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Abstract
Humans frequently contract urinary tract infections (UTIs), which can be brought on by uropathogens (UPs) that are multi-
drug resistant. Treatment for UTIs brought on by pathogenic UPs that produce extended-spectrum lactamases (ESBLs) is 
more costly and potentially fatal. As a result, the objective of this study was to use culture, biochemical, and 16S rRNA 
sequencing to identify and characterize UPs isolated from outpatients in Noakhali, Bangladesh, who had symptoms of UTIs. 
ESBL gene identification and quinolone resistance gene typing were then performed on the isolates using polymerase chain 
reaction (PCR). Throughout the trial’s 8-month duration, 152 (76%) of 200 urine samples were positive for the presence 
of UPs. The overall number of UPs recovered was 210, with 39 individuals having multiple UPs present in their samples. 
Among all of the isolates, Escherichia coli (45.24%, 95/210; 95% confidence interval (CI): 35.15–57.60%), Enterobacter spp. 
(24.76%, 52/210; CI: 19.15–35.77%), Klebsiella spp. (20.95%; 44/210; CI: 15.15–30.20%), and Providencia spp. (9.05%; 
19/210; CI: 4.95–19.25%) were the four most prevalent bacteria found in the isolates. The UPs displayed a very high level 
of resistance to piperacillin 96.92% (126/130), ampicillin 90% (117/130), nalidixic acid 77.69% (101/130), cefazolin 70% 
(91/130), amoxicillin 50% (55/130), cefazolin 42.31% (55/130), nitrofurantoin 43.08% (56/130), and ciprofloxacin 33.08% 
(43/130), whereas resistance to netilmicin (3.85%), amikacin (4.62%), and imipenem (9.23%) was low. Individually, every 
species of E. coli and Providencia spp. showed greater ampicillin, amikacin, cefazolin, cefazolin, and nalidixic acid resist-
ance than the others. The bivariate results indicate several antibiotic pairings, and isolates had meaningful associations. All 
MDR isolates were subjected to PCR, which revealed that blaCTX-M-15 genes predominated among the isolates, followed by 
the blaTEM class (37%). Isolates also had the qnrS, aac-6´-Ib-cr, and gyrA genes. The findings provide worrying indications 
of a major expansion of MDR isolates in the study locations, particularly the epidemiological balCTX-M 15, with the potential 
for the transmission of multi-drug-resistant UP strains in the population.
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Introductions

Every year, 150 to 250 million individuals worldwide are 
affected by urinary tract infections (UTIs), one of the recog-
nized bacterial illnesses [1]. Age and gender have different 
impacts on the severity of UTIs. Due to the difference in 

their anatomy from men’s, it is more prevalent in the female 
population [2]. With their detrimental effects on health, UTI 
raises some serious issues. Dysuria, frequency, urgency, 
suprapubic pain, costovertebral soreness, chills, and fever 
are typical symptoms [3, 4]. Around 75% of UTI infections 
are caused by UPs Escherichia coli (UPEC), making it the 
most common bacteria. Other species that may cause the ill-
ness include Klebsiella pneumoniae, Proteus, Acinetobacter, 
Staphylococcus spp., group B Streptococcus (GBS), Citro-
bacter spp., Enterobacter aerogenes, Salmonella spp., and 
Pseudomonas aeruginosa [5–7].

Additionally, contamination jointly by many bacterial 
populations would result in more severe circumstances than 
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the others [8, 9]. Antibiotic administration is the traditional 
strategy for treating UTIs [9]. Due to increased antibiotic 
resistance, many UPs cannot be treated today [10]. An error 
rate of more than 30% may occur when a diagnosis is made 
based on clinical symptoms rather than laboratory tests [11]. 
However, many underdeveloped nations do so to cut costs 
and increase antimicrobial resistance [8]. Antibiotic misuse 
and self-medication worsened the situation, especially in the 
case of UP treatment [12]. Up to 60% of the antimicrobial 
medications administered in American ICUs are nonsensi-
cal, inappropriate, or subpar [13]. In the UK, 69% of all 
prescriptions were for antibiotics, and more than 20% of 
them were judged unsuitable [11].

Moreover, Asia, Africa, the Middle East, and Europe 
continue to face an increasing issue with multi-drug-resist-
ant bacteria [14–16]. Bangladesh has a high prevalence of 
UTI illnesses and is struggling with the serious issue of 
antibiotic resistance UPs. According to a recent UK sur-
vey, antibiotic prescriptions in primary care are declining; 
however, this is not the situation in Bangladesh [17]. DNA 
from both chromosomal and plasmid sources is crucial in 
developing antibiotic resistance. ESBL-producing bacteria 
are increasingly more prevalent among clinical isolates, as 
it has been observed. Producing lactamase makes microor-
ganisms resistant to lactam antibiotics, particularly Gram-
negative bacteria. These plasmid-borne enzymes confer 
MDR, making it harder to treat these infections [18, 19]. 
Extended-spectrum lactamase (ESBL)–producing microbes 
have become more prevalent recently, limiting the range of 
available treatments. Due to the synthesis of several beta-
lactamases, including CTX-M, TEM, and SHV, which are 
encoded by genes for blaCTX-M, blaTEM, and blaSHV, respec-
tively, they become resistant to third-generation cephalo-
sporins, aminoglycosides, and fluoroquinolones [20, 21]. 
The medicine of choice for resistant strains is now carbap-
enem due to the rise of 3rd generation antibiotic resistance. 
But during the past 20 years, rising carbapenem usage 
revealed increased carbapenem resistance [22]. Moreover, 
the development of resistance against one antibiotic may 
also influence the outcome of another antibiotic resistance 
[17]. Healthcare authorizations will run out of treatment 
alternatives, increasing hospitalization if this pattern of 
antibiotic overuse persists [15]. When administering anti-
biotics, healthcare providers should exercise deliberate 
decision-making. In light of the localized way of antibiotic 
resistance, they ought to recommend antibiotics [13]. We 
require a ton of data regarding the resistance pattern to do 
this. The antibiotic susceptibility data of UPs are distributed 
differently from time to time and location to location. Regu-
lar monitoring in a specific location is required due to ris-
ing antibiotic resistance in UTIs. The current study aims to 
identify probable MDR UPs in both culture-dependent and 

independent ways, followed by quantifying the frequency 
of UTIs among outpatients in Noakhali, Bangladesh, and 
identifying the genes responsible for medication resistance.

Materials and methods

Study sites, patient selection, sampling, 
and processing of urine samples

All urine samples were taken between June 2021 and Janu-
ary 2022 at several neighborhood hospitals in Maijdhee 
(22.87091° N, 91.0938° E), Noakhali, Bangladesh (Fig. 1; 
Supplementary Fig. 1, obtained from the Google Map). All 
patients who visited the indoor and outdoor departments of 
the several community hospitals in Maijdhee, Noakhali, for 
a confirmed diagnosis of UTI were taken into consideration 
for the study. Patients with UTI symptoms and signs who 
had received a clinical diagnosis of a UTI from nearby phy-
sicians and who voluntarily consented to participate, signed 
a permission form, and consented to submit a midstream 
specimen of urine (MSU) were evaluated for inclusion. So, 
after obtaining consent, the sampling process was described 
and each participant was given a sterile urine collection cup 
(BD, Woodmead, South Africa). Sedation, cremation, or ani-
mal sacrifice was not employed in this experiment. Two hun-
dred fresh urine samples were obtained from the study loca-
tions (approximately 20–30 ml). The samples were collected 
with the method previously mentioned [23]. After collection, 
samples were immediately maintained at 4 °C and shipped 
on ice to the department of microbiology’s laboratory at 
NSTU for examination within 8 h. The total heterotrophic 
count was performed by serially diluting samples in normal 
saline (up to a dilution factor of  103), then plating 100 µl of 
each dilution on nutrient agar medium. The plates were then 
incubated at 37 °C for one night.

Culture‑dependent identifications of the UPs

For the potential detection of Enterobacteriaceae, midstream 
specimen of urine (MSU) was inoculated onto Nutrient Agar 
(NA) (Oxoid™, Thermo Scientific, UK), MacConkey Agar 
(MAC) (Oxoid™, Thermo Scientific, UK), and Eosin Meth-
ylene Blue (EMB) agar (Oxoid™, Thermo Scientific, UK). 
The presence of two different colony types in equal numbers 
was viewed as a possible co-infection, whereas the growth 
of  105 colony forming units (CFU)/ml of colonies with com-
parable shape was considered positive for UTIs [24]. Pure 
colonies were obtained by choosing morphologically differ-
ent colonies from each plate and streaking them further on 
EMB and MAC plates. Single colonies were again selected 
and subcultured on NA plates. All plates were incubated 
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at 37 °C for 18 h. These microorganisms were identified 
based on their colony morphology, and Gram-staining [25]. 
Gram-positive bacteria were further confirmed based on 
their biochemical characteristics in triple sugar iron, indole, 
methyl-red, Voges-Proskauer, citrate, catalase, and oxidase 
tests. The 16S rRNA gene sequencing method was used for 
further culture-independent (not based on cultivation to 
study microorganisms in a specific ecosystem) identifica-
tion of the selected UPs.

Detection of multi‑drug resistant profile of UPs

Seventy identified bacterial populations were examined for 
the purpose of detecting the multi-drug resistance (MDR) 
impact. The in  vitro antibiogram profile of UP isolates 
was determined using the disk diffusion method following 
the Clinical Laboratory Standards Institute (CLSI) 2022 
guidelines. Using the traditional disk diffusion approach, 
the isolated bacteria’s pattern of antibiotic resistance to 
commonly used antimicrobial medicines was identified. 

We employed 16 wide spectrum conventional antibiotics, 
including AMP = Ampicillin (10  µg), AX = Amoxicillin 
(10  µg), CFM = Cefepime (30  µg), CTX = Cefotaxime 
(30  µg), CAZ = Cefazolin (30  µg), CTR = Ceftazidime 
(30  µg), CZ = Cefazolin (30  µg), CIP = Ciprofloxacin 
(30 µg), LE = Levofloxacin (5 µg), AK = Amikacin (30 µg), 
NET = Netilmicin (30  µg), PC = Piperacillin (100  µg), 
F = Nitrofurantoin (300 µg), NA = Nalidixic Acid (30 µg), 
IPM = Imipenem (10 µg), and TE = Tetracycline (30 µg).The 
antibiotic disks were then placed on the surface of the seeded 
plates using sterile forceps in the proper spatial arrangement 
after each isolate was scattered across the surface of 
Mueller–Hinton plates that had been manufactured. After 24 h 
of infection at 37 °C, the distinct zone of inhibition was visible 
on the plates. After incubation, the zones of total inhibition 
were assessed. The sensitivity patterns were established using 
a calibrated ruler and then assessed using typical Clinical 
Laboratory Standards Institute (CLSI) standards [26] with 
slight modifications where E. coli DH5α ATCC 53868 was 
used as a quality control strain of antibiotics [16].

Fig. 1  UPs investigations of UTI infections in Bangladesh are shown 
graphically. Studies characterize UPs AMR properties in UTI sam-
ples from sick people by using both phenotypic (selected culture 
and biochemical testing) and molecular methods (16S rRNA gene 

sequencing, marker-specific PCR). The majority of UTI cases in 
Bangladesh are caused by phylogenetically related, highly infectious, 
multi-drug-resistant (MDR) UP strains
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Molecular identification of the UPs 
and phylogenetic analyses

According to [27, 28], bacterial DNA was extracted from 
biochemically characterized UP isolates and the 16S rRNA 
gene was sequenced. The genomic DNA of the isolates was 
first extracted using the boiling method [29]. Using the 
universal primers 27F (5′-AGA GTT TGA TCC TGG CTC 
AG-3′) and 1492R (5′-CTA CGG CTA CCT TGT TAC GA-3′), 
the 16S rRNA genes of representative randomly chosen 
isolates were amplified by PCR and sequenced [30]. Agarose 
gel electrophoresis (1.2% wt/vol) was used to validate 
the presence of PCR products. To see the DNA, 0.5 g/
ml ethidium bromide was utilized. To assemble forward 
and reverse sequences, the SeqMan Genome Assembler 
[31] was used. The forward and reverse sequences were 
then compared to the partial 16S rRNA sequences in the 
GenBank database of the National Center for Biotechnology 
Information (NCBI) using the Basic Local Alignment 
Search Tool (BLAST). Molecular Evolutionary Genetics 
Analysis (MEGA) version 7.0 was used to align the 16S 
rRNA sequences (Sanger sequencing), which had been 
amplified from each unique bacterial isolate, with each other 
and with pertinent reference sequences retrieved from the 
NCBI database [32]. The phylogenetic tree was constructed 
using the maximum-likelihood method, and the evolutionary 
distances were calculated using the Kimura-Nei method 
(Kimura MA, 1980).

Molecular characterization of antibiotics resistance 
genes

PCR was used to find patterns in the resistance genes. Using 
particular primers, PCR amplification was used to detect 
class A β-lactamase genes (blaTEM, blaCTX-M-15, blaSIM-1), 
carbapenemase genes (blaSIM-1, blaIMP-4), aminoglycoside 
and ciprofloxacin resistance genes (aac-6'-Ib-cr), and 
plasmid-mediated quinolone resistance genes (gyrA, qnrS). 
The same primers were utilized, and Supplementary table 1 
[33–37] displays the anticipated PCR product lengths. 
Using a Bio-Rad ChemiDoc™ Imaging System, amplicons 
were separated using electrophoresis in 1.5% agarose gel 
[28].

Statistical analysis

All the data was entered into an Excel sheet and uploaded 
onto the SPSS software (version 23.0 IBM, Armonk, NY). 
Multidrug-resistant (MDR) UP prevalence was calculated 
and reported as a percentage.

Data avail ability statement

All data are provided within the text, tables, and figures. 
The sequences of 15 bacterial 16S rRNA genomes were 
submitted to the NCBI database under the identifiers. The 
raw reads were submitted to the NCBI accession numbers 
OP514787–OP514801.

Results

Prevalence of concerning UPs in urine samples

In urine samples, the prevalence of positive sample sources 
was 152 (76%) (p = 0.007). At first, a total heterotrophic 
plate count was performed to provide a snapshot of the 
overall bacterial population in samples. The heterotrophic 
plate count showed that the patient samples contained 
anything from 1.211 ×  106 CFU/ml to 2.68 ×  107 CFU/ml 
of viable bacteria. Finally, 210 UP isolates covering E. 
coli, Enterobacter spp., Klebsiella spp., and Providencia 
spp. were obtained from these 152 patient urine samples 
through cultural assay and finally confirmed by Gram-
staining and biochemical assays. Out of 152 samples, 73 
(48.03%) were confirmed to be positive for E. coli which 
was significantly higher (chi-square test, 95% CI, p = 0.008) 
compared to Enterobacter spp. 20 (13.16%), Klebsiella spp. 
14 (9.21%), and Providencia spp. 13 (8.55%). Interestingly, 
in 39/152 (25.66%) (p = 0.004), samples harbored mixed 
UPs, in which 20 (13.16%) (p = 0.002) samples contained 
a combination of three UP strains (e.g., E. coli, Klebsiella 
spp., and Providencia spp.) where 19 (12.5%) (p = 0.001) 
samples contain a combination of two UP strains (e.g., E. 
coli, Klebsiella spp.). Under standard growth conditions, 
bacteria were identified as follows: E. coli (95/210; 45.24%; 
95% confidence interval (CI): 35.15–57.60%), Enterobacter 
spp. (52/210; 24.76%; 95% confidence interval (CI): 

Table 1  Occurrence of E. coli, Enterobacter spp., Klebsiella spp., and 
Providencia spp. in urine samples

A p-value of 0.05 was considered statistically significant in this case
CI confidence interval

Name of organisms 
(n = 103)

Positive isolates (%) 95% CI (%) p-value

Providencia spp. 19 (12.62%) 4.95–19.25 0.03
E. coli 95 (12.62%) 35.15–57.60 0.05
Enterobacter spp. 52 (11.65%) 19.15–35.77 0.04
Klebsiella spp. 44 (63.11%) 15.15–30.20 0.001



807Brazilian Journal of Microbiology (2023) 54:803–815 

1 3

19.15–35.77%), Klebsiella spp. (44/210; 20.95%; 95% 
confidence interval (CI): 15.15–30.20%), and Providencia 
spp. (19/210; 9.05%; 95% confidence interval (CI): 
4.95–19.25%) from urine samples (Table 1). 

UP identification by different biochemical tests

The indole test yielded positive results for Providencia spp. 
but negative results for Enterobacter. The gelatin hydrolysis 
and  H2S test was the additional identification test that was 
carried out particularly for Providencia spp. Both responses 
were shown to be adverse. The indole test was found to be 
positive for every E. coli isolate, but the citrate and urease 
tests yielded negative results. The urease test yielded 
positive results for Klebsiella spp.

Molecular identification and phylogenetic analysis 
of UP strains

With the use of 16S rRNA sequencing, potential UP strains 
were discovered at random. The PCR amplification of 16S 
rRNA gene was done for 15 randomly UP isolates to detect 
the species of UPs. In this study, the PCR product appeared 
as a single-band DNA with a size equal to 1500 bp fragment 
corresponding to the 16S rRNA amplicon (Fig. 2). After 
being blasted, the 16S rRNA sequences were eventually sub-
mitted in GenBank with accession numbers (https:// www. 
ncbi. nlm. nih. gov/ genba nk/). Additionally, figure depicts the 
phylogenic tree of probable UP strains based on 16S rRNA 
gene sequences in comparison to isolates and type strains. 
The 16S DNA sequences from the GenBank database and 
the sequences from the UP strains under study were aligned. 
Klebsiella pneumoniae, Enterobacter asburiae, Enterobac-
ter cloacae, Escherichia coli, and Providencia stuartii were 
among the 15 UP isolates that were discovered. As can be 
shown, Providencia spp. isolate ASB5 has a 16S rRNA 
sequence that is most closely related to Providencia stuartii 

(97%) that was previously isolated from the patient's urine 
samples in China and the USA. Furthermore, Klebsiella 
isolates ASB160 and ASB22 from patient blood and stool 
samples in Tanzania and China are most closely related to 
Klebsiella pneumoniae (98%) than any other isolates. Addi-
tionally, the Enterobacter isolates ASB110 and ASB113 are 
most closely related to the previously isolated Enterobac-
ter asburiae (99%) and Enterobacter cloacae (96%), which 
were both mostly recovered from water samples. In this 
tree, two groups of Escherichia coli subspecies strains were 
identified. In the first isolate cluster, ASBX16, ASB2, and 
ASBY05 had a 95–99% similarity to recovered Escherichia 
coli from non-human sources. While this is happening, sec-
ond cluster isolates ASB102, ASB115, ASB137c, ASB63, 
ASBU20, and ASBU9 show a high degree of similarity to 
human urine-isolated E. coli (99%) (Fig. 3).

Antimicrobial susceptibility profile

The antimicrobial treatment response of each of the iso-
lates of E. coli, Enterobacter spp., Klebsiella spp., and 
Providencia spp. was examined as indicated in (Table 2). 
Antibiotic resistances in E. coli isolates were detectable 
for each of the 16 tested antibiotics. 100%, 100%, 90.91%, 
84.09%, 72.72%, 68.18%, 59.09%, 59.09%, 50%, 45.45%, 
45.45%, 40.91%, and 31.82% of all isolated E. coli from 
urine were resistant to TE, PC, AMP, CZ, NA, AX, CFM, 
CTR, CTX, CAZ, LE, F, and CIP respectively (Fig. 4; 
Table 2). UTI E. coli isolates had lower resistance in AK, 
IPM, and NET (Table 2). Bivariate analysis showed high 
positive associations between NA and AX (p = 0.035), LE 
and CAZ (p = 0.006), CTR and AX (p = 0.001), CTR and 
CAZ (p = 0.044), and NA and AMP (p = 0.008) resistance 
profiles (Fig. 5). In a similar fashion, Klebsiella spp. iso-
lated from UTI samples were found to be inhibited at the 
same level by AX, CZ, LE, and F (50%) (Fig. 4; Table 2). 
To make matters worse, Klebsiella spp. showed substantial 

Fig. 2  Following the ampli-
fication of 16S rRNA, PCR 
products were run on an agarose 
gel; lane 1 represents a 1-kb 
marker (PROMEGA, USA), 
lane 3 represents a positive con-
trol, lane 2 represents a negative 
control, and lanes 4, 5,6, 7, 8, 9, 
and 10 represent the positive UP 
strains ASB22, ASB10, ASB20, 
ASB11, ASB115, ASB37, and 
ASB2 at 1500 bp. Red box indi-
cating the position of gene

https://www.ncbi.nlm.nih.gov/genbank/
https://www.ncbi.nlm.nih.gov/genbank/
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Fig. 3  Based on the nucleotide sequences of the truncated 16S 
rRNA gene, phylogenetic inference of the UPs (blue mark). A vari-
ety of microorganisms were represented by the selection of bacte-
rial reference sequences. As percentages, 40% bootstrap values 
(n = 1000 replicates) are given. The scale bar displays the number 
of modifications per nucleotide site. Staphylococcus aureus served 
as the out-group. The accession numbers, sources, and isolated 
countries are indicated after each sequence. Clusters contained 

closely linked genomic sequences with a low branch deviation (cut 
of 0.0005). In the UPB from Noakhali, Bangladesh, 16S rRNA 
sequences are split into five clades designated as group I to group 
V. Here, fuchsia, blue, green, and red colors indicate the various 
group represented by Klebsiella spp., Enterobacter spp., E. coli, 
Providencia spp. respectively. The best-fitting substitution model 
(Kimura 2-parameter distance) was used to construct the tree using 
the MEGA 7 program
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increases in antibiotic resistance in response to all (AMP 
100%, TE 100%, NA 83.33%, and CIP 62.5%) except 
for CTX (16.67%) and CAZ (33.33%) of the antibiotics 
assayed (Fig. 4; Table 2). Most interestingly, antibiotics 
namely CFM, CTR, AK, and NET are still very effective 
drugs in the case of UTI Klebsiella spp. Bivariate analysis 
revealed a strong positive significant association between 
F and AX (p = 0.004), CZ and AX (p = 0.008), LE and AX 
(p = 0.033), CZ and CAZ (p = 0.002), F and CZ (p = 0.047), 
LE and CZ (p = 0.0053), F and CIP (p = 0.081), F and LE 
(p = 0.013), LE and CIP (p = 0.002), and CAZ and CTX 
(p = 0.022) (Fig. 5; Supplementary table 2). We also looked 
for moderately significant correlations (both positive and 

negative) between a number of antibiotic combinations 
and their ability to kill Klebsiella spp. (Fig. 5). Isolates 
of Providencia spp. from urinary tract infections showed 
variable (between 53 and 91%) resistance to AMP, TE, CZ, 
PC, NA, and CAZ (Table 2). CTX and AX (p = 0.003), 
CAZ and AX (p = 0.025), IPM and CFM (p = 0.017), CIP 
and CTR (p = 0.008), TE and PC (p = 0.001), LE and CIP 
(p = 0.005), and AK and NET (p = 0.004) all showed high 
to moderately significant positive relationships (Fig. 5; 
Supplementary table  2). Additionally, strong negative 
connections were also seen (Fig. 5). Resistance rates to 
TE, AMP, NA, PC, and CZ were 100% (30/30), 83.33% 
(25/30), 93.33% (28/30), 80% (22/30), 66.67% (20/22), and 

Table 2  Antibiogram pattern of 
isolated microorganisms from 
patient’s urine samples

n isolate numbers, R resistant, S sensitive, AMP Ampicillin, AX Amoxicillin, CFM Cefepime, CTX 
Cefotaxime, CAZ Cefazolin, CTR  Ceftazidime, CZ Cefazolin, CIP Ciprofloxacin, LE Levofloxacin, AK 
Amikacin, NET Netilmicin, PC Piperacillin, F Nitrofurantoin, NA Nalidixic Acid, IPM Imipenem, TE 
Tetracycline

Antibiotics Sensitivity 
patterns

E. coli (n = 44) (%) Klebsiella spp. 
(n = 24) (%)

Enterobacter spp. 
(n = 30) (%)

Providencia 
spp. (n = 32) (%)

AMP R
S

40 (90.91)
4 (9.09)

24 (100)
0 (0.00)

25 (83.33)
5 (16.67)

28 (87.5)
4 (12.5)

AX R
S

30 (68.18)
14 (31.82)

12 (50)
12 (50)

10 (33.33)
20 (66.67)

13 (40.63)
19 (59.38)

CFM R
S

26 (59.09)
18 (40.91)

0 (0.00)
24 (100)

9 (30)
21 (70)

2 (6.25)
30 (93.75)

CTX R
S

22 (50)
22 (50)

4 (16.67)
20 (83.33)

9 (30)
21 (70)

14 (43.75)
18 (56.25)

CAZ R
S

20 (45.45)
24 (54.55)

8 (33.33)
16 (66.67)

10 (33.33)
20 (66.67)

17 (53.13)
15 (46.88)

CTR R
S

26 (59.09)
18 (40.91)

0 (0.00)
24 (100)

12 (40)
18 (60)

5 (15.63)
27 (84.38)

CZ R
S

37 (84.09)
7 (15.91)

12 (50)
12 (50)

20 (66.67)
10 (33.33)

22 (68.75)
10 (31.25)

CIP R
S

14 (31.82)
30 (68.18)

15 (62.5)
9 (37.5)

8 (26.67)
22 (73.33)

6 (18.75)
26 (81.25)

LE R
S

20 (45.45)
24 (54.55)

12 (50)
12 (50)

14 (46.67)
16 (53.33)

7 (21.88)
25 (78.13)

AK R
S

0 (0.00)
44 (100)

0 (0.00)
24 (100)

3 (10)
27 (90)

3 (9.38)
29 (90.63)

NET R
S

4 (9.09)
40 (90.91)

0 (0.00)
24 (100)

0 (0.00)
30 (10.00)

1 (3.12)
31 (96.88)

IPM R
S

0 (0.00)
44 (100)

8 (33.33)
16 (66.67)

0 (0.00)
30 (100)

4 (12.5)
28 (87.5)

PC R
S

44 (100)
0 (0.00)

24 (100)
0 (0.00)

28 (93.33)
2 (6.67)

30 (93.75)
2 (6.25)

F R
S

18 (40.91)
26 (59.09)

12 (50)
12 (50)

19 (63.33)
11 (36.67)

9 (28.13)
23 (71.88)

NA R
S

32 (72.72)
12 (27.27)

20 (83.33)
4 (16.67)

24 (80)
6 (20)

25 (78.13)
7 (21.88)

TE R
S

44 (100)
0 (0.00)

24 (100)
0 (0.00)

30 (100)
0 (0.00)

29 (90.63)
3 (9.38)
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66.67% (20/20) among the 30 Enterobacter spp. isolates 
tested (Table 2). CTX and CFM had a very significant posi-
tive relationship (p = 0.004), as did LE and AX (p = 0.002), 
F and CZ (p = 0.0035), and CZ and AX (p = 0.016), as 
determined by bivariate analysis (Fig. 5; Supplementary 
table 2). We also looked for moderately significant rela-
tionships (both positive and negative) between antibiotic 
combinations and Enterobacter spp. resistance (Fig. 4).

Genotypes of antimicrobial resistant genes

AMR genes blaCTX-M-15, blaTEM, qnrS, aac-6'-Ib-cr, and 
gyrA were detected by gene-specific PCR in 70 out of 85 
resistant isolates, accounting for 96% of the total. Fourteen 
of these 70 isolates (87.5%) contained several ESBL genes 
as opposed to only one. blaCTX-M-15 (29 out of 70 isolates, 
41%) and blaTEM (26 out of 70 isolates, 37%) were the two 
most common ESBL genes found, while all isolates lack the 
other three genes blaSIM-1, blaSHV, and blaIMP-4. PCR ampli-
fication for genes product is shown in Fig. 5. Additionally, 
electrophoresis revealed the presence of the qnrS, aac-6'-Ib-
cr, and gyrA genes in 40% (28/70), 48% (34/70), and 70% 
(49/70) of the UP isolates, respectively (Fig. 5).

Discussion

One of the most prevalent bacterial infections in hospitals 
is urinary tract infection (UTIs), which is challenging to 
treat [38]. Antibiotic usage is on the rise, which increases 

the number of germs that are resistant to numerous drugs 
and makes the situation more precarious. Therefore, inten-
sifying efforts to solve this issue is essential for delivering 
better healthcare. The purpose of this study was to describe 
the ESBL genes in UTI isolates obtained from patients who 
attended the neighborhood hospitals in the Noakhali dis-
trict, with a particular emphasis on the frequency of gram-
negative bacteria and their pattern of antibiotic resistance 
(Fig. 1). We have also concentrated on MDR co-infection in 
UTI patients. In this study, we found that the total number 
of positive samples was 152 (76%), of which 19 (12.5%) 
were composed of prevalent unimicrobial organisms and 
20 (13.16%) of which were composed of polymicrobial 
organisms. This number was higher than that reported in 
the study by Haque et al. [39] which found that 59.67% of 
samples were positive, with 94.41% of those consisting of 
unimicrobial and 5.59% of those composed of polymicro-
bial microorganism growths. Another research conducted 
in Bangladesh found that 2% of samples had polymicro-
bial growth and that 31.67% of samples had unimicrobial 
growth [40]. Patient difficulties during UTI may be attribut-
able to the presence of numerous UPs in the same sample, 
albeit this has not been validated. This coinfection has the 
potential to significantly impact the difficulty of treating 
UTIs. According to our research, E. coli, Enterobacter spp., 
Klebsiella spp., and Providencia spp. were the most com-
mon microorganisms. The only difference between [40] and 
[41] is that they did not locate Providencia spp. However, 
E. coli, Klebsiella spp., Providencia spp., and many more 
species were discovered in prior research by [42]. This 

Fig. 4  Antibiotic resistance pattern of UPs by disk diffusion method. 
The antimicrobial resistance (AMR) patterns of the four UPs 
obtained from 152 UTI samples (E. coli, 44; Klebsiella spp., 24; 
Enterobacter spp., 30; Providencia spp., 32) for sixteen commonly 
used. Here, AMP, Ampicillin; AX, Amoxicillin; CFM, Cefepime; 

CTX, Cefotaxime; CAZ, Cefazolin; CTR, Ceftazidime; CZ, Cefa-
zolin; CIP, Ciprofloxacin; LE, Levofloxacin; AK, Amikacin; NET, 
Netilmicin; PC, Piperacillin; F, Nitrofurantoin; NA, Nalidixic Acid; 
IPM, Imipenem; TE, Tetracycline. More details about AMR profiles 
can be found in the text and in Table 2
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variance might be due to the temporal, geographical, and 
environmental factors of the patients under investigation. 
Compared to the others, we recorded a larger number of E. 
coli cases. Given the biological characteristics of women, it 
is possible that a sizable colony of E. coli is already flour-
ishing in female feces. Importantly, the etiology of UTI may 
have other causes due to its ascending character [43, 44]. 
Numerous investigations have noted the increased preva-
lence of E. coli in UTI samples [45–47]. Another major 
public health worry, along with the co-infection of bacte-
ria in UTI samples, is the development of AMR. The vul-
nerability of the patient’s treatment and life has increased 
as a result of rising antibiotic resistance among UPs in 
Bangladesh [48]. MDR UPs emerge as antibiotics are used 
more often in therapeutic settings. In this investigation, 
we found that AMP, NA, PC, and TE resistance was pre-
sent in more than 72% of isolated E. coli, Klebsiella spp., 
Enterobacter spp., and Providencia spp. A similar report 
was made for AX and NA resistance patterns in research 
by [39]. The resistance rate of UPEC for fluoroquinolone 
and third-generation cephalosporin (3GC) was greater but 
lower in nitrofurantoin demonstrated, according to several 
other types of research by [39, 43, 49]. However, we dis-
covered lesser resistance to CIP and increased resistance to 
3GC and nitrofurantoin in the current investigation for E. 
coli, which is entirely consistent with the findings of [17]. 
Our research showed that resistance to 3GC is much lower 
in Klebsiella spp., Enterobacter spp., and Providencia spp. 
than it is in E. coli, in contradiction to the results of a prior 
experiment by Haque et al. (2015) [39]. When compared 
to Klebsiella spp. in this study, the resistance patterns of 
Enterobacter spp. and E. coli to CIP are higher in 3GC and 
lower. However, according to a different research [50], CIP 
resistance among K. pneumoniae isolates was low (10%), 
whereas AMP and F resistance were both prevalent. In the 
past, 3GC and nitrofurantoin [17] medications have been 
utilized as options for treating bacterial infections for many 
years. However, the incidence of greater resistance to such 
treatments suggests that these medications are no longer 
useful for treating UTI patients [43]. CIP is the medicine 
of choice now in Bangladesh for treating both severe and 
simple UTIs caused by bacteria [39]. According to Akram 
et al. and Rani et al. [4, 51], E. coli in India was signifi-
cantly resistant to NET, AK and IPM. In contrast, we dis-
covered in the current investigation that NET, IPM, and AK 
exhibit lesser resistance to E. coli, which was completely 
consistent with the earlier studies by [4, 43]. Intriguingly, 
Soleimani et al. [52] reported a similar finding to our find-
ings in the cases of Klebsiella spp., Enterobacter spp., and 
Providencia spp. in one of the earlier research carried out in 

Saudi Arabia. IPM is hence a potent antibacterial drug that 
is being utilized to treat a variety of illnesses.

A significant obstacle to the fight against infections is 
the proliferation of ESBL among Enterobacteriaceae and 
other Gram-negative pathogens in the community and 
hospitals. All around the world, the prevalence of ESBL-
producing microbes is rising. When it comes to β-lactam 
antibiotics like penicillins, cephalosporins, monobactams, 
and even carbapenems, the incidence of ESBL-producing 
Enterobacteriaceae strains differs substantially between 
Asian nations [53]. Our research revealed that blaCTX-M-15 
was the most often seen ESBL gene (41% or 29 of 70 
isolates), followed by blaTEM (37% or 26 of 70 isolates) 
(Fig.  6). Our results corroborate those of previous and 
current studies on hospital and community-acquired UTI 
[14, 16] and are in line with those of studies conducted in 
the same setting that also found CTX-M-15 to be the most 
common ESBL genotype[17]. It is widely known that CTX-
M-15 and other ESBLs of the CTX-M type propagate rapidly 
among members of the family Enterobacteriaceae. Some 
researchers have speculated that CTX-M enzymes might 
have originated from the extensive usage of ceftriaxone 
and cefotaxime [18]. Because blaTEM was the second most 
prevalent ESBL gene, it is possible that TEM-type ESBLs 
are present in at least some community strains. We also 
found differences in antibiotic resistance among blaTEMonly 
isolates, which may point to the presence of ESBLs that are 
inhibited by clavulanic acid but were not uncovered in our 
analysis, or to the presence of additional genes of the blaTEM 
type. In this work, strains of quinolone-resistant bacteria 
containing the plasmid-mediated quinolone resistance 
(PMQR) genes qnrS and aac-6'-Ib-cr were shown to be 
resistant to antibiotics. aac-6'-Ib-cr was the most often found 
PMQR gene (48%), which is consistent with other research 
where aac-6'-Ib-cr gene detection was more prevalent in 
MDR UP isolates [19, 21, 54]. Even while PMQR genes 
only produce modest amounts of FQ resistance, it has 
been discovered that these genes promote the selection of 
further chromosome-encoded resistance mechanisms [22]. 
In this investigation, almost 70% of isolates had quinolone 
resistance-determining regions (QRDR) mutations in the 
gene gyrA. Previous investigations carried out in Jordan 
[19, 21] also revealed a presence of gyrA gene strongly 
correlated with the resistant of fluoroquinolones groups of 
antibiotics. Although they have not done sequencing for the 
conformation of mutation as like our study. The widespread 
and ineffective use of quinolones as empirical therapy for 
UTIs may help to explain these high rates. According to 
Paiva et al. [55], plasmid DNA contained the ciprofloxacin 
resistance gene in UPs E. coli. Fluoroquinolone resistance 
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led to the evolution of several mutations in several genes, 
which are finally reflected in the phenotypic traits of the 
resistant organism. In our research, we discovered that 
UTI-causing organisms that have the ESBL and quinolone 
resistance genes exhibit a high level of antibiotic resistance 
(AR). AR UPs appear to be extensively distributed in both 
community and hospital settings. The high levels of bacterial 
antibiotic resistance may be due to a variety of factors. One 
of them is that the pace of rising resistance frequency varies 
from organism to organism, possibly as a result of regional 
differences. Another potential cause of antibiotic abuse in 
our nation is the inappropriate use of antibiotics, such as 
self-medication.

Conclusions

In occurrences of UTI in Bangladesh, UPs caused by E. 
coli, Enterobacter spp., Klebsiella spp., and Providencia 
spp. remain a major cause for concern. The fact that E. coli 
has the highest incidence in Bangladesh (> 45.0%), followed 
by the other three, is a major public health concern. Urinary 

pathogens (UPs) recovered from patients are related to 
numerous harmful bacterial strains reported from throughout 
the globe, as shown by phylogenetic research. UPs were 
shown to be an MDR pathogen due to the presence of 
blaCTX-M-15 and blaTEM genes, as well as three other AMR 
genes that are roughly connected to aminoglycoside and 
ciprofloxacin, as determined by the antibiotic sensitivity 
testing. Based on our findings, the relatively high prevalence 
of MDR across all β-lactamase genes and plasmid-mediated 
quinolone resistance genes with UP phenotypes in 
Bangladesh is a cause for worry and may have far-reaching 
consequences for the environment. However, more work has 
to be done in the future to comprehend the circulation of 

Fig. 5  Pearson correlation coefficients in between any of two antibiot-
ics resistance to bacterial isolates (A Providencia; B E. coli; C Enter-
obacter; D Klebsiella). A p-value < 0.05 was deemed as statistically 
significant; orange, highly significant; yellow, moderately significant; 
light blue, non-significant; AMP, Ampicillin; AX, Amoxicillin; CFM, 
Cefepime; CTX, Cefotaxime; CAZ, Cefazolin; CTR, Ceftazidime; 
CZ, Cefazolin; CIP, Ciprofloxacin; LE, Levofloxacin; AK, Amikacin; 
NET, Netilmicin; PC, Piperacillin; F, Nitrofurantoin; NA, Nalidixic 
Acid; IPM, Imipenem; TE, Tetracycline

◂

Fig. 6  ARG analysis of repre-
sentative UPs. Red box indi-
cates the appropriate position of 
the bands. Here, A blaCTX-M-15 
and blaTEM gene product, B 
blaTEM gene, and C qnrS and 
aac-6´-Ib-cr gene product as 
well as gyrA gene product. 
In figure A, lane 1 represents 
a 1-kB marker (PROMEGA, 
USA), lanes 2 and 9 represent 
negative controls, lanes 5 and 
10 represent a positive control, 
and other lanes represent the 
positive gene products at 688 bp 
and 861 bp, respectively. In 
figure B, lane 1 represents a 
100-bp marker (PROMEGA, 
USA), lanes 3 and 7 represents 
positive controls, lanes 2 and 
6 represent a negative control, 
and other lanes represent the 
positive gene products at 428 bp 
and 519 bp, respectively. In 
figure C, lane 1 represents a 
100-bp marker (PROMEGA, 
USA), lane 2 represents a nega-
tive control, lane 3 represents 
a positive control, and other 
lanes represent the positive gene 
products at 490 bp
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antimicrobial use and to monitor the spread of ARGs with 
greater population numbers in various ecosystems of the 
medical sectors of Bangladesh.
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