelonephritis. Also, these patients experience urinary retention, urgency, and incontinence
during the night due to increased urination to-excrete excess glucose. In this study, type 2 DM
patients have high rate of infection compared to typel DM patients, type 2 has a prevalence of
25% while type 1 has a prevalence 0f 25% in this study. This is similar to a study conducted by
[49] where high rate of infection was observed.in type 2 DM patients

3.4 Prevalence of UPEC isolates according to MDR pattern in diabetic and non-diabetic
patients

In this study, antibiotics of known concentration were used to screen UPEC isolates that
are resistant to antibiotics. Ampicillin and piperacillin-tazobactam have the highest rate of
resistance in-DMand NDM patients, while the resistance was observed in imipenem, ceftriaxone
and ceftazidime. While the other antibiotics have moderate rate of resistance to the isolates.
Table 4: Distribution of UPEC isolates according to MDR pattern in diabetic and non-
diabetic patients

Antibiotics(ug) No (%) of UPEC isolates and MDR pattern
n=64-for DM, n=35 for NDM
No (%) Resistant isolates in No (%) Resistant isolates in
Diabetic (n=52) non diabetic (n=27)
Ampicillin (10) 48(92.3) 22(81.5)

Amoxicillin-clavulanate (30) 39(75) 11(40.7)



Ceftriaxone (30) 16(30.8) 08(29.6)

Cefuroxime (30) 31(60.0) 16(59.3)
Ceftazidime (30) 17(32.7) 08(29.6)
Kanamycin (30) 42(80.8) 21(77.8)
Amikacin (30) 39(75) 20(74.1)
Gentamicin (10) 42(80.8) 19(70.4)
Streptomycin (10) 38(73.1) 18(66.7)
Ciprofloxacin (5) 27(51.9) 13(48:1)
Levofloxacin (5) 26(50) 11(40.7)
Nalidixic acid (30) 47(90.4) 21(77.8)
Ofloxacin (5) 28(53.8) 10(37.0)
Piperacillin tazobactam (100) 48(92.3) 22(81.5)
Imipenem (10) 10(19.2) 03(11.1)

Key DM- Diabetic mellitus, NDM- non diabetic mellitus, UPEC-Uropathogenic E.coli, MDR-
multidrug resistance.

The presence of multidrug resistance inthis study could be attributed to the dissemination
of antibiotic resistance among UPEC isolates. UPEC can be seen as one of the commonest
pathogens causing UTI in immunocompromised patients such as diabetics. In this study, high
rate of MDR was encountered in UPEC isolate of both DM and NDM patients. Ampicillin has
resistant rate of 92.3% and 81.5% in diabetic and non-diabetic patients respectively. This is in
agreement with studies of [50,43]. Other drugs that were resistance were piperacillin-tazobactam,
nalidixic acid.

Quinolone_and" fluoroquinolone resistance of UPEC isolates were correlated with
previous studies that resistance rate of diabetic UPEC to ciprofloxacin [50]. Resistance to
fluoroquinolone among diabetic urinary E. coli isolates were 89.5% and non-diabetic urinary E.
coli isolates were 50% have been reported. Common and overuse of quinolones and
fluoroquinolone worldwide in the treatment of UTIs led to increased resistance in UPEC. [2].

On the other hand, imipenem, ceftriaxone, ceftazidime was found to show least resistance
among the drugs.used. This is agreement with the reports of [51,35,43]. The isolates resistant to
three or.more classes of antibiotics were termed as MDR. Diabetes can be a factor associated
with MDRE. coli. in this study, high rates of MDR E. coli in both diabetic and non-diabetic
patients was observed as with the reports of [43,51]. The rapid development of resistance could
be attributed to the irrational use of antibiotics and practices of self-medication among the
general population thereby causing a problem in antibiotic therapy especially in developing
countries due to lack of awareness and lack of effective implementation of the policy that
regulates the use of antibiotics [52].

4. CONCLUSION



In conclusion, UPEC isolates were high in diabetic than non-diabetic patients. it could be
observed that most of the UPEC isolates from both the groups exhibited remarkable rate of
antibiotic resistance to commonly prescribed antibiotics for UTI irrespective of diabetic status.
The study revealed that a high rate of multidrug resistance from both the study participants, this
reaffirms for the need of proper diagnosis and drug administration in the treatment of urinary
tract infection especially in diabetic patients due to their immunological status.

CONSENT AND ETHICAL APPROVAL

Ethical approval was granted by; Abubakar Tafawa Balewa University Teaching
Hospital, Ministry of Health Bauchi State Government Ethical Steering Committee. More so,
written informed consent was obtained from all patients prior to specimen collection.

REFERENCES

1. Acharya D, Bogati B, Shrestha G, Gyawali P. Diabetes mellitus and Urinary Tract
Infection: Spectrum of Uropathogens and their Antibiotic Sensitivity. IMMIHS.
2015;1(4), 24-28. https://doi.org/10.3126/jmmihs.v114.11998.

2. Kot B. Virulence Factors and Innovative Strategies.for the Treatment and Control of
Uropathogenic Escherichia coli. In A. Samie (Ed.), Escherichia coli—Recent Advances
on Physiology, Pathogenesis and Biotechnological Applications. InTech. 2017. pp 24-36.
https://doi.org/10.5772/67778.

3. Vasudevan R. Urinary Tract Infection: An Overview of the Infection and the Associated
Risk Factors. J Microbiol Exp. 2014; 1(2). https://doi.org/10.15406/jmen.2014.01.00008

4. Kaur P, Karnwal AS, Devgon . “A Review on Clinical Manifestation and Treatment
Regimens of UTI in Diabetic Patients.” Iran J Med Microbiol. 2022; 16(2):98-115. doi:
10.30699/ijmm.16.2.98

5. Jagadeesan S, Tripathi BK, Patel P, Muthathal S. Urinary tract infection and diabetes
mellitus—Etio-clinical profile and antibiogram: A North Indian perspective. J Family
Med Prim.Care 2022; 11:1902-6.

6. Butt MD, Ong SC, Wahab MU, Rasool MF, Saleem F, Hashmi A, Sajjad A, Chaudhry
FA, Babar'ZUD. Cost of Illness Analysis of Type 2 Diabetes Mellitus: The Findings from
a Lower-Middle Income Country. Int. J. Environ. Res. Public Health 2022, 19, 12611.
https:// doi.org/10.3390/ijerph191912611

7. Goyal SR, Chand AE, NakuraHS. Prevalence of uropathogens among diabetic patients
and their antibiogram at government medical college, Kota. IPInt J MedMicrobiol Trop
Dis. 2021; 7(1), 24-27. https://doi.org/10.18231/}.ijmmtd.2021.006

8. Ahmad S, Hussain A, Khan MSA, Shakireen N, Ali I. Diabetes mellitus and urinary tract
infection: Causative uropathogens, their antibiotic susceptibility pattern and the effects of
glycemic status. Pak J Med Sci. 2020; 36(7). https://doi.org/10.12669/pjms.36.7.2881



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Nicolle LE. Epidemiology of urinary tract infection. Infectious medicine. 2001;18(3):153
—-162.

Unchu Y, Unchu G, Esmer A, Bilgel N. Should asymptomatic bacteriuria be screened in
pregnancy. Clin. Exp. Obstet. Gynecol. 2002;29(4):281-51.

Akram M, Shahid M, Khan, AU. Etiology and Antibiotic Resistance Pattern of
community- acquired urinary tract infections in JNMC Hospital Aligarh, India. AnnClin
Microbiol and Antimicrob. 2007; 6: 4-4.

Gupta K, Hootan TM, Naber KG, John AD. International Clinical Practice Guidelines for
the Treatment of Acute Uncomplicated Cystitis and Pyelonephritis in Women: A 2010
Update by the Infectious Disease Society of America and the European Society for
Microbiology and Infectious Diseases. Clin Infect Dis. 2011; 52:103-120.

Zubair KU, AbdulHaleem S, Asher F, Rubina S, Anum B. “Frequency of Urinary Tract
Infection and Antibiotic Sensitivity of Uropathogens in Patients with Diabetes:

Frequency of Urinary Tract Infection and Antibiotic Sensitivity.” Pak J Med Sci. 2019;
35(6). doi: 10.12669/pjms.35.6.115

Abu-Ashour W, Twells L, Valcour J, Randell A, DonnanJ, Howse P, Gamble JM. The
association between diabetes mellitus and incident infections:.a systematic review and
meta-analysis of observational studies. BMJ Open Diab Res Care. 2017; 5: 000336.
doi:10.1136/ bmjdrc-2016-000336

Kumar R, Kumar R, Perswani P, Taimur-M;.Shah A,. Shaukat, F. Clinical and
Microbiological Profile of Urinary Tract Infections in Diabetic versus Non-Diabetic
Individuals. Cureus. 2019. https://doi.org/10.7759/cureus.5464

Chito Clare E, Oluchi JA, Chioma MO, James RA, Evelyn AKO. Urinary Tract
Infections and Antimicrobial-Sensitivity Patterns of Uropathogens Isolated from Diabetic
and Non-diabetic Patients Attending Some Hospitals in Awka. AIMR. 2021; 9(3), 83-91.
https://doi.org/10.12691/ajmr=9-3-3

Alrwithey FA, Alahmadi AEA, Alshehri AMF, Abalhassan A, Alhamad FMS, Khedher
YZ, Mohammed A, Beig STM, Althubyani AA, Ghamdi RAA. Urinary Tract Infection in
Patients with Diabetes Mellitus. Egypt J Hosp Med. 2017; 69 (3),2133-2136

Tabasi M, Karam MRA, Habibi M, Mostafavi E, Bouzari S. Genotypic Characterization
of Virulence Factors in Escherichia coli Isolated from Patients with Acute Cystitis,
Pyelonephritis and Asymptomatic Bacteriuria. J Clin Diag Res. 2016 ;10(12): DCO01-
DCO07.doi: 10.7860/JCDR/2016/21379.90009.

Bartoletti R, Cai T, WagenlehnerFM, Naber K, Johansen TEB. Treatment of Urinary
Tract Infections and Antibiotic Stewardship. Eur Urol Suppl. 2016; 15(4), 81-87.
https://doi.org/10.1016/j.eursup.2016.04.003.

Zhu Y, Wei EH, Qiwen. “Clinical Perspective of Antimicrobial Resistance in Bacteria.”
Infection and Drug Resistance. 2022;15:735-46. doi: 10.2147/IDR.S345574

Nigussie D, and Amsalu A. Prevalence of uropathogen and their antibiotic resistance
pattern among diabetic patients. Turk J Urol. 2017; 43(1):85-92. Doi:
10.5152/tud.2016.86155.




22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Mogaka MV. Prevalence of urinary tract infections among type 2 diabetic patients in
Kisii Teaching and Referral Hospital, Kenya. JMed SciClin Res. 2020; 08(08).
https://doi.org/10.18535/jmscr/v8i8.01

Mwang’onde BJ, and Mchami JI. The aetiology and prevalence of urinary tract infections
in Sub-Saharan Africa: A Systematic Review. JHealth BiolSci. 2022; 10(1), 1.
https://doi.org/10.12662/2317-3076jhbs.v10i1.4501.p1-7.2022

Rushita BP, Mayur G, Pronam BC, Hiren P. Isolation and characterization of E. coli from
urine sample and their antibiogram pattern and effect of spice extracts and natural oils
against isolated E. coli. Int J Curr Adv Res. 2016; 5(4), pp 834 — 838.

Naing L, Winn T, Ruslil BN. Practical Issues in Calculating the Sample Size for
Prevalence Studies. ArchOrofac Sci. 2006; 1: 9-14.

Yakubu H. Muhammed B, Mukhtar MD, Kalgo ZM. Prevalence Of Extended-Spectrum
Beta Lactamase and Ampc Producing Enterobacteriaceae Among Diabetic Patients in
Bauchi State, Nigeria. Bayero J Pure App Sci. 2022; 13(1):546-553 ISSN 2006 — 6996.
http://dx.doi.org/10.4314/bajopas.v13il.82S.

World Health Organization. Classification of diabetes mellitus. World Health
Organization. 2019. https://apps.who.int/iris/handle/10665/325182

Cheesbrough M. District Laboratory <Practice in Tropical Countries 2ed Cambridge
University press, New York. 2006; Pp: 62-70.

Madigan TM, John MM, Paul VP, David PC. Biology of Microorganisms 12" ed.
Pearson International Edition 1301 Sasome Street, San Francisco. 2009; Pp. 902-911.
Signing AT, Marbou WJT, Beng VP, Kuete V. Antibiotic Resistance Profile of
Uropathogenic Bacteria in Diabetic Patients at the Bafoussam Regional Hospital, West
Cameroon Region. Cureus. 2020; 12(7): €9345. DOI 10.7759/cureus.9345.

Vineetha N, Vignesh RA, Sridhar D. Preparation, Standardization of Antibiotic Disc and
Study of Resistance Pattern for First -Line Antibiotics in Isolates from Clinical Samples.
Int JApp Res: 2015; 1(11): 624-631.

Tena D, Gonzalez PA, Saez-Nieto JA, Valdezate S, Bisquert J. Urinary tract infection
caused by capnophilic Escherichia coli. Emerg Infect Dis J. 2008; 10: 140-150.

CLSI. M100 Performance Standards for Antimicrobial Susceptibility Testing. 29"
edition. Wayne, U.S.A. 2019; Pp 33-38.

Wang M, Tseng C, Wu A, Lin W, Teng C, Yan J, Jiunn-Jong WJ. Bacterial
characteristics and glycemic control in diabetic patients with Escherichia coli urinary
tract infection. J Microbiol Immunolinfect. 2013;46, 24e29

Ramrakhia S, Raja K, Dev K, Kumar A, Kumar V, Kumar, B. Comparison of Incidence
of Urinary Tract Infection in Diabetic vs Non-Diabetic and Associated Pathogens.
Cureus. 2020. https://doi.org/10.7759/cureus.10500

Taher J, Rashed STM, Shwekh FT, Mareedh TK, Ghazi HF. Bacterial Causes of Urinary
Tract Infection among Diabetic and Non-Diabetic Patients in Al-Kut City, Irag. Borneo
Epidemiol J. 2021; 2(1). https://doi.org/10.51200/bej.v2i1.3242



37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Saber MH, Barai L, Haq JA, Alam JMS, Begum J. The Pattern of Organism Causing
Urinary Tract Infection in Diabetic and Non Diabetic Patients in Bangladesh. Bangladesh
JMed Microbiol. 2010; 4(1), 6-8. https://doi.org/10.3329/bjmm.v4i1.8461

Srinivas A, Chandrashekar UK, Shivashankara KN, Pruthvi BC. Clinical profile of
urinary tract infections in diabetics and non-diabetics. Aust Med J. 2014; 7(1), 29-34.
https://doi.org/10.4066/AMJ.2014.1906

Jameel AY, and Artoshi DME. Prevalence of Urinary Tract Infections and Their
Antimicrobial Sensitivity Among Diabetic and Non Diabetic Patients in.Zakho. Sci
JUniZakho. 2019; 7(4), 125-131. https://doi.org/10.25271/sju0z.2019.7.4.629

Al Qurabiy HE, Abbas IM, Hammadi ATA, Mohsen FK, Salman RI, Dilfy.SH, Saja H.
Urinary tract infection in patients with diabetes mellitus and.the role of parental genetics
in the emergence of the disease. JMedL.ife. 2022; 15(8), 955-962.
https://doi.org/10.25122/jml-2021-0331

Hanson AH, Akani NP, Williams JO, Sampson T. Bacteriuria Among Diabetic and Non-
diabetic Patients in some Hospitals in Rivers State, Nigeria. Nig JMicrobiol. 2023; 37(1):
6432 - 6441

Bagir GS, Haydardedeoglu FE, Colakoglu, S, Bakiner ©S, Ozsahin AK, Ertorer ME.
Urinary tract infection in diabetes: Susceptible organisms and antibiogram patterns in an
outpatient clinic of a tertiary health.care center. Med Sci. 2019;8(4):881-6.

Surendran A, Suganthi P, Sudhal.akshmi SY. Prevalence of f-lactamase enzyme
producing uropathogenic E.coli isolates amongst diabetic and non-diabetic patients.
Preprints. 2024. https://doi.org/10.22541/au.171308242.27630569/v1

Abdelgader LMA, Omer SS, Mahjaf GM, Altaher, TAA, Hamad MNM. Determination
of Bacteriological Profile of Antimicrobial Susceptibility Testing among Diabetic
Patients with Urinary Tract Infections in Shendi, Sudan. SAR JPathMicrobiol. 2023;
4(03), 24-29. https://doi.org/10.36346/sarjpm.2023.v04i03.001

Rajendran J, Ramya S, /Anandhalakshmi S, Kanungo R. Clinical profile, predisposing
risk factors for urinary tract infections and its outcome in diabetics and nondiabetics: The
significant.variants. JCurr ResSciMed. 2023; 9(1), 67.
https://doi.org/10.4103/jcrsm.jcrsm_57_22

Almustapha AA., Yari HA, Ibrahim AB, Manga SS, Tomo FA, Muhammad A,
Muhammad MS. Escherichia coli dominance and antimicrobial resistance in urinary tract
infections among diabetic patients: Insights from Birnin Kebbi Metropolis, Nigeria. Acta
Pharm Indo. 2023; 11(1), 6231. https://doi.org/10.20884/1.api.2023.11.1.6231

Sharifi Y, Hassan A, Ghotaslon R, Naglili B, Aghazdeh M, Milani M, Bazmany A.
virulence and Antimicrobial Resistance in Enterococci Isolated from Urinary tract
infections. Advanced pharmaceutical Bulletin. 2013; 3: 197-201.

Okwume CC, Onyemelukwe NF, Abdullahi IN, Okoyeocha OE, Asamota, SD.
Prevalence of symptomatic urinary tract infection and bacterial spectrum of diabetic and



49.

50.

51.

52.

non-diabetic patients at the two teaching hospitals in Enugu, Nigeria. AfJClin ExpMicro.
2021; 22(4), 480-488. https://doi.org/10.4314/ajcem.v22i4.8

Nabi T. Clinical characteristics and complications of symptomatic bacteriuria in patients
with Type 2 diabetes. IntJAcadMed. 2021; 7(4),
212.https://doi.org/10.4103/IJAM.IJAM_153 20

Raya S, Belbase A, Dhakal L, Govinda PK, Baidya R, Kishor BN. In-Vitro Biofilm
Formation and Antimicrobial Resistance of Escherichia coli in Diabetic and Nondiabetic
Patients. BioMed Res Int. 2019, 1-8. https://doi.org/10.1155/2019/1474578

Maharjan N, Thapa N, Maharjan M, Sharma VK, Shrestha P, Paudyal R. Pattern of
Bacteria Causing Urinary Tract Infection and Their Antibiotic Susceptibility Profile In
Diabetic And Non-Diabetic Patients In Lalitpur, Nepal- A Hospital Based Study. Int J
Inno Sci Res. 2018; 7(8), 1248-1253.

Gutema G, Hakonsen H, Engidawork E, Toverud EL. Multiple challenges of antibiotic
use in a large hospital in Ethiopia — a ward-specific study showing high rates of hospital-
acquired infections and ineffective prophylaxis. BMC Health Serv Res. 2018; 18(1), 326.
https://doi.org/10.1186/s12913-018-3107-9



