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ABSTRACT
Antimicrobial resistance has emerged as a critical global concern. Escherichia coli, a prominent Gram-negative bacterium, present significant challenges 
in infection management due to its adaptive resistance mechanisms. Found naturally in the gastrointestinal tracts of humans and animals, E. coli strains 
are increasingly resistant to antibiotics worldwide, necessitating urgent intervention strategies. This study aimed to assess the global prevalence and risk 
variables linked to multidrug-resistant E. coli in human and animal samples via systematic review and meta-analysis. We searched databases like Google 
Scholar, Scopus and Medline (PubMed) for relevant publications from January 2015 to April 2023. These studies reported on multidrug-resistant E. coli 
prevalence and associated risk factors. Articles were selected based on predefined criteria. Results were presented with 95% confidence intervals in forest 
plots, tables and figures. Heterogeneity was assessed using the inconsistency index (I2). Random-effects model Comprehensive meta-analysis software 
calculated pooled prevalence and risk factor estimates. The combined prevalence of multidrug-resistant E. coli was estimated at 36.5% (95% CI: 24.6–50.3), 
showing significant heterogeneity (I2 = 99.13%). Risk variables like length of hospital stay and past history of antibiotic usage have been linked to increased 
multidrug resistance in E. coli, according to a pooled study of 23 researches that satisfied the meta-analysis eligibility criteria. The pooled odds ratio for risk 
factors was 1.266 (95% CI: 0.804-1.992), with notable heterogeneity (I2 = 85.92%). Additionally, the odds ratio for prior antibiotic usage was 1.326 (95% 
CI: 0.837–2.102), and for length of hospital stay, it was 1.162 (95% CI: 0.340–3.973). This study and meta-analysis highlight global concerns regarding 
antibiotic resistance, particularly the increasing prevalence of multidrug-resistant E. coli. Key-independent risk factors identified include the duration of 
hospital stays and prior antibiotic use. Effective management and prevention strategies for drug resistance in E. coli and other bacteria should depend on 
identifying and addressing these risk factors.

Keywords: Global Prevalence, Meta-Analysis, Multidrug-
Resistant Escherichia Coli, Risk Factors, Systematic Review

Introduction
Antimicrobial resistance in bacteria represents a critical global 
public health challenge, significantly impacting the treatment and 
management of infectious diseases [1,2]. Resistance typically 
arises when antibiotics fail to inhibit critical bacterial survival 
pathways, such as protein synthesis, nucleic acid replication, 
cell wall synthesis, or foliate metabolism, which are vital to the 
survival of bacteria. Despite their importance in treatment the 
rate at which antibiotic resistance outpaces the development 

of new antibiotics. Proactive measures are crucial to curb its 
spread. The World Health Organization predicts a stark rise in 
global fatalities due to antibiotic resistance, potentially reaching 
10 million annually by 2050 [3].

Certain drug-resistant Gram-negative bacteria within the 
Enterobacteriaceae family, including E. coli have been classified 
as “urgent threats” or “priority 1” infections by esteemed bodies 
such as the Centers for Disease Control and Prevention (CDC) 
and the WHO [4]. Escherichia coli is prominently featured on 
the WHO’s critical priority list for intensive research, antibiotic 
discovery, and development [1,2]. According to WHO research 
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spanning 2015 to 2020, the emergence of antimicrobial resistance 
has emerged as a pervasive concern, profoundly impacting 
global human, animal, and ecological health [5].

Gram-negative Enterobacteriaceae bacteria, such as Escherichia 
coli, are frequently isolated from variety infection sites in both 
human and animal hosts. This bacterial species encompasses 
several pathotypes including Shiga toxin-producing E. coli 
(STEC), enteroinvasive E. coli (EIEC), enteropathogenic E. coli 
(EPEC), enterotoxigenic E. coli (ETEC), enterohemorrhagic E. 
coli (EHEC), enteroaggregative E. coli, and diffusely adherent 
E. coli (DAEC) [6]. Key virulence genes, like stx1, stx2, eaeA, 
and hlyA play a significant roles in E. coli pathogenicity and 
are closely associated with diarrheal diseases in both human and 
animal hosts [6]. Careful selection of appropriate antimicrobials 
is critical to effectively treat these infections and minimize the 
risk of antimicrobial resistance in commensal and pathogenic E. 
coli [7].

The primary sources of drug-resistant Gram-negative bacteria 
are contaminated water, food (especially meat and vegetables), 
and healthcare settings [8]. Antimicrobial resistance genes are 
often acquired from drug-resistant bacteria found in the colon, 
with horizontal gene transfer, facilitating the spread of resistance 
among different bacterial species, including E. coli and other 
Gram-negative pathogens entering the digestive system through 
contaminated sources. Widespread and indiscriminate antibiotic 
use has contributed significantly to the proliferation of resistant 
strains globally [9].

The escalating prevalence of antibiotic resistance in diverse 
E. coli strains worldwide is a major concern, emphasizing the 
urgent need for effective measures to impede its spread [10]. 
Moreover, as the efficacy of current antibiotics diminishes, the 
rise of multidrug-resistant (MDR) bacteria poses a serious threat 
to public health [10]. Superbugs, defined as bacteria resistant to 
multiple drugs, can enzymatically degrade a broad spectrum of 
medicines. Precisely quantifying their prevalence and identifying 
associated risk factors are crucial for guiding prevention and 
control strategies. Hence, this systematic review and meta-
analysis aims to elucidate factors contributing to the emergence 
of multidrug-resistant E. coli strains and comprehensively assess 
their global prevalence in human and animal samples.

Method 
Literature search and selection
The Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guideline was followed during the 
search for published articles to guarantee a logical and exhaustive 
approach to information retrieval [11]. The primary sources for 
the search, which took place between February and April 2023, 
were the Google Scholar, Scopus and PubMed databases. To 
increase search precision, Boolean logic and medical subject 
headings (MeSH) were utilized to construct the search queries. 
Comprehensive and pertinent articles were gathered from 
the selected databases using MeSH terms and keywords like 
“Escherichia coli,” OR “E. coli,” “antimicrobial resistance,” OR 
“AMR,” OR “antibiotic resistance,” OR “multidrug resistance,” 
OR “MDR,” and “Worldwide.” To ensure that only articles 
meeting the standards were included in the information analysis 
that followed strict selection criteria were applied.

Inclusion and exclusion criteria 
A comprehensive assessment of studies on the global prevalence 
and risk factors of multidrug-resistant E. coli was included in 
the analysis. Only full-length, published English-language 
articles were included to guarantee the availability of substantial 
material. We considered studies published between 2015 and 
2023 to obtain the most recent and relevant conclusions. Studies 
that did not explicitly examine the prevalence and risk factors of 
multidrug resistance in E. coli were excluded from the analysis. 
Furthermore, unpublished data, studies published before 2015, 
incompletely described abstracts, and anonymous reports were 
also excluded from this analysis.

Data extraction
The chosen articles were subjected to an organized coding 
procedure, and the data were painstakingly gathered in Microsoft 
Excel using a specific format. The format comprised discrete 
sections for documenting relevant data, including the name of 
the author, the length of the study, the year it was published, the 
study design, the location of the study population, the sample 
size, the total number of isolates, and the number of isolates 
of a particular strain of E. coli. A stringent validation process 
was used to preserve data integrity, entailing several exhaustive 
checks to guarantee the dependability and correctness of the 
retrieved data.

Data analysis
After being assembled into an Excel 2010 spreadsheet, the 
gathered data was put through a descriptive statistical analysis. 
The Comprehensive Meta-Analysis a version 2 program was 
used to objectively examine the prevalence estimate and pinpoint 
the risk factors connected to multidrug-resistant E. coli. When 
two or more studies were available, the odds ratio (OR) and its 
matching 95% confidence interval (CI) were used to create a 
forest plot, which allowed for the estimation of the pooled odds 
ratio. 

A narrative review technique was used when risk factors were 
only covered in a single article or when there was significant 
heterogeneity among several papers that made meta-analysis 
difficult. Using the random effects model, pooled estimates of 
prevalence and risk variables were obtained. To illustrate the 
extracted data, visual aids including tables, figures, and forest 
plots were used. A funnel plot was used to assess publication 
bias, and the inconsistency index (I2) test was used to gauge the 
level of statistical heterogeneity among the included papers. The 
I2 test yields an estimate of the percentage of variation in effect 
estimates that may be ascribed to heterogeneity as opposed to 
chance or random error. It therefore functions as a gauge for the 
degree of statistical heterogeneity amongst the included research 
[12,13].

Results
Selection of articles
Upon identifying 2,325 records in the first pool, 475 publications 
were deemed redundant and eliminated. An additional 637 
publications that did not pertain to the examination of multidrug 
resistance, prevalence, and risk factors in E. coli were excluded 
after reviewing abstracts and titles. A thorough evaluation of 
the eligibility criteria was conducted on the remaining 576 
items, resulting in the exclusion of 548 studies. Reasons for 
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exclusion included the presence of review papers, inadequate 
information about multidrug resistance in E. coli, and lack of 
data on prevalence and risk factors. Consequently, 28 studies 
that satisfied the inclusion criteria were selected for qualitative 
analysis, 23 articles were chosen for the prevalence meta-
analysis, and 17 articles were included for calculating the odds 
ratios of risk factors from the 23 studies. These selected studies 
focused specifically on investigating the prevalence and risk 
factors associated with multidrug resistance in E. coli. Figure 
1 shows the flow diagram of study selection for the analysis, 
providing a visual depiction of the article selection procedure.

Figure 1: A flow diagram showing the selection of articles for 
the systematic review and meta-analysis

Global Trends in MDR E. coli Research (2015-2023)
Table 1 provides a concise overview of the features and findings 
from the quality evaluation of each of the 28 investigations. 
Interestingly, 23 of these articles were deemed appropriate for 
the prevalence study meta-analysis. Geographically, the studies 
exhibited a global distribution, with eight conducted in Asia, 
seven in Africa, two in America, and six in Europe.

There was a total of five studies with two different study 
designs: four cross-sectional studies (n = 4) and one prospective 
cohort study (n = 1) that were excluded from the prevalence 
study meta-analysis. These studies were excluded because the 
research population was non-human and did not meet the meta-
analysis’s homogeneity requirements. One study was conducted 
in America, one in Europe, two in Africa, and one in Asia. Of 
the five investigations, two involved dogs, two involved poultry, 
and one involved cows and farms. According to two studies, the 
use of antibiotics within the preceding month is a substantial risk 
factor for E. coli that is resistant to multiple drugs.

A higher risk of multidrug-resistant E. coli has been linked to a 
number of risk factors, including being a farmer, not using patient 
isolation precautions, having liver cirrhosis, recently undergoing 
digestive surgery, eating organic food, having had a urinary tract 
infection within the previous year, acquiring the infection in 
a medical facility, sex, age, and having metastases. However, 
these factors were only examined in one study each and lacked 
the required consistency and replication, so they were excluded 
from the meta-analysis. In contrast, the risk factor study’s odds 
ratios were determined using a meta-analysis that included risk 
factors evaluated by several studies, such as length of hospital 
stay and past history of antibiotic use.

Table 1: Global Distribution and Characteristics of Studies on MDR E. coli (2015–2023)

Autor Country Study period Study design Study population Sample 
size

# Total 
isolates

# E. coli 
isolates

[14] Morocco February 2013 to July 2015 Prospective study Neonatal intensive 
care unit 455 641 261

[15] Thailand April 2018 to October 2020 Prospective case-
control

Patients with UTIs 284 309 267

[16] Ethiopia March to May 2017 Cross-sectional 
study

Pregnant women 384 61 30

[17] Zambia 2019 Cross-sectional 
study

Children under-five 
years 1287 1020 1020

[18] Morocco March 2015 to March 2016 Case-control 
study

Adult intensive 
care unit 479 305 45

[19] Spain November 2018 to 31 
October 2019

Case-control 
study

Adult patients 
admitted to ICU 1342 101 58

[20] Spain  January 2013 and December 
2014

Retrospective 
cohort study

Hospitalized 
patients with UTIs 948 1074 559
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Autor Country Study period Study design Study population Sample 
size

# Total 
isolates

# E. coli 
isolates

[21] USA June and October 2018 Cross-sectional 
study

A college 
community 103 103 93

[22] Korea  January 2009 to April 2013 Retrospective 
cohort study

 Cancer surgery 
patients 143 232 25

[23] Taiwan January 2010 to December 
2017

Retrospective 
cohort study

Adults with 
surgical surgery 364 594 176

[24] Bangladesh December 2018 to April 2019 Cross-sectional 
study

Broiler chickens & 
environment 150 114 114

[25] Ethiopia Undefined Cross-sectional 
study

Dairy cows and 
farms 408 408 19

[26] Egypt January 2017 to December 
2020

Retrospective 
cohort study

Cancer patients in 
ICUs 497 748 136

[27]
Algeria January 2015 to February 

2017
Cross-sectional 
study

Inpatients/
outpatients with 
UTIs

426 363 215

[28] Spain January and October 2015 Prospective 
cohort study

Dogs attended at a 
veterinary hospital 44 32 22

[29] USA July 2013 and  July 2014 Retrospective  
cohort study

Adults patients 177 177 69

[30]
German 2005 to 2014 Retrospective  

analysis
Children admitted 
to the Pediatric 
ICU

123 167 47

[31]

Poland January 2018 and December 
2019

Cross-sectional 
study

Children 
undergoing 
hematopoietic cell 
transplantation

175 175 7

[32] Brazil August and December 2018 Cross-sectional 
study

Dogs 130 130 35

[33]
Czech 
Republic

January 2013 to 31 December 
2020

Retrospective 
cohort study

Urine samples 
from spinal cord 
injury or disorder

246 829 232

[34] Ethiopia November 2015 to April 2016 Cross-sectional 
study

Backyard chicken 191 694 62

[35] Indian March 2013 to February 2014 Retrospective 
study

Hospitals 346 346 93

[36] Iran February 2012 to June 2013 Cross-sectional 
study

Hospitalized 
Patients 250 250 134

[37] Ethiopia April to May 2017 Cross-sectional 
study

Children under five 269 264 224

[38] China 2015 to 2019 Cross-sectional 
study

Residents of long 
term care facilities 385 71 39

[39]
Taiwan April 2016 to August 2019 Retrospective 

study
Patients with 
multi-drug resistant 
Enterobacterales 

91 91 17

[40] China August 2021 to September 
2021

Prospective  
study

Children 510 510 12

[41]
Morocco February 2013 to July 2015 Cross-sectional 

and case-control 
study

Human gut micro-
biota 782 149 147

Meta-analysis of the prevalence estimates of multidrug-resistant E. coli
The results of the meta-analysis showed that the overall prevalence of E. coli in human and animal samples, after combining 
23 studies, was 36.5% with a 95% confidence interval (CI: 24.6–50.3%); I²: 99.13%; P: 0.055. The heterogeneity percentage of 
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these studies was 99.13%, indicating high heterogeneity in this 
estimate (Figure 2).

Figure 2: Forest plot showing pooled prevalence of multidrug-
resistant E. coli globally (2015-2023).

Random effects model: I² = 99.13; Q = 2533.107; df = 22. The 
diamond indicates the overall pooled estimate.

Publication Bias in Prevalence Estimates of Multidrug-
Resistant E. coli 
The funnel plots, as well as Egger’s linear regression test, 
revealed that there is publication bias in the prevalence estimate 
of multidrug-resistant E. coli analyses; (figure 3, Z = -1.922, P = 
0.055, Random effects model: I² = 99.13; Q value = 2533.107; df 
= 22). The distribution of the studies using a funnel plot showed 
an asymmetrical distribution of effect estimates, indicating 
publication bias. To minimize the effect of the bias, subgroup 
analysis was used. 

Figure 3: Funnel plot showing the pooled prevalence estimate 
of the study Subgroup analysis

Subgroup analysis by publication year
According to the publishing year, the subgroup analysis showed 
a result of 36.2% (95% CI: 33.2–39.4%) (Figure 4). Based on 
pooled estimate prevalence data, the lowest result was found in 
three studies from 2019 (18.7%) (95% CI: 4.2–54.6%), followed 
by two studies from 2015 and 2023 (22.3%) (95% CI: 14.4–
3.3%) and one study in 2019 (27.4%) (95% CI: 23.6-31.5). The 
study conducted in 2016 yielded the highest pooled estimate 

prevalence result (53%) (95% CI: 47.4-59.7%), followed by four 
studies from 2021 (52.6%) (95% CI: 15.8-86.8%), two studies 
from 2018 (49.2%) (95%CI: 30.5-68.2%), one study from 2017 
(38.2%) (95% CI: 30.1-47.1%), and nine studies from 2022 
(36.9%) (95% CI: 33.2-39.4%).

Figure 4: Forest plot showing subgroup analysis of the 
prevalence of multidrug-resistant E. coli by publication year 
Subgroup analysis by country

Subgroup analysis by country
Based on national distribution, the total pooled prevalence 
estimate of multidrug-resistant E. coli was 46% (95% CI: 44–
47.7%) (Figure 5). Poland had the lowest estimated prevalence 
(4%; 95% CI: 1.9–8.2%), followed by Taiwan (13.2%; 95% 
CI: 0.4–84.6%), the Netherlands (10.1%; 95% CI: 7.5–13.6%), 
Korea (17.5%; 95% CI: 12.1-24.6%), and China (18.8%; 95% 
CI: 16.3-21.5%). The Czech Republic had the highest prevalence 
estimate at 94.3% (95% CI: 90.6–96.6%). Thailand, Zambia, the 
USA, and Algeria followed with estimates of 94% (95% CI: 
90.6–96.2%), 79.3% (95% CI: 77.3–81.4%), 70.6% (95% CI: 
14.8–97.1%), and 50.5% (95% CI: 45.7–55.2%), respectively. 
The remaining estimates ranged from 20.1 to 39.4%.

Figure 5: Forest plot showing subgroup analysis of the 
prevalence of multidrug-resistant E. coli by country
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Subgroup analysis by continent
According to the continent, the overall prevalence of multidrug-
resistant E. coli was 41.7% (95% CI: 29.5–55.0%) (Fig.6). 
Europe exhibited the lowest estimated prevalence of multidrug-
resistant E. coli, at 29.3% (95% CI: 27.7–30.9%). The highest 
estimated prevalence was observed in the Americas, at 57.9% 
(95% CI: 52–63.5%). In Africa and Asia, the prevalence rates 
were 50.9% (95% CI: 49.3-52.4%) and 31.4% (95% CI: 29.7-
33.2%), respectively.

Figure 6: Forest plot showing the pooled prevalence estimate of 
MDR E. coli grouping by continent

Meta-analysis of Risk Factors
Risk factors such as length of hospital stay and past history of 
antibiotic usage have been associated with increased multidrug 
resistance in E. coli, based on a pooled study of 23 research 
articles that met the eligibility criteria for meta-analysis. This 
analysis was part of the Comprehensive Meta-study involving 
more than two studies. Following the meta-analysis, forest plots 
and funnel plots were generated to represent the odds ratios of 
risk factors associated with multidrug resistance. According to 
eleven studies, the development of multidrug-resistant E. coli is 
significantly correlated with prior antibiotic use. Accordingly, six 
studies indicate that longer hospital stays significantly increase 
the likelihood of E. coli developing antibiotic resistance.

The forest plot revealed a high degree of heterogeneity at 85.92% 
and a pooled estimate of the odds ratio for risk factors associated 
with multidrug resistance in E. coli of 1.266 (OR=1.266; 95% 
CI: 0.804–1.992) (Figure 7).

Figure 7: Forest plot showing the pooled odds ratio of risk 
factors associated with multidrug-resistant E. coli globally from 
2015 and 2023

Random effects model: I² = 85.92%; Q value = 113.64; df = 16. 
The diamond at the base indicates the pooled estimate from all 
studies.

Publication bias
The funnel plots, along with Egger’s linear regression test, 
indicated publication bias among the odds ratios of risk factors 
associated with multidrug-resistant E. coli; (Figure 8, Z= 1.019, 
P= 0. 308). Random effects model I² = 85.921%; Q value 
=113.642; df= 16.

Figure 8: Funnel plot of the pooled odds ratio of the two risk 
factors in the study (with pseudo-95% confidence intervals)

The pooled estimate of odds ratio of previous antibiotic use
According to the study’s pooled odds ratio estimate for prior 
antibiotic use, a history of antibiotic use was the primary 
risk factor associated with increased likelihood of multidrug 
resistance in E. coli. The forest plot revealed that the odds ratio 
for prior antibiotic use averaged 1.326 (OR=1.326; 95%CI: 
0.837–2.102) (Figure 9).

Figure 9: Forest plot showing the pooled odds ratio estimate 
of the previous antibiotic usage with a 95% confidence interval

The pooled estimate of odds ratio of length of hospital stay
According to the forest plot, the odds ratio for length of hospital 
stay was estimated to be 1.162 (OR=1.162; 95%CI: 0.340–
3.973) (Figure 10).
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Figure 10: Forest plot showing the pooled estimated odds ratio 
of the length of hospital stay

Discussion  
For the qualitative evaluation, a total of 28 papers involving 
E. coli isolates from various samples were chosen, while 23 
studies were selected for the quantitative prevalence study. The 
meta-analysis of these 23 publications revealed that the overall 
prevalence of multidrug-resistant E. coli in the human population 
was 36.5% (95% CI: 24.6–50.3), with high heterogeneity at 
99.13%. Compared to the study conducted by on water samples 
in Africa, where 71.7% (95% CI: 56.2–83.3) was observed, our 
findings indicate a lower outcome [42]. Additionally, reported 
a combined prevalence of antibiotic resistance in E. coli from 
urinary tract infections in Iran at 49.9%, showing a higher 
prevalence compared to our study [43]. The estimated prevalence 
of E. coli among pregnant women in Iran, based on polling data, 
was 29% (95% CI: 23–36%), according to the study by [44]. 
Our meta-analysis revealed a significantly higher prevalence 
compared to the study by, which reported a prevalence of 5% 
in meat samples from Ethiopia [45]. Additionally, a study by 
indicated an overall 15.3% of E. coli in cervical secretions of 
mothers in India [46]. 

A different study by reported that 15% of Ethiopian meals 
with animal origin had a pooled prevalence of E. coli [47]. In 
another study by, the combined prevalence of E. coli in urine 
samples from Ethiopia was 41% (95% CI: 38–45%) [48]. 
Furthermore, found that 24.7% of pregnant women had E. coli, 
which was lower than our findings [49]. Several factors such 
as differences in antibiotic prescribing practices, number of 
included studies, geographical location, publication year, social 
and personal health statuses of communities, sample sizes, 
source and detection methods (employing molecular techniques 
in addition to traditional culturing methods) may contribute to 
these discrepancies. Our study revealed a comparatively high 
prevalence of E. coli when compared to many of these results, 
suggesting a global increase in antibiotic resistance among E. 
coli strains. Specifically, samples from children and pregnant 
women exhibited higher prevalence rates of E. coli isolates in 
our investigation.

The subgroup analysis results based on continents in this study 
indicate that 41.7% (95% CI: 29.5–55.0%) of the population 
had E. coli. In Europe, the lowest estimated prevalence of E. 
coli resistant to drugs was 29.3% (95% CI: 27.7–30.9%). The 
usage of antibiotics, accessibility of medical services, or other 
relevant factors may be contributing factors. America had the 
highest estimated prevalence of the outcome, at 57.9% (95% 
CI: 52–63.5%). This increase may result from the recent 
development of new and advanced detection techniques and the 
growing awareness among specialists of the threat posed by E. 
coli strains, particularly in industrialized nations.

The risk factors associated with multidrug-resistant E. coli 
isolated from human and animal samples are identified in 28 
investigations conducted across various nations. The study 
results revealed that several independent risk factors increase the 
likelihood of multidrug resistance in E. coli: sex, age, metastasis, 
liver cirrhosis, and recent digestive surgery within the last year, 
consumption of organic food, urinary tract infection within the 
previous year, acquisition in a medical facility, and farming. A 
comprehensive meta-analysis was performed on a hospital stay 
duration and prior antibiotic treatment across more than two 
studies. The pooled estimate of the odds ratio for risk factors 
linked to multidrug resistance in E. coli was 1.266 (OR=1.266; 
95% CI: 0.804–1.992), with a high heterogeneity of 85.92% 
according to the meta-analysis results.

Eleven studies yielded an odds ratio (OR) of 1.266 (95% CI: 
0.804–1.992) for antimicrobial resistance in E. coli, highlighting 
antibiotic use as the primary risk factor for this increase. 
Supporting this finding, a study on community-dwelling children 
in the Asia-Pacific region conducted in China reported an OR 
of  2.65 (95% CI: 1.70–4.12) [50]. Horizontal gene transfer is 
a crucial mechanism facilitating the rapid spread of antibiotic-
resistance genes among gram-negative bacteria, including  E. 
coli strains [51,52]. Accurately describing drug resistance 
patterns in E. coli is essential for reducing its global spread.

Efflux pump systems likely contribute to multidrug resistance, with 
multidrug efflux systems being the most prevalent mechanism of 
bacterial resistance to antimicrobial medications is multidrug efflux 
systems, [53,54]. These efflux pumps facilitate increased antibiotic 
diffusion, identified as a significant factor in the development of 
antibiotic resistance within bacterial biofilm structures [55]. The 
widespread use of antibiotics, particularly broad-spectrum ones, 
promotes the evolution of specialized drug defense mechanisms 
in microorganisms [53,56]. Antibiotic resistance has become one 
of the most important public health concerns of the twenty-first 
century, having escalated rapidly in recent years [53]. There is 
compelling evidence that overusing or misusing antibiotics in 
farm animals leads to an increase in antibiotic-resistant bacteria 
[57]. Both innate and acquired resistance pathways contribute to 
E. coli’s resistance to antibiotics [58]. 

With an odds ratio (OR) of 1.162 (95% CI: 0.340–3.973), our 
investigation indicated that the duration of hospital stay is the 
second risk factor for the emergence of multidrug resistance in 
E. coli. This finding aligns with the results from  [50], conducted 
in China, which reported an OR of 3.43 (95% CI: 2.13-5.51). 
Hospitals, due to extensive antibiotic usage in treating illnesses, 
are major environments where antimicrobial resistance can 
develop. During antibiotic treatment, patients’ resistant strains 
can proliferate, potentially spreading to medical staff or other 
patients in confined hospital settings [59]. 

Limitations of the study
This research focused on multidrug-resistant E. coli, providing 
valuable insights into this significant health concern. Although 
this study primarily addressed E. coli, it highlights the need for 
further investigation into less common germs, which may have 
different prevalence rates.  Future research could build on our 
findings to mitigate some limitations, such as the limited number 
of combined risk factors. Expanding the assessment to include 



Copyright © Tirusew Sema, et al.

J Gastro Endosc, 2025

 Volume 3 | Issue 2

www.oaskpublishers.com Page: 8 of 10

more risk factors in future studies will enhance our understanding 
and improve the robustness of the conclusions drawn.

Conclusion
The study’s findings indicate that the years with the lowest and 
highest occurrences of multidrug-resistant E. coli were 2019 and 
2016, respectively. Poland had the lowest incidence estimate, 
while the Czech Republic had the highest prevalence estimate. 
This systematic review and meta-analysis confirmed several 
critical risk factors associated with an increased capacity for 
germs to become resistant to multiple drugs. Notably, routine 
use of antibiotics significantly contributes to antimicrobial 
resistance in humans and animals, with effects persisting for up 
to six months after an antibiotic prescription. Addressing these 
risk factors is essential to mitigate the problem of antibiotic 
resistance and improve the future use of antibiotics, it is 
important to take into account these risk factors. Implementing 
strategies to reduce multidrug resistance in harmful organisms, 
such as E. coli, will improve future antibiotic use and reduce the 
burden of resistance on public health.
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