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Abstract
Antimicrobial resistance (AMR) in Escherichia coli associated urinary tract infections (UTIs) represents 
a major global health threat, compromising therapeutic efficacy and undermining socio-economic 
stability. This study includes a large-scale quantitative trend analysis of nearly 50,000 research articles 
published between 1973 and 2025 to address the longitudinal dynamics of AMR in UTI-associated 
E. coli. Abstract-level text mining was employed to retrieve antibiotic-specific resistance evidence, 
followed by normalized resistance proportion estimation, log-linear regression modeling, Estimated 
Annual Percentage Change (EAPC) analysis, rank-shift comparison, and Total Active Resistance Years 
(TARY)-based persistence profiling. The findings indicate a marked global increase in resistance to 
commonly prescribed first-line antibiotics, including fluoroquinolones, third-generation cephalosporins, 
aminoglycosides, and trimethoprim/sulfamethoxazole. Notably, carbapenems and fosfomycin also 
exhibited significant upward EAPC trends, indicating emerging resistance to these antibiotics despite 
being considered last-resort agents. Especially, the rising EAPC trends for carbapenem and fosfomycin 
exhibits both emerging resistance patterns and intensified reporting associated with expanded clinical 
usage of these last resort antibiotics. Rank-shift and persistence analyses further indicated antibiotic-
specific heterogeneity, distinguishing entrenched long-term resistance from rapidly emerging threats. 
Geographic publication patterns paralleled epidemiological transitions, underscoring the worldwide 
expansion of the AMR burden. Collectively, this multidimensional bibliometric framework advances 
AMR surveillance from static reporting to dynamic resistance intelligence, providing critical insights 
to inform empirical therapy, antimicrobial stewardship, and global policy interventions.
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INTRODUCTION

	 In recent times, the field of global health 
science is confronted by a silent pandemic driven 
by antimicrobial resistance (AMR).1 This escalating 
AMR burden threatens the existing therapeutic 
regimens due to their significant resistant 
properties towards several front-line antibiotics.1 
Amongst the infections associated with AMR, 
urinary tract infections (UTIs) have emerged 
as the most prevalent one because of their 
recurrent traits and frequent reliance on empirical 
antibiotic therapies.2 Furthermore, suboptimal 
and traditional treatment regimens often failed 
to resolve these UTIs, resulting in longer hospital 
stays and hampering socio-economic stability.3 
E. coli is the primary uropathogenic organism 
responsible for the majority of the community-
acquired and healthcare-associated UTIs.4 Initially 
UTIs linked with E. coli was considered as 
manageable but the emergence of multidrug- 
resistant (MDR) phenotypes has substantially 
compromised the global therapeutic regimens.5 
The dominance linked with E. coli associated 
UTIs are further complicated by their ability to 
spread genetic materials through horizontal gene 
transfer, accelerating the spread of resistance 
across the microbial populations.6 Despite the 
extensive advancements in therapeutic regimens 
and reports linked with the emergence of AMR 
in UTIs, the broader resistant trends observed in 
Gram-negative infections underscores the urgent 
need to systematically monitor the evolutionary 
dynamics of AMR. Current surveillance reports 
are highly constrained with the static and short-
term snapshots of AMR without providing the 
longitudinal change in resistance profile over 
time.7 Hence, this static approach failed to provide 
insights linked with entrenched resistance and 
emerging threats linked with UTIs. 
	 Therefore, this critical research gap 
highlights the urgent need for long term quantitative 
trend analysis to capture the direction, magnitude, 
and velocity of the resistance evolution. To address 
this, this study leverages large scale bibliometric 
dataset and quantitative trend modelling to 
systematically characterize the AMR dynamics 
of UTIs linked with E. coli over a period of nearly 
five decades (~55 years). This multidimensional 
framework provided a clear characterization of 

resistance composition analysis, temporal intensity 
mapping, rank-shift evolution, persistence 
profiling, and Estimated Annual Percentage 
Change (EAPC) based trend estimation that 
moves beyond traditional surveillance toward 
dynamic resistance intelligence. This current study 
addresses the transition of AMR surveillance 
from a descriptive and short-term snapshot into 
a predictive, analytical framework.

MATERIALS AND METHODS

Study design and data acquisition
	 The systematic bibliometric trend analysis 
was performed to understand the long-term AMR 
patterns in UTIs associated with E. coli using a 
comprehensive bibliometric dataset. The dataset 
includes ~ 50,000 peer-reviewed research articles 
indexed in UGC journal list and Nature indexed 
journals by using the database of “Dimensions: 
A Digital Research Solution”.8 The bibliometrics 
of the publications over the period of 1973-2025 
were retrieved by using a Boolean search string to 
capture the AMR linked with UTIs associated with 
E. coli.9 The search query of the same was provided 
below:
	 (“Escherichia coli” OR “E. coli”) AND (UTI 
OR “urinary tract infection” OR “urinary isolates”) 
AND (“antibiotic resistance” OR “antimicrobial 
resistance” OR susceptibility)
	 Furthermore,  only  the research 
articles were considered for the curation of 
the bibliometric data, whereas review articles, 
editorials, conference abstracts, and book chapters 
were excluded to ensure the robustness of the 
overall study.

Data curation of preprocessing
	 The whole  b ib l iometr ic  dataset 
(containing publication year, digital object 
identifier, title, abstract text, resistant and 
susceptibility of the mentioned antibiotics in the 
abstract, author list, author’s affiliations, and 
citation counts) were systematically extracted and 
imported into a Python-based analytical pipeline 
through Google Colab platform (Welcome To Colab 
- Colab) via Openpyxl (v3.1.5).10 Furthermore, the 
dataset was preprocessed using Pandas (v2.2.2) 
and NumPy (v2.0.2) libraries to remove the 
duplicate records and entries with incomplete 
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information.11 Then for longitudinal analysis, 
publication years of each entry were transformed 
into integer format to ensure compatibility with 
the time-series modelling. Further to delve 
deeper into the longitudinal trends in antibiotic 
resistance rate, abstract level text mining was 
employed. In this regard, the resistance profile of 
the antibiotics was mapped by using resistance-
related terminologies including, “resistant”, 
“non-susceptible”, and “reduced susceptibility” 
and case-insensitive string matching.12 Binary 
indicators were generated to identify the presence 
and absence of the antibiotic specific resistance 
evidence. To account the uneven publication 
profile of each year, year wise aggregation of the 
publications was performed. For each year, the 
antibiotic specific resistant reporting proportion 
was calculated using the formulae shared below: 

	 Antibiotic specific resistance reporting 
proportion = (number of publications reporting 

resistance) / (total number of publications 
reporting that antibiotic)

	 Furthermore, prior transitioning the 
whole data into logarithmic term and heat 
map visualization, a small constant (ε = 0.1) 
was added to the values to avoid undefined 
mathematical values for zero-prevalence entries 
during regression modelling.13 Additionally, a 
geographical distribution analysis was analysed by 
extracting the author affiliation metadata, where 
publication counts were aggregated by affiliated 
countries and compared across two distinct 
periods (before 2000 and after 2000) to identify 
the shifts in global research contributions.14

Classification of the antibiotics
	 An overall panel of curated antibiotics 
from the abstract level text mining of the 
UTIs associated with the E. coli was analyzed, 
including aminoglycosides, fluoroquinolones, 
cephalosporins, beta-lactams, carbapenems, 
and urinary specific agents like nitrofurantoin 
and fosfomycin. Overall longitudinal trend of 
antibiotic specific analysis was conducted for 
individual antibiotic level to capture granular shifts 
in resistance evidence. 

Estimation of annual percentage change (EAPC) 
of antibiotics
	 The longitudinal shifts in antibiotic 
resistance evidence were quantified by calculating 
the EAPC for each antibiotic. The EAPC is the 
widely recognized matrix for trend analysis to 
describe the average rate of change in a specific 
indicator over the time period.15 In this regard, for 
each antibiotic a log-linear regression model was 
utilised by using the least squared method. In this 
model, the log transformed resistance reporting 
proportion was considered as the dependent 
variable (y) and publication year was considered 
as the independent variable (x). 
	 Where, y = b0 + b1x + ε; where b0 signifies 
the intercept, b1 defines the slope coefficient, and 
.represents the error term ו
	 Regression modelling and confidence 
interval estimation was performed by using 
Statsmodels (v0.14.4) library.16 The slope 
coefficient (b1) was further converted to the 
EAPC by using the below shared formula17:

	 EAPC = (eb1 - 1) × 100

	 Confidence interval of 95% was derived 
from the standard errors of b1. Antibiotics with 
confidence intervals overlapping 0 was considered 
as the non-significant terms or stable long-term 
trends while intervals above or below 0 was 
indicated as significant increasing and decreasing 
trends, respectively.18

Comparative rank-based persistence analysis of 
the antibiotics
	 This whole comparative analysis was 
performed by using Python (v3.12) within the 
google collab environment. Whereas the data 
was aggregated by using the groupby and mean 
functions in Pandas to identify the year wise 
averages before being segmented into two 
different time period (early period and recent 
period). The temporal shift in the antibiotic 
resistance persistence was evaluated by ranking 
the antibiotics based on their resistance reporting 
prevalence during the early period (1970-1999) 
and recent period (2000-2025). In this regard, the 
curated panel of antibiotics was ranked based on 
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their normalized resistance reporting prevalence 
(Pnorm) within each period. The rank of the 
antibiotic displacement (DR) denotes the upward 
and downward shift of the antibiotic resistance 
between the periods. This was modeled as the 
below shared formula:
 
	 DR = Rrecent - Rearly

	 Furthermore, resistance persistence was 
quantified using Total Active Resistance Years 
(TARY), calculated as the cumulative number of 
years during which at least one published report 
documented resistance to a given antibiotic. 
This assessment further enables to differentiate 
between the stable long-term resistance patterns 
(high TARY) and the emergence of antibiotic 
resistance (low TARY with high prevalence in recent 
times).19 Graphical visualizations were generated 
using Seaborn (v0.13.2),20 with a log10 (P + 0.1) 
transformation applied to stabilize variance across 
antibiotics.21

Visualization and statistical analysis
	 The visualizations of the bibliographic 
analysis and antibiotic-resistance trends were 
generated in the Python (v.3.12) platform using 
the Matplotlib (v3.10.0) and Seaborn (v0.13.2) 
libraries.20,22 To ensure comparison of the antibiotic 
with different reporting trends, a logarithmic 
transformation was further applied by using the 
formula:

	 Vplot = log10(Pnorm + e)

	 Where e = 0.1 is considered as the 
small constant to handle antibiotics with 0 
prevalence rate. Furthermore, statistical analysis 
was performed to validate the temporal trends and 
the significance of antibiotics resistance shifts. All 
statistical analysis were performed via Statsmodels 
(v0.14.4) and SciPy (v1.13.1) libraries within the 
Python environment.16,23

RESULTS AND DISCUSSION

Global trend and multidisciplinary impact of UTI 
linked with E. coli
	 Antibiotic resistance has emerged 
as one of the most concerning public health 

issues of the 21st century. According to the 
recent report published by the World Health 
Organization (WHO), the alarming rise of the 
AMR is compromising the effective prevention of 
a wide range of infections globally.1 Furthermore, 
the Global Antimicrobial Resistance and Use 
Surveillance System (GLASS) also highlighted 
global resistance rate of the traditional antibiotics 
against the infections linked with the Gram-
negative pathogens.24 To improve the therapeutic 
outcomes and to determine the heterogenicity 
of the global resistance pattern necessitates the 
substantial global surveillance of the AMR trends.25 
Previous literature has established the UTIs as the 
most common yet prevalent one amongst the 
broader AMR landscape.26 Due to the increasing 
rate of AMR, hundreds of millions of individuals 
worldwide suffering from UTIs are experiencing 
treatment failure, recurrent infections, and 
prolonged hospital stays, thereby significantly 
disrupting socio-economic stability.26 Often in 
serious recurrent cases, these UTIs accounts for 
the development of pyelonephritis, urosepsis 
and even death.27 Additionally, UTIs represents 
a significant proportion of all infections which 
require frequent hospitalization and medical 
attention. Furthermore, the disease burden 
linked with UTIs is also unevenly distributed 
among the women, older people, and individuals 
with comorbidities.28 In earlier times, UTIs were 
generally considered non-threatening ones, but 
the rising prevalence of AMR has significantly 
compromised the management strategies, leading 
to heightened risk associated with adverse clinical 
outcomes. E. coli is accountable for approximately 
70%-90% of the UTIs and considered as the most 
prevalent etiological agent amongst the other 
pathogens.2 The organism’s ability to thrive 
within the detrimental environmental conditions 
and secrete a plethora of virulent determinants 
(including adhesins, toxins, iron-acquisition system 
etc.) making it as the persistent one.29 Clinically, 
the UTIs associated with E. coli are notable for 
the acquisition and spreading of the resistance 
determinants, including extended spectrum 
beta-lactamases (ESBLs), fluoroquinolones, and 
carbapenems.30 To address this, the global trend 
analysis of AMR, evolutionary adaptability and 
epidemiological dominance linked with UTI-
associated with E. coli is necessary to inform the 
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Table 1. Emergence of antibiotic resistance against UTIs associated with E. coli

Name of the	 First Year of	 Decade of	 Antibiotic class	 Interpretation
antibiotic	 resistance 	 emergence
	 evidence

Trimethoprim–	 1973	 1970s	 Folate pathway inhibitor	 Early, persistent resistance
Sulfamethoxazole
Gentamicin	 1974	 1970s	 Aminoglycoside	 Early emergence
Nitrofurantoin	 1975	 1970s	 Nitrofuran	 Long-standing use
Cefuroxime	 1976	 1970s	 Cephalosporin (2nd gen)	 Early b-lactam resistance
Amikacin	 1977	 1970s	 Aminoglycoside	 Early emergence
Ciprofloxacin	 1981	 1980s	 Fluoroquinolone	 Post-introduction emergence
Norfloxacin	 1982	 1980s	 Fluoroquinolone	 Class-specific emergence
Ceftriaxone	 1984	 1980s	 Cephalosporin (3rd gen)	 Expanded-spectrum b-lactam
Cefepime	 1991	 1990s	 Cephalosporin (4th gen)	 Later-generation b-lactam
Fosfomycin	 1992	 1990s	 Phosphonic acid	 Re-emergence era
Imipenem	 1993	 1990s	 Carbapenem	 Reserve antibiotic
Meropenem	 1996	 1990s	 Carbapenem	 Reserve antibiotic
Ertapenem	 2001	 2000s	 Carbapenem	 Late carbapenem
Piperacillin-Tazobactam	 2003	 2000s	 b-lactam/b-lactamase	 Escalation therapy
			   inhibitor
Cefoperazone-Sulbactam	 2004	 2000s	 b-lactam/b-lactamase	 Combination therapy
			   inhibitor
Cefuroxime Axetil	 2005	 2000s	 Oral cephalosporin	 Community-level use

empirical therapeutic strategies and to support 
the antimicrobial stewardship program initiated by 
the GLASS. Therefore, in this present study, efforts 
have been made to analyze the bibliometric trends 
of ~50,000 research articles. The bibliometric 
trend represented in Figure 1A provides crucial 
insights into the response of the scientific 
community towards the escalating threat linked 
to E. coli associated UTIs. Briefly, following the 
discovery of E. coli mediated UTIs in 19th century, 
the annual publication counts (expressed as blue 
bars in Figure 1A) gradually increased from the 
1970s to late 1990s. After the 20th century, the 
publication count was substantially increased 
(Figure 1A). This sharp rise in the publication 
count is correlated with the global recognition, 
awareness and surveillance of the E. coli resistance 
to the cephalosporins and fluroquinolones. 
However, the steep rise in the publication count 
over the last decade underlines the intensified 
research efforts to comprehend the resistant 
mechanisms, epidemiological trends, and clinical 
outcomes attributed to the UTIs associated E. coli 
(Figure 1A). Additionally, the trajectory of mean 
citations per article (represented as the red line in 

Figure 1A) represents an entirely different trend. 
The bibliometric analysis revealed that the citation 
impact was found to be comparatively higher 
during the time period of 1990s, probably due to 
the groundbreaking research that established the 
basic concepts linked with the pathophysiology of 
UTIs associated E. coli and their antibiotic resistance 
(Figure 1A). In contrast, the average citations per 
article significantly decreased in the post-2000 
due to the higher publication volume (Figure 1A). 
This decreased rate reflects the dilution of the 
citation impact due to the rapid expansion of the 
research field. Taken together, the mean citations 
per article trend represents a significant shift 
from an era dominated by the small number of 
groundbreaking studies to a mature research area 
characterized by large-scale surveillance reports, 
regional studies and gradual advancements, rather 
than suggesting the stature of scientific quality. 
Figure 1A depicts that the antibiotic resistance 
linked to UTI-associated E. coli has been globally 
emerged as a significant research area. The field’s 
development and diversification are reflected 
in the marked shift in citation dynamics, while 
the exponential growth in publication output 
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underscores the escalating clinical burden 
associated with antibiotic-resistant UTI-causing E. 
coli. This bibliometric increase is in line with the 
GLASS and WHO priorities, highlighting the urgent 

need for robust global trend analysis to address 
the persistent threat linked with this high-quality 
pathogen by using empirical therapeutics and 
to establish antimicrobial stewardship at global 
scales.

Figure 1. (a) Temporal trends in publication output and scholarly impact of UTI-associated Escherichia coli antibiotic 
resistance research. Blue bars represent the annual number of publications, while the red line denotes mean 
citations per article. (b) Country-wise distribution of publications on UTI-associated Escherichia coli antibiotic 
resistance, stratified by publication period. Blue bars indicate studies published before 2020, while orange bars 
represent publications from 2020 onwards. The figure highlights the recent expansion of antimicrobial resistance 
research across emerging regions
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Table 2. EAPC trend of the antibiotics

Antibiotic Agent	 EAPC (%)	 95% 	 Trend Interpretation
		  Confidence 
		  Interval

Ciprofloxacin	 +4.12	 (3.45, 4.80)	 Significant Increase
Ceftriaxone	 +3.85	 (3.10, 4.61)	 Significant Increase
Meropenem	 +3.20	 (2.55, 3.86)	 Significant Increase
Amikacin	 +1.45	 (0.85, 2.05)	 Significant Increase
Nitrofurantoin	 +0.22	 (-0.15, 0.59)	 Stable/non-significant
Gentamicin	 +1.10	 (0.40, 1.80)	 Significant Increase
Fosfomycin	 +2.95	 (2.10, 3.81)	 Significant Increase
Amoxicillin-Clavulanic Acid	 +2.40	 (1.75, 3.05)	 Significant Increase
Piperacillin-Tazobactam	 +3.05	 (2.30, 3.80)	 Significant Increase
Trimethoprim-Sulfamethoxazole	 +0.85	 (0.20, 1.50)	 Significant Increase
Antibiotic Agent	 EAPC (%)	 95% Confidence	 Trend Interpretation
		  Interval
Ciprofloxacin	 +4.12	 (3.45, 4.80)	 Significant Increase
Ceftriaxone	 +3.85	 (3.10, 4.61)	 Significant Increase
Meropenem	 +3.20	 (2.55, 3.86)	 Significant Increase
Amikacin	 +1.45	 (0.85, 2.05)	 Significant Increase
Nitrofurantoin	 +0.22	 (-0.15, 0.59)	 Stable/non-significant

	 Additionally, to comprehend the global 
epidemiology linked with AMR burden, country-
wise publication output reflects the necessary 
information.30 In many cases, high research 
publications of any country are commonly driven 
by the increasing reports of treatment failure, 
rising prevalence of multidrug-resistant pathogens 
in that specific region.31 This significant increase 
in the research productivity necessitates the 
upgradation of national empirical treatment 
guidelines. Therefore, the country’s wise 
publication trend represents an indirect indicator 
of the extent of UTIs mediated threats posed by E. 
coli. In the present study, efforts have been given to 
understand the country’s wise prevalence of UTIs 
associated with E. coli over the period from 1970 
to 2025. The observations of the same revealed a 
substantial heterogenicity of publication output 
across the geographical regions (Figure 1B). 
The top contributors to the publication outputs 
linked with global burden of E. coli associated 
UTIs are the United States and China, followed 
by India and European regions including France, 
Italy, Germany, and United Kingdom. In these 
geographical regions, sustained and high number 

of scholarly publications indicates the reflection of 
increased number of E. coli associated with UTIs, 
and overuse of antibiotics (Figure 1B). Notably, the 
significant contribution of China and India might 
be the reflection of the critical burden of UTIs 
due to their huge population and the increase 
in the resistance to the first line medications like 
cephalosporin and fluoroquinolones. According to 
the bibliographic analysis, post 2020, the research 
output has shifted drastically in global context 
amongst the high-income and emerging economics 
(Figure 1B). Whereas prior to 2020, most of the 
research linked with E. coli associated with UTIs 
was conducted in Western Europe and North 
America (Figure 1B). The observed publication 
pattern indicates that the emergence of UTIs was 
identified earlier in these geographical regions 
and subsequently examined more rigorously. 
Since 2020, the publications from geographical 
regions like China, India, Brazil, Iran, Malaysia, 
and Egypt have increased significantly (Figure 1B). 
This bibliometric analysis represents increasing 
emergence of UTI-associated complications in 
those areas which were not previously reflected 
in the literature. The heightened numbers of 
publications in such areas are probably a reflection 
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Figure 2. (a) Global composition of antibiotic resistance profiles in UTI-associated Escherichia coli. The tree map 
illustrates the relative contribution of individual antibiotics to the overall resistance evidence based. Block size is 
proportional to the percentage of resistance-associated publications for each antibiotic, highlighting agents that 
dominate global resistance reporting. (b) A year-wise antibiotic resistance reporting intensity in UTI-associated 
Escherichia coli from 1973-2025. Colour intensity represents the log-transformed normalized frequency of reporting 
resistance to individual antibiotics, derived from abstract-level text mining. This visualization highlights temporal 
emergence, persistence, and relative burden of resistance across antibiotics; (c) Comparision of mean antibiotic 
resistance rates in UTI associated E. coli between two time periods, 1970-1999 (blue bar) and 2000-2025 (orange 
bar). Antibiotics are ranked by the increase in resistance change between periods, from highest (ciprofloxacin) to 
lowest (cefuroxime axetil)

of the increasing efforts to combat the AMR threats 
linked with E. coli mediated UTIs. Taken together, 
these bibliometric findings reveal that publication 
trends across geographical regions closely follow 
the epidemiological dynamics of E. coli-associated 
UTIs. This increasing rate of publication linked with 
E. coli associated UTIs revealed a major shift of 
E. coli mediated UTIs from specific geographical 
issues to a global concern. 

Global trends of antibiotic resistance in UTIs 
linked with E. coli
	 Trends in AMR among E. coli-associated 
UTIs have substantial clinical implications for 
treatment outcomes and broader socio-economic 
stability.29 To treat UTIs, medical professionals 
often provide the repeated prescriptions and 
subsequent use of expensive drugs, including 
carbapenem. In global context, the low- and 
middle-income countries are getting affected 
drastically due to unavailability and less access 

towards the advanced therapeutic regimens.32 
Hence in those geographical regions, the morbidity 
rate is significantly rising due to the relatively low 
percentage of people getting proper treatments. 
The systematic evaluation of the antibiotic-
resistant pattern over time is highly required to 
offer a precise therapeutic guideline on a global 
scale. Therefore, in this present study, efforts have 
been made to analyze the global compositional 
perspective reporting the antibiotic resistance 
evidence associated with UTIs linked with E. coli by 
analysing the abstracts from the ~50,000 research 
articles. The global distribution of resistance 
trends indicates that most first-line antibiotics, 
including aminoglycoside, trimethoprim/
sulfamethoxazole, fluoroquinolones, and third-
generation cephalosporin, have exhibited 
increasing resistance over time (Figure 2A). 
Despite the increasing resistance trends over 
time, these antibiotics are widely used to treat 
UTIs mediated threats, further corroborating 
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Figure 3. (a) EAPC trend of traditional antibiotics. (b) Early vs recent rank of antibiotics in terms of their resistance 
Profile
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the AMR threat linked with UTIs. Additionally, 
the resistance trends of the beta-lactam and 
carbapenem group of antibiotics is concerning, 
as these were considered as the last resort 
medications to treat UTIs linked with E. coli (Figure 
2A). Furthermore, the temporal dynamics in the 
antibiotic-resistant trend over the time period of 
1973-2025 is crucial to understand the emergence, 
and persistence of resistance towards any 
specific antibiotics which cannot be understood 
through the cluster tree map represented in 
Figure 2A. To comprehend the same, the year 
wise heatmap of antibiotic resistance trend 
exhibits the emergence and gradual escalation of 
resistance for fluoroquinolones, cephalosporins, 
and aminoglycosides since 1970s (Figure 2B, 
Table 1). Additionally, the antibiotic resistance 
heat map also significantly reported the recent 
trend of resistance linked with carbapenems 
and fosfomycin which is gradually increasing 
(Figure 2B). In recent times, medical professionals 
often prescribed traditional antibiotics based on 
outdated routine knowledge even in the absence 
of accurate culture results. Due to this lack of 
resistance analysis, the patients often received 

inappropriate therapeutics, and the intensive 
selection of superbugs is rising globally. This clinical 
situation further intensifies the silent pandemic 
of AMR linked with UTIs. Hence, to mitigate 
the complexity linked with treatment failure, a 
comparative understanding of early (1970-1999) 
and recent (2000-2025) resistant trend is highly 
required. In this regard, the observations of 
Figure 2C highlighted the divergence of antibiotic 
resistance over time. Briefly, a few antibiotics 
exhibit steady resistance patterns whereas, 
some antibiotics (ciprofloxacin, cephalosporin, 
and carbapenems) exhibit a sharp increase in 
the resistance pattern (Figure 2C). This global 
observation represents the consequence of 
overuse of antibiotics and rising prevalence 
of antibiotic resistance. Taken together, this 
comprehensive analysis revealed a systematic 
trend of antibiotic resistance in UTIs linked with E. 
coli. Furthermore, to comprehend the treatment 
regimens, estimation annual percentage change 
(EAPC) is highly required for quantification of 
temporal change in AMR and advancement in the 
identification of priority antibiotics to mitigate the 
resistance burden. 

Figure 4. Persistence of resistance against the UTIs linked with E. coli
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Quantitative long-term dynamics in AMR threats 
associated with E. coli mediated UTIs
	 EAPC estimation helps to understand the 
AMR trends of E. coli mediated UTIs as resistance 
generally occurred through temporal and non-
linear mechanism.18 This estimation can effectively 
measure the AMR by analysing the rate and 
degree of change in comparison with the global 
trend. Hence this longitudinal analysis helps to 
distinguish the effective antibiotics over a pool of 
traditional antibiotics for better patient outcomes 
by transforming heterogenous bibliometric 
resistance trends into simple interpretable 
trends.18 Additionally, the EAPC estimation also 
supports cross-antibiotic ranking and provides 
early warning signals for last-resort antibiotics. In 
this regard, this study aims to analyse the trend of 
resistance rate over a period of time by estimating 
the EAPC for every antibiotic. The computed 
EAPC indicates a positive EAPC rate in terms 
of several antibiotics, including carbapenems, 
fosfomycin and piperacillin-tazobactam (Figure 
3A, Table 2). This positive EAPC rate suggests an 
increasing resistance rate and also provides the 
selective pressure of these antibiotics in clinical 
outcomes globally. Additionally, as represented in 
Figure 3A and Table 2, the trend of resistance rate 
in fluoroquinolone and cephalosporin represents 
the trend of selective E. coli over a long period 
of time. Furthermore, the traditional resistance 
agents exhibit a negative EAPC rate, suggesting 
their reduction as potent therapeutic agents. To 
complement the computed EAPC, the relative 
ranking of the antibiotics between early and 
recent periods were also determined (Figure 
3B). This rank-shift analysis of antibiotics helps 
to find out the relative changes in the resistance 
metrics. Figure 3B reveals that carbapenems and 
fosfomycin are tending to represent upwards 
shifts in terms of recent rankings. This observation 
underscores the clinical relevance of resistance 
despite its relatively late emergence. In contrast, 
several antibiotics exhibited a downward shift 
in ranking, likely reflecting their replacement 
in frontline treatment regimens (Figure 3B). 
Taken together, this analysis helps to understand 
the changes in the treatment regimens and 
adaptation of resistance in UTIs associated with 

E. coli. Furthermore, the persistence of AMR 
is also important to find out the less effective 
antibiotics and replace them with more promising 
antimicrobial agents. In this regard, Figure 4 
exhibits that gentamicin, nitrofurantoin, and 
amikacin contributed higher in the persistence 
factor analysis. This observation suggests that 
the efficacy of these antibiotics against the UTIs 
associated with E. coli is seriously compromised. 
In contrast, the lower persistence rates observed 
for newly introduced antibiotics may reflect a 
rapid rise in the emergence of AMR (Figure 4). 
Taken together, the integrated trend analysis and 
persistence profiling provide a comprehensive 
assessment of the complexity of AMR in E. coli-
associated UTIs, highlighting antibiotic-specific 
differences in resistance dynamics. Overall, this 
study highlights the dynamic and heterogenous 
trajectory of AMR in UTIs linked with E. coli. 
This rapid emergence of resistance to several 
traditional and front-line antibiotics emphasizes 
the importance of continuous surveillance and 
emergence of novel therapeutic agents to address 
the rising threats linked with resistant UTIs.

CONCLUSION

	 This study demonstrates that antibiotic 
resistance in Escherichia coli-associated urinary 
tract infections has steadily intensified over the 
past five decades. Resistance is now widespread 
against commonly used drugs (fluoroquinolones, 
c e p h a l o s p o r i n s ,  a m i n o g l yco s i d e s ,  a n d 
trimethoprim-sulfamethoxazole) as well as 
the last‑line antibiotics (carbapenems and 
fosfomycin). Overall, the findings emphasize the 
need for dynamic surveillance approaches to 
guide treatment decisions, strengthen stewardship 
programs, and inform international health policies.
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