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Abstract

Extended-spectrum [-lactamase-producing Enterobacteriaceae (ESBL-E) pose a major
global threat to antimicrobial therapy, particularly in pediatric populations where diarrheal
diseases remain a leading cause of morbidity and mortality. This study provides an integrative
genomic—phenotypic assessment of ESBL-producing pathogens isolated from diarrheal stool
samples of hospitalized children (<8 years) in Bangladesh. A total of 38 bacterial isolates
obtained from 32 samples were identified to the species level using MALDI-TOF MS, with
Escherichia coli (47.37%) and Klebsiella pneumoniae (10.53%) being predominant. Whole
genome sequencing (WGS) revealed genome sizes ranging from 3.36—6.63 Mb and 3,095—
6,056 annotated coding sequences. Genomic screening using ABRicate across five AMR
databases identified ESBL-associated genes in 55.3% (21/38) of isolates. The blacry.m-15 gene
was the most prevalent variant (76.19%), primarily among E. coli, followed by blares and
blasyy alleles. Phenotypic ESBL detection via CLSI-recommended double-disk synergy
testing confirmed ESBL activity in 39.5% of isolates. Genotype—phenotype concordance was
78.95%, with genotype-positive/phenotype-negative mismatches likely linked to silent gene
expression, masking by co-produced P-lactamases, or complex resistance mechanisms.
Plasmid replicon analysis identified diverse incompatibility groups, including IncF, Incl,
IncHI, IncX, IncR, and Col plasmids, supporting the mobility and dissemination of ESBL
genes. Virulence profiling showed substantial heterogeneity, with ESBL-positive isolates
carrying multiple adhesion, iron acquisition, and stress-response determinants that may
enhance pathogenic potential.

This study represents one of the first comprehensive genomic—phenotypic investigations of
ESBL-producing Enterobacteriaceae in pediatric diarrheal cases in Bangladesh. The
predominance of blacrx-m-15, the complexity of plasmid-mediated gene dissemination, and
notable genotype—phenotype discrepancies underscore the need for integrated WGS-based
surveillance alongside refined phenotypic diagnostics. These findings offer critical insights
for early detection, infection control, and therapeutic decision-making in resource-limited
healthcare settings.

Keywords: ESBL, Whole genome sequencing, Pediatric diarrhea, Antimicrobial resistance,

Virulence gene, Plasmid, Mobilome Analysis
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Introduction

1.1. Background

Extended-spectrum [-lactamase-producing FEnterobacteriaceae (ESBL-E) pose a prominent
global health risk because they can hydrolyze broad-spectrum f-lactam antibiotics, causing many
first-line treatments ineffective. In turn, the right treatment is often delayed, which increases the
risk of death [1], [2]. Infections resulting from these resistant organisms leads to significant
amounts of morbidity and mortality around the world [3]. ESBL-E has a significant impact on
public health, infecting approximately 290,220 hospitalized patients annually in the U.S. [4]. In
2015, ESBL-producing Escherichia coli (E. coli) caused about 300,000 infections and 9,000
deaths in Europe, while Klebsiella pneumoniae (K. pneumoniae) led to 70,000 infections and
over 3,500 deaths [5]. In 2019, AMR resulted in 1.27 million direct deaths and 4.95 million
associated deaths worldwide [6]. By 2050, it is expected that there could be up to 10 million
fatalities per year globally, resulting in an economic burden of $100 trillion. The extensive
presence of ESBLs significantly contributes to the current antibiotic resistance crisis [7].
According to global projections, over 50% of K. pneumoniae and E. coli bacteria will be resistant
to third-generation cephalosporins by 2030 [8]. WHO classified third-generation cephalosporin-
resistant Enterobacterales as critical group pathogens in the bacterial priority pathogens list, 2024
[9]. According to a landmark study presented at the European Society of Clinical Microbiology
and Infectious Diseases (ESCMID) Global 2025 annual congress found that over 3 million
children around the world died from AMR-related infections in 2022. This shows how important
it is to have targeted surveillance and control strategies, especially for ESBLs-producing
pathogens, which are an essential factor of pediatric antimicrobial resistance [10]. Notably,
Colonization with ESBL-E is a big risk factor for subsequent infections that are caused by
antibiotic-resistant bacteria [11]. ESBL-E have emerged as a global concern, becoming endemic
in numerous countries since their initial identification in 1983 [12], [13], mainly because of the
dissemination of ESBL genes associated with mobile genetic elements (MGEs) like plasmids
[14]. These plasmid-mediated ESBL genes are a significant public health threat because they
transmit easily between microbes through MGEs [15]. In the past, the TEM and SHV types of
ESBLs were the most common families of ESBLs [16]. Now, particularly CTX-M type ESBLs,
demands a multi-stake holder attention [17]. ESBL-E inactivate beta-lactam antibiotics
containing an oxyimino group, particularly third- and fourth-generation cephalosporins and

monobactams, but not cephamycins or carbapenems. Unlike AmpC enzymes, ESBLs are

2|Page



Introduction

inhibited by beta-lactamase inhibitors, including tazobactam and clavulanic acid [18]. Some
ESBL-producing E. coli strains also carry virulence genes, which enhance their pathogenic potential.
Genes such as eilA, air, and IphA aid in bacterial adherence, senB and astA4 encode enterotoxins,
while gad supports survival in acidic environments. The co-occurrence of ESBL and virulence
genes is linked to increased disease severity, higher mortality, and greater healthcare costs [19].
Identifying these resistance (ESBLs) genes is critical for a quick diagnosis, effective treatment,

and developing strategies to prevent further spread.

Over the recent decades, many past studies have focused on the distribution and genomic
characterization of ESBL-E for their contribution in the worldwide crisis of antimicrobial
resistance. Studies in Bangladesh found that high-risk, multidrug-resistant lineages, such ST131,
which are mostly linked to cephalosporin resistance and virulence genes, were highly prevalent
and in circulation, warranting close monitoring [20]. Hypervirulent K. pneumoniae strains, which
harbored the most common ESBL gene, blactx-m-15 were also found in circulation [21]. In
addition, a study by International Centre for Diarrheal Disease Research, Bangladesh
(ICDDR,B), found a high prevalence of multidrug resistant and carbapenem-resistant Klebsiella
pneumoniae which revealed the dominance of resistance genes like blactx-m-1 (91%), blatem
(76.1%), and blasuv (68.7%), in addition to carbapenemase genes such as blaxpc (55.2%) and
blanpm-1 (13.4%). Virulence factors like fimH (71.6%) and ugeF (58.2%) were also occasionally
detected, suggesting severe pathogenic potential [22]. However, Despite these findings, most
studies lacked comprehensive data on community level colonization or regional diversity [21].
Furthermore, the survivability of the ESBL-E plasmids and resistance gene transmission across
cells in hospitalized infections remain unclear [23]. Using whole genome sequencing (WGS)
[24], this study fills in critical gaps by inscribing a more detailed characterization and
transmission dynamics of ESBL-E isolates by exploring their prevalence, genome
diversification, resistance profiles and scrutinizing different antibiotics against isolates obtained

from hospital patients in Bangladesh.

The introduction of WGS has revolutionized the detection and characterization of antimicrobial
resistance (AMR), offering a high-resolution tool for identifying resistance genes, tracking
transmission dynamics, and understanding bacterial evolution. When combined, WGS,

antibiogram data, and systems biology provide a potent platform to get overcome the drawbacks
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of traditional phenotypic techniques and narrow-scope molecular techniques. Together, these
strategies significantly improve early identification of new resistance threats, genotype-
phenotype correlation, and comprehensive surveillance [25], [26]. While several studies in
Bangladesh have reported ESBL-producing organisms from various sources, including poultry,
meat, wastewater, and clinical specimens [27], [28], [29], [30], with most relying solely on
phenotypic or limited molecular techniques. So far, no published work has used a combined
WGS-based ESBL gene detection and phenotypic validation method on diarrhea stool samples
from kids under five, who are very likely to get infections caused by AMR. Previous research has
mostly looked at either genotypic detection or phenotypic characterisation of ESBL-producing
organisms. They hadn't combined both methods to integrate both approaches for comprehensive
ESBL gene identification and validation [31], [32]. This study aligns with the WHO Global
Action Plan on Antimicrobial Resistance (2015) by contributing to improved surveillance and
understanding of ESBL-producing pathogens, thereby supporting evidence-based strategies for
antimicrobial stewardship and infection prevention [33].

Hence, aiming to achieve a better and more comprehensive understanding of ESBL-E in
pediatric diarrheal cases, we conducted WGS of isolates from children under eight in
Bangladesh. ESBL genes were identified from AMR profiles using ABRicate with multiple
databases (CARD, NCBI, MEGARes, ResFinder, and ARG-ANNOT), and phenotypically
validated via double-disk synergy test (DDST). Finally, we present an integrative analysis
correlating genotypic predictions with phenotypic expression, highlighting the diagnostic value
of combining in silico and laboratory-based surveillance to strengthen AMR monitoring

strategies in resource-limited settings.
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1.2. Objectives:

» To isolate and identify bacterial pathogens associated with pediatric diarrhea using
culture and MALDI-TOF MS.

» To determine the genomic characteristics and ESBL gene profiles of diarrheal isolates
using whole genome sequencing (WGS).

» To phenotypically validate ESBL production through the double-disk diffusion test
(DDT) following CLSI M100-ED35 guidelines.

» To compare and correlate genotypic (WGS-based) and phenotypic (DDT-based) ESBL
detection methods for diagnostic accuracy.

» To highlight the epidemiological significance of ESBL-producing Enterobacteriaceae in
pediatric diarrheal infections in Bangladesh.

» To analyze mobile genetic elements and their role in horizontal gene transfer using WGS

data.
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Literature Review

2.1. Introduction to the Problem

Antimicrobial resistance (AMR) is now an emerging global health problem and many patients
succumb to death due to drug-resistant organisms and the unavailability of appropriate
antibiotics [34]. In developing countries, antibiotic resistance is rising due to unregulated sales,
overuse, and easy access to low-cost generic drugs. According to data from Market Data
Forecast (accessed June 2025), the global antibiotics market was estimated at USD 53.10 billion
in 2025 and is projected to grow to USD 72.67 billion by 2033. In the Asia-Pacific region, the
market accounted for the largest share and is expected to expand significantly over the forecast
period [35]. This growing market demand, along with rising resistance, makes it even more
important for continuous monitoring and molecular characterization of resistant pathogens [36].
The World Health Organization (WHO) has indeed referred to antimicrobial resistance (AMR)
as a "silent pandemic" due to its severe and growing threat to global health, development, and
security [37]. This term highlights how AMR is a slow-moving but devastating crisis that often
goes unnoticed by the public, despite causing millions of deaths and posing a major risk to the
effectiveness of modern medicine. Alarming projections suggest that, without effective
interventions, drug-resistant infections could claim up to 10 million lives annually by 2050 [7],
[38]. Among the numerous resistant pathogens, members of the family Enterobacteriaceae
occupy a particularly critical position [39]. This family encompasses several clinically important
genera, including Escherichia, Klebsiella, Enterobacter, Citrobacter, Morganella, and Proteus,
which are ubiquitous in the environment, human gut microbiota, and hospital settings [40], [41].
The widespread distribution and genetic adaptability of Enterobacteriaceae facilitate the
acquisition and dissemination of resistance determinants, especially those encoding extended-
spectrum [-lactamases (ESBLs) [42]. These enzymes confer resistance to a wide array of f-
lactam antibiotics, including third-generation cephalosporins and monobactams, which are

cornerstone agents for the management of severe bacterial infections [18], [23].

ESBLs are plasmid-mediated enzymes capable of hydrolyzing B-lactam antibiotics such as
penicillins, cephalosporins (including cefotaxime, ceftazidime, and ceftriaxone), and aztreonam,
but they are inhibited by B-lactamase inhibitors like clavulanic acid, tazobactam, and sulbactam
[18]. The most prevalent ESBL families are blaTEM, blaSHV, and blaCTX-M, with various
CTX-M variants dominating globally [1], [43]. Several investigators highlighted the widespread
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presence of CTX-M-producing E. coli, reporting CTX-M-14 as the most common ESBL type.
However, subsequent studies by the same group observed a shift toward CTX-M-15—producing
isolates, which gradually replaced the earlier CTX-M-14—producing population [44]. The global
dissemination of blaCTX-M genes has changed the epidemiology of B-lactam resistance and is
now considered a hallmark of community- and hospital-acquired infections [45]. ESBL-
producing Enterobacteriaceae (ESBL-E) are frequently associated with multidrug resistance
(MDR) phenotypes due to co-localization of resistance genes on the same plasmid, thereby
limiting therapeutic options and complicating infection management [46]. The clinical relevance
of ESBLs extends beyond treatment failure; their presence often correlates with increased

morbidity, prolonged hospital stays, higher healthcare costs, and elevated mortality rates [19].

The burden of ESBL-producing pathogens is particularly alarming in developing countries,
where antibiotic misuse, limited diagnostic infrastructure, and poor infection control practices
contribute to rapid dissemination [47]. South Asian countries, including Bangladesh, have
reported a high prevalence of ESBL-E in both community and hospital settings. The over-the-
counter availability of antibiotics, inadequate wastewater treatment, and poor sanitation further
promote the horizontal transfer of resistance genes among bacterial populations [48]. In
Bangladesh, diarrheal diseases remain one of the most common causes of morbidity and
mortality, especially among children under five years of age [49]. According to WHO and
UNICEF reports, diarrheal infections account for a substantial proportion of pediatric hospital
admissions and deaths each year [50]. These infections are frequently caused by enteric bacteria
such as E. coli, K. pneumoniae, Enterobacter spp., and Citrobacter spp., many of which have
developed resistance to multiple antibiotics, including B-lactams [51]. The co-existence of
ESBL-mediated resistance in diarrtheagenic Enterobacteriaceae not only complicates clinical
treatment but also poses a significant risk of resistance gene dissemination to other commensal

and pathogenic bacteria within the gut [52].

Children are particularly vulnerable to infections caused by multidrug-resistant bacteria because
of their underdeveloped immune systems, frequent exposure to contaminated food and water,
and limited access to appropriate healthcare facilities in resource-constrained settings [53], [54].
Furthermore, the use of broad-spectrum antibiotics in pediatric populations often prescribed

empirically creates selective pressure that facilitates the emergence and spread of ESBL-
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producing pathogens. The gastrointestinal tract of children serves as a reservoir where resistant
bacteria can thrive, multiply, and exchange genetic material via horizontal gene transfer (HGT)
[55]. This scenario underscores the necessity of systematic surveillance and detailed molecular
characterization of ESBL-producing bacteria from pediatric diarrheal cases to inform treatment

strategies and containment measures.

Understanding the molecular basis of ESBL-mediated resistance requires a multifaceted
approach that integrates both phenotypic and genotypic analyses. Phenotypic methods such as
the double-disk diffusion test (DDT) and combination disk assays remain standard for detecting
ESBL activity in clinical microbiology laboratories[56]. However, these techniques have
limitations, including false negatives arising from the co-production of other B-lactamases(like
AmpC B-lactamases) or changes in membrane permeability and false positivity due to
hyperproduction of narrower-spectrum B-lactamases combined with altered permeability [44]. In
contrast, genotypic approaches, particularly those based on whole genome sequencing (WGS),
offer comprehensive insights into the resistome, mobilome, and virulome of bacterial isolates.
WGS enables the identification of resistance genes, plasmid replicon types, mobile genetic
elements (MGEs), and virulence-associated factors, thereby providing a deeper understanding of
how ESBLs evolve, spread, and persist in bacterial populations. Integrating phenotypic and
genomic data thus enhances diagnostic accuracy and supports evidence-based antimicrobial

stewardship [57], [58].

Recent advances in bioinformatics have further strengthened genomic investigations. Databases
such as the Comprehensive Antibiotic Resistance Database (CARD), ResFinder, ARG-ANNOT,
and the NCBI AMR database allow for systematic screening of resistance determinants [59],
[60], [61], [62], while plasmid detection tools like PlasmidFinder and MOB-suite facilitate
mobilome analysis [63]. Similarly, the use of virulence factor databases (VFDB) and
phylogenetic tools such as rMLST and core genome alignment enable species confirmation and
evolutionary relationship mapping. Such integrative approaches not only delineate the genetic
architecture of resistance but also reveal possible evolutionary pathways and epidemiological
linkages among isolates [64], [65]. By comparing phenotypic resistance profiles with genotypic

predictions, researchers can identify discrepancies that may indicate emerging mechanisms or
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silent resistance genes, contributing to a more comprehensive understanding of the AMR

landscape.

Within this framework, the study of ESBL-producing Enterobacteriaceae from pediatric
diarrheal samples in Bangladesh holds significant clinical and epidemiological relevance. It
bridges the gap between routine phenotypic surveillance and advanced genomic characterization,
offering insights into both resistance determinants and their associated virulence factors.
Moreover, understanding the role of MGEs in the dissemination of ESBL genes provides
essential information for developing targeted interventions aimed at limiting the spread of
resistant pathogens. The incorporation of phylogenetic analyses adds an evolutionary dimension,
allowing researchers to trace genetic relationships and potential transmission patterns within and

across bacterial species [66].

The purpose of this literature review is to provide a comprehensive overview of the existing
knowledge surrounding ESBL-producing Enterobacteriaceae, with a particular focus on their
genomic and phenotypic characteristics, resistance mechanisms, virulence factors, and mobile
genetic elements. The review also explores how integrative genomic and phenotypic approaches
enhance our understanding of resistance evolution and inform clinical decision-making. By
synthesizing evidence from global and regional studies, this chapter aims to contextualize the
current research on pediatric diarrheal pathogens in Bangladesh and highlight the critical need

for genomic-informed surveillance to combat the growing threat of antimicrobial resistance.

2.2. Global epidemiology of ESBL-producing Enterobacteriaceae

ESBL-E have become a major global public health concern, with rapidly increasing prevalence
in both community and hospital settings. Over the past two decades, ESBL-producing pathogens
particularly E. coli and K. pneumoniae have spread across continents at an unprecedented rate,
driven largely by horizontal gene transfer, antibiotic misuse, international travel, and
globalization of the food supply chain [15], [67]. Unlike earlier decades, when ESBLs were

predominantly reported in hospital-acquired infections, current evidence shows that community-
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associated ESBLs now represent a substantial portion of global infections, affecting people
across all age groups, including neonates and young children. This global expansion has been
accompanied by rising multidrug resistance, limiting the effectiveness of commonly used
antibiotics and complicating treatment protocols in both high- and low-income countries [68],

[69].

2.3. Global Prevalence and Trends

The prevalence of ESBL-producing Enterobacteriaceae varies widely across regions, but
increasing trends have been consistently documented worldwide. The highest reported burdens
exist in Asia, Sub-Saharan Africa, Latin America, and the Middle East, where inappropriate

antibiotic use and limited diagnostic capacity contribute to rapid dissemination [70], [71], [72].

Some clinical studies in India have reported extremely high ESBL rates among
Enterobacteriaceae, sometimes in the range of 60-80%, though this level of prevalence is not
uniformly reported across all countries in South Asia [73], [74], [75]. In Pakistan, high levels of
ESBL-producing E. coli have also been documented about 48% [76], [77]. In Bangladesh, meta-
analyses suggest more modest pooled prevalence (~17%) in E. coli isolates, indicating
considerable regional variation in ESBL burden [78]. A significantly high proportion of AMR,
MDR, and ESBL producers were detected in the period from 2015 to 2020 (Table 1)[48].
Studies from Asian countries report ESBL rates in clinical Enterobacteriaceae isolates often
exceeding 60—-70%, significantly higher than those observed in Europe or North America [48],
[79], [80]. For example, A landmark study analyzed 178,825 Enterobacteriaceae isolates
collected from 1997 to 2016 across 199 hospitals in 42 countries under the SENTRY
Antimicrobial Surveillance Program. The proportion of isolates with an ESBL phenotype rose
from 10.3% in 1997-2000 to 24.0% in 2013-2016. Among ESBL producers, the dominant
species were E. coli (~47.5%) and K. pneumoniae (~43.7%). Regionally, the increase was
significant in all world regions, such as Latin America saw a ~22.4% rise; Asia-Pacific ~17.6%;

Europe ~16.2%; U.S. ~10.9% [81].
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Table 1. Current status of ESBL as reported in Bangladesh, India, and Pakistan public health
sectors from 2015 to 2023.

10

11

12

13

14

15

Country

Bangladesh

India
India

Bangladesh

Bangladesh

Bangladesh

Bangladesh

Bangladesh

Bangladesh

Bangladesh

Bangladesh

India

India

North-East
India

South India

ESBL

blaCTX-M-15
blaCTX-M-15

blaCTX-M-15

blaTEM
blaCTX-M-15
blaCTX-M-1
blaSHV-12
blaCTX-M-14
blaCTX-M-27
blaCTX-M-9
blaCTX-M-14b
blaSHV-28
blaTEM-12
blaCTX-M-1
blaCTX-M-1
Non-specific
Non-specific
blaTEM
blaCTX-M
blaSHV
Non-specific
Non-specific
blaCTX-M-3
blaCTX-M- 14

blaTEM

blaCTX-M-
group—1
blaCTX-M-15

blaOXA-2
Non-specific

blaCTX-M
blaTEM
blaSHV

blaCTX-M-15

Enterobacteriaceae

E. coli
E. coli

E. coli

E. coli

E. coli

E. coli
K. pneumoniae
E. coli
Klebsiella pneumoniae

E. coli

K. pneumoniae

K. oxytoca

Pseudomonas spp.

E. coli

E. coli

E. coli

E. coli

E. coli

Source

Urine

Skin and soft tissue

Urine, pus, extra intestinal clinical
samples

Urine

Rectal swabs

Clinical specimens

Urine

Urine

Tracheal swabs, sputum, wound
swabs, pus, blood, urine

Urine, swab, pus

Stool

Urine
Pus

Urine

Urine, sputum, vaginal discharge

Urine, wound swab, sputum, pus,
endotracheal secretions,
bronchoalveolar lavage, bile fluid

Prevale
nce

80%
70%
25%
50%

48.20%

11.10%

11.10%

7.40%
7.40%
3.70%
3.70%
3.70%
3.70%

33.90%

51.40%

25.84%

6.60%
22.70%
24.20%

4.30%

50%
25%

78.00%

80.00%
41%
96%
52%

8%

9.80%

82.60%

54.34%
60.86

63.04%

90%

Reference
[79]
[82]
[83]

[84]

[85]

[30]

[86]

(88]

[89]

[93]

[94]
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16  Bihar, India
17 India
18 Pakistan
19 North-West
Pakistan
Lahore,
20 Pakistan
1 Faisalabad,
Pakistan
22 Pakistan
Lahore,
23 Pakistan
Peshawar,
24 Pakistan
Lahore,
25 Pakistan
Faisalabad,
26 Pakistan
According

to

blaTEM
blaSHV
blaCTX-M
blaSHV
blaTEM
blaCTX-M-15

Non-specific

blaCTX - M
blaTEM

blaSHV

blaCTX-M-1

blaCTX-M1
blaTEM
blaSHV
blaCTX-M-I
blaCTX-M-1I

blaCTX-M-15

Non-specific

blaCTXM-1
blaTEM-1
blaCTXM-15

E. coli

Pseudomonas
aeruginosa

E. coli

P. aeruginosa

E. coli, Klebsiella spp.,
Pseudomonas
aeruginosa,
Enterobacter spp.,
Acinetobacter spp.

E. coli

K. pneumoniae

E. coli

Pseudomonas
aeruginosa

E. coli

E. coli

the SMART Antimicrobial

Stool

Urine, blood, sputum, endotracheal

aspirate
Fecal samples

Burn patients

Urine, pus, wound swabs

Dog owners
Cat owners

Veterinary professionals

Hospital waste

Clinical specimens

Clinical specimens

Healthy individuals

Patients

Urine

Surveillance

Program,

51.80%
68%
86.10%
15.10%
57.10%
86.20%
35.85%
76%
28%
21%
59%
73.90%
80%
71%
53%
6%
72.10%
8.50%

19.71%

57.00%
53.00%
70%,
74.40%
49%

Literature Review

[95]

[74]

[96]
[97]

(98]

[99]

[100]

(98]

[101]

[102]

[103]

ESBL-producing

Enterobacteriaceae have shown a clear and consistent upward trend globally. A 10-year review

(2002-2011) demonstrated increasing ESBL prevalence in E. coli, K. pneumoniae, K. oxytoca,

and P. mirabilis, with the steepest rises observed in Asia, Latin America, and the Middle East,

and smaller but notable increases in Europe and North America [104][105]. ESBL rates in intra-

abdominal infections increased significantly across Asia, Europe, Latin America, and the Middle

East, while urinary tract infections showed marked increases mainly in Asia and the Middle East.

Despite the rise in ESBL producers, most E. coli and K. pneumoniae isolates remained

susceptible to carbapenems during this period. ESBL production was also strongly associated
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with fluoroquinolone resistance, especially among E. coli. Regional analyses, such as a 2008
Latin American SMART report, revealed particularly high ESBL rates (~26.8% in E. coli and
~37.7% in K. pneumoniae). More recent global SMART data (2015-2019) further confirmed
increasing ESBL non—carbapenem-resistant phenotypes, with over 50% ESBL positivity in E.
coli in several countries including India, Thailand, Vietnam, China, Russia, Mexico, Kenya, and
Kuwait, alongside rising ESBL K. pneumoniae rates in Latin America and North America.
Together, SMART findings highlight a sustained global rise in ESBL-producing

Enterobacteriaceae with strong geographic variation [105], [106].

In Europe, although prevalence is generally lower, marked geographic heterogeneity exists.
Southern and Eastern European countries, including Italy, Greece, Romania, and Bulgaria, report
significantly higher ESBL rates compared to Northern Europe. In contrast, Scandinavian
countries and the Netherlands maintain relatively low prevalence due to stringent antibiotic
stewardship programs and robust surveillance frameworks [107], [108]. In North America, ESBL
rates range from 10-15% in most reports, though certain states have reported higher community-
associated ESBL infections, particularly among urinary tract isolates. Africa and Latin America
remain underrepresented in global surveillance data; however, available studies show high ESBL
prevalence, often associated with limited diagnostic access, informal antibiotic markets, and

inadequate sanitation infrastructure [109], [110], [111].

International travel also contributes substantially to the spread of ESBL-producing strains.
Several studies demonstrate that travelers returning from South Asia, Southeast Asia, or Africa
frequently acquire ESBL-producing E. coli, even without developing symptoms, and may
transmit them to household contacts. Foodborne transmission is another emerging concern, with
ESBL-producing Enterobacteriaceae detected in poultry, livestock, vegetables, and retail meat

products, highlighting the importance of a One Health perspective [15], [112], [113], [114].

2.4. Pediatric Burden: Incidence, Morbidity, and Mortality

Children represent one of the most vulnerable groups in the global ESBL epidemic. Pediatric
patients, especially those under five years of age, are more susceptible to gastrointestinal

infections due to immature immune systems, frequent environmental exposure, and malnutrition
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an important risk factor in low-income settings. ESBL-producing Enterobacteriaceae are
increasingly associated with pediatric diarrheal diseases, urinary tract infections, bloodstream

infections, neonatal sepsis, and hospital-acquired infections[115], [116].

Globally, diarrheal diseases remain a leading cause of morbidity and mortality among children
[117]. IHME data (published in Lancet Infectious Diseases) estimate 1.2 million diarrheal deaths
in 2021, with high burden in sub-Saharan Africa and South Asia [118] There is good evidence
that E. coli (various pathotypes) contributes to diarrheal disease and that ESBL-producing E. coli
(and other Enterobacterales) cause antimicrobial challenges [119]. Although not all diarrheal
cases are bacterial, enteric bacteria such as E. coli, Klebsiella spp., Enterobacter spp., and
Citrobacter spp. are significant contributors, and the rise of ESBL-producing strains exacerbates
clinical outcomes [51], [120], [121]. Studies from India, Nepal, Pakistan, and Bangladesh reveal
that ESBL-producing E. coli and K. pneumoniae are frequently isolated from pediatric diarrheal
stool samples, often exhibiting multidrug resistance patterns that severely limit therapeutic

choices [48], [122], [123], [124], [125].

Neonatal infections caused by ESBL-producing Enterobacteriaceae (ESBL-E), such as K.
pneumoniae, Enterobacter spp., and E. coli, pose a serious challenge in South Asia and Africa.
Outbreaks in neonatal units are linked to high mortality rates ranging from 20% to 60%. These
infections are often acquired through maternal transmission, contaminated birth environments,
or prolonged hospitalization. Treatment is difficult due to resistance to first-line antibiotics like
ampicillin and cephalosporins. Mortality among neonates with ESBL bloodstream infections
has been reported at around 36%, significantly higher than in non-ESBL infections,
underscoring the urgent need for improved infection control and antibiotic stewardship in these

regions [126], [127], [128].

In Bangladesh, the pediatric burden is particularly significant. Studies conducted at icddr,b,
Dhaka Medical College, and other tertiary centers consistently report high ESBL prevalence in
enteric bacterial isolates from children. Factors contributing to this include widespread antibiotic
misuse, poor sanitation, over-the-counter antibiotic sales, and limited infection control practices.

The gastrointestinal tract of Bangladeshi children often acts as a reservoir for ESBL-producing
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bacteria, increasing the likelihood of transmission within households and communities [78],

[124], [129], [130], [131].

2.5. Temporal Trends: Evolution of CTX-M, SHV, and TEM
Families

Extended-spectrum B-lactamases (ESBLs) are enzymes—mainly Ambler class A and some class
D B-lactamases—that can break down many broad-spectrum penicillins and cephalosporins,
including oxyimino-B-lactams. They are inhibited by B-lactamase inhibitors and are grouped
under Bush—Jacoby—Medeiros functional classification subgroups 2be and 2d [132], [133], [134].
ESBLs are typically defined as acquired B-lactamases, most often carried on plasmids [135],
[136]. They represent a relatively recent evolutionary adaptation, with the first clinical isolates
harboring ESBLs reported in Germany in 1983 [137], [138]. By 1985, the first hospital outbreaks
involving ESBL-producing bacteria emerged in France, followed by similar occurrences in the
United States toward the late 1980s and early 1990s [139], [140], [141]. Since their emergence in
1983, the number of identified ESBL variants has steadily increased, highlighting their rapid
evolutionary diversification. Based on amino acid sequence analysis, ESBLs are grouped into
nine structural or evolutionary families, including TEM, SHV, CTX-M, PER, VEB, GES, TLA,
BES, and OXA. By the early 2000s, the TEM and SHV families remained the predominant
groups, representing the earliest ESBL types discovered. The majority of what we know
regarding the evolution of ESBL is derived from research on 7TEM and SHV enzymes, which are

primarily structural mutants of TEM-1, TEM-2, and SHV-1 penicillinases, respectively [142].

The molecular epidemiology of ESBLs has shifted dramatically over time. Initially, ESBLs were
predominantly derived from mutations in blaTEM and blaSHV genes, which were common in
hospital settings during the 1980s and 1990s. These enzymes were primarily associated with
nosocomial outbreaks, particularly among K. pneumoniae isolates. However, the emergence of
the CTX-M family in the early 2000s marked a turning point in global ESBL epidemiology [104],
[143], [144].
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The blaCTX-M group, particularly CTX-M-14 and CTX-M-15, has become the most prevalent
ESBL worldwide. CTX-M-15 is strongly linked with the globally disseminated E. coli clone
ST131, driving widespread community and hospital infections. The genes encoding CTX-M
enzymes are often on mobile IncF plasmids, facilitating their rapid international spread.
Currently, CTX-M ESBLs represent over 70% of ESBL phenotypes in many regions, surpassing
TEM and SHV types as the dominant resistance mechanism [72], [94], [145], [146].

Despite the dominance of CTX-M enzymes, the TEM and SHV families remain
epidemiologically important. Mutated variants such as TEM-135 and SHV-12 continue to
circulate, especially in Asia, Africa, and Latin America [147], [148], [149]. Co-existence of
multiple ESBL genes within single isolates is increasingly reported, contributing to complex
resistance phenotypes. These molecular trends reflect ongoing evolutionary pressure driven by

heavy antibiotic use in clinical medicine, agriculture, and the environment [52].

2.6. Positioning ESBLs Within Modern B-Lactamase Classification
Frameworks

The first B-lactamase classification that included ESBLs was proposed in 1989 by Karen Bush.
She defined group 2b' enzymes as those that can break down oxyimino-B-lactams (like
cefotaxime, ceftazidime, and aztreonam) at >10% of the rate for benzylpenicillin and are
strongly inhibited by clavulanate (Figure 1). Later, this group was renamed as group 2be in the
functional classification developed by Bush, Jacoby, and Medeiros [150], [151]. In this
classification, ESBLs are defined as class A B-lactamases that can hydrolyze extended-spectrum
B-lactam antibiotics and are inhibited by common [-lactamase inhibitors like clavulanate,
sulbactam, and tazobactam. Initially, only plasmid-mediated ESBLs were included, but the
updated system now recognizes that ESBL genes can move between plasmids and chromosomes.
Traditional ESBLs are blocked by both older inhibitors (clavulanate, sulbactam, tazobactam) and
newer ones such as avibactam, relebactam, and vaborbactam. Although some suggest classifying
any enzyme that breaks down oxyimino-B-lactams as an ESBL, the strict definition still requires

that the enzyme must be inhibited by clavulanate [152], [153], [154], [155].
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Figure 1. Chemical structures of B-lactam antibiotics and the inhibitors designed to block B-lactamase

activity [44].
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2.7. Overview of Predominant ESBL Families and Their Global

Significance

ESBLs share similar functions, like breaking down extended-spectrum B-lactam antibiotics and

being blocked by clavulanate, but their genes are different. They are grouped into several

families [143]. TEM and SHV types are very similar, with only small differences in their amino

acids, while CTX-M types are more diverse. Each family also has its own unique features.

Table 2. Classification of ESBL Families [156].

Family

Nomenclature

Characteristics

Temoneira, the patient infected with

TEM Point mutation variants of TEM-1 or TEM-2
the first isolate expressing TEM-1
SHV  Sulfhydryl reagent variable Point mutation variants of SHV-1
TEM variants that are resistant to inhibition by
IRT Inhibitor-resistant TEM clavulanate and sulbactam, but do not have
ESBL phenotype
. TEM variants that are resistant to inhibition by
Complex mutant derived from TEM-
CMT ; clavulanate and sulbactam and also have ESBL
phenotype
. . Derived from the chromosomal -lactamase
CTX-  Cefotaxime-hydrolysing B-lactamase
from Kluyvera spp.
M isolated in Munich : :
Preferentially hydrolyses cefotaxime
More prevalent in P. aeruginosa than
GES Guiana-extended spectrum Enterobacterales
Some variants also hydrolyse carbapenems
More prevalent
in P. aeruginosa and A. baumannii than
PER Pseudomonasextended resistant Enterobacterales
Inhibition by newer -lactamase inhibitors is
variable
VEB Vietnam extended-spectrum [3- Preferentially hydrolyses ceftazidime and
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lactamase aztreonam compared with cefotaxime

Inhibition by newer -lactamase inhibitors is

variable

' Preferentially hydrolyses ceftazidime and
BEL Belgium extended B-lactamase ' '
aztreonam compared with cefotaxime

Named after the Tlahuica Indians
Preferentially hydrolyses ceftazidime and
TLA (Mexico), from whom the first isolate ' '
' aztreonam compared with cefotaxime
was obtained

SFO From Serratia fonticola Inducible
OXY  From Klebsiella oxytoca Chromosomally encoded
2.71. TEM

TEM-type ESBLs are derived from the original plasmid-mediated B-lactamase, TEM-1, first
identified in the 1960s from an E. coli isolate of a Greek patient named Temoneira [157], [158].
TEM-2, the first derivative, has a single amino acid change (GIn39Lys) but the same substrate
profile as TEM-1 and became the ancestor of many TEM-type ESBLs. The first TEM variant
showing the ESBL phenotype was TEM-3, reported in 1989. To date, 243 TEM variants have
been described, though not all are ESBLs [143], [159], [160]. Amino acid changes in TEM
enzymes occur at specific positions that affect the ESBL phenotype [143]. Key residues include
Gly238 and Glu240 on the B3 sheet, Argl64 on the Q loop, and Glul04 near the active site.
Changes like Gly238Ser and Glu240Lys have the greatest effect (Figure 3). Some newer
variants, such as TEM-184, show altered substrate preferences, hydrolyzing aztreonam better
than other drugs. While many new variants are found through WGS, few are tested
phenotypically, though computer models can predict whether a variant is broad-spectrum, ESBL,
or inhibitor-resistant [161], [162], [163], [164]. TEM-3 was common in France but rare in the
USA [165], where TEM-10 was the most prevalent TEM-type ESBL [166]. TEM-26 has been
found worldwide. However, with the global rise of CTX-M-type B-lactamases, TEM-type ESBLs
have become rare, appearing in less than 1% of ESBL-producing E. coli and Klebsiella

pneumoniae in recent European surveys [165], [167], [168], [169], [170].

20| Page



Amino Acid Residue
TEM-1

SHV-1

CTX-M-1

Amino Acid Residue
TEM-1

SHV-1

CTX-M-1

Amino Acid Residue
TEM-1

SHV-1

CTX-M-1

Amino Acid Residue

Literature Review

---MSIQHFRVALI----PFFAAFCLPVFAH-PETLVKVKDAEDQLGARVGY IELDLNSG

----- MRYIRLCII----SLLATLPLAVHAS-PQPLEQIKLSESQLSGRVGMIEMDLASG

MVKKSLRQFTIMATATVTLLLGS--VPLYAQTADVQOKLAELERQSGGRLGVALINTAD-
i R @ 2 A T . .. * k K-k S

Be 3
KILESFRPEERFPMMSTFKVLLCGAVLSRVDAGQEQLGRRIHY SONDLVEY SPVTEKHLT
RTLTAWRADERFPMMSTFKVVLCGAVLARVDAGDEQLERKTHYRQQODLVDY SPVSEKHLA

NSQILYRADERFAMCSTSKVMAVAAVLKKSESEPNLLNQRVEIKKSDLVNYNPIAEKHVD

sk sdkdkk ok hk kok JHkk 2 e s % e Fkkk K Rk

o <
™M T

- -
DGMTVRELCSAATTMSDNTAANLLLTT IGGPKELTAFLHNMGDHVTRLDRWEPELNEATP
DGMTVGELCAAAT TMSDNSAANLLLATVGGPAGLTAFLRQIGDNVTRLDRWETELNEALP
GTMSLAELSAAATLQY SDNVAMNKL I SHVGGPASVTAFARQLGDETFRLDRTEPTLNTAIP

do: kk skk:  kkk Kk Kk k.. ckkk  ckkk ...kk  kkkk * k¥ K.k

TEM-1 NDERDTTMPAAMATTLRKLLTGELLTLASRQQLIDWMEADKVAGPLLRSALPAGWFIADK
SHV-1 GDARDTTTPASMAATLRKLLTSQRLSARSQRQOLLOWMVDDRVAGPLIRSVLPAGWFIADK
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CTX-M-1 TGSGDYGTTNDIAVIWPKDRAPLILVTYFTQPQOPKAE SRRDVLASAAKIVTNGL -

Figure 2. Amino acid alignments of 7TEM-1, SHV-1 and CTX-M-1. The amino acid sequences
WP_000027057.1 (TEM-1), WP_001620095.1 (SHV-1) and WP_013188473.1 (CTX-M-1) were
obtained from NCBI and aligned using Clustal Omega. Numbering according to Ambler.
Asterisk (*) indicates positions that have a single, fully conserved residue. Colon (:) indicates
conservation between groups of strongly similar properties. Period (.) indicates conservation
between groups of weakly similar properties. The yellow highlights show the active site Ser70-
X-X-Lys active site common to all serine B-lactamases. Red amino acids denote residues where
substitutions provide ESBL phenotype (TEM and SHV). Blue amino acids denote where
substitutions provide inhibitor resistance phenotype. Green indicates position 240 in CTX-M-1,
which has been identified as being associated with increased hydrolysis of cefotaxime [44].
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Figure 3. Amino acid changes in 7TEM ESBL derivatives are shown relative to TEM-1 (grey
bar) using Ambler numbering. Variants may have multiple substitutions. TEM-2, although not
an ESBL, is included as a TEM-I derivative; its GIn39Lys change does not cause the ESBL
phenotype, but many ESBLs originate from TEM-2. TEM-50 and TEM-68 have substitutions
shared by both ESBL and IRT types. Only amino acid changes common to TEM-type ESBLs are
shown [143].

2.7.2. SHV

SHV-type B-lactamases (named for “sulfhydryl reagent variable”) originated as chromosomal enzymes in
K. pneumoniae. The first ESBL, SHV-2, was reported in 1985 from a Klebsiella ozaenae strain in
Germany and differed from SHV-1 by a single amino acid change, Gly238Ser [135], [171]. Like TEM-
type ESBLs, most SHV-type ESBLs have mutations at Ambler positions 238 (Gly—Ser) and 240
(Lys—Glu). The Gly238Ser change is key for hydrolyzing ceftazidime, while Lys240 is important for
cefotaxime hydrolysis. Mathematical models have explored how these substitutions affect substrate

profiles [171], [172]. So far, 228 SHV variants have been identified, though not all have been tested for
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ESBL activity. Globally, SHV-5 and SHV-12 are the most common ESBL variants in Enterobacterales
[173], [174]. Recent European surveillance found SHV-type ESBLs in 3.1%-17.0% of K. pneumoniae
isolates, depending on the region. In a clinical trial on ceftazidime-resistant pathogens from complicated
intra-abdominal and urinary tract infections, SHV-type ESBLs were rare and only appeared in strains also
producing AmpC or carbapenemases [170], [175]. While TEM- and SHV-type ESBLs are still detected,

their impact on clinical isolates is now minimal.

2.7.3. CTX-M

CTX-M-type B-lactamases were first reported in the late 1980s in multiple locations. The name CTX-M
(cefotaximase from Munich) came from Germany [176], while the same enzymes were called FEC-1 and
Toho-1 in Japan, and MEN-I in France [177]. These enzymes quickly spread, leading to what is now
called the ‘CTX-M pandemic.’ Since the early 2000s, CTX-M enzymes have become the most common
ESBLs, overtaking TEM and SHV types. CTX-M variants are found in Enterobacterales, P. aeruginosa,
and Acinetobacter spp., in hospitals, communities, animals, food, and the environment [178], [179],

[180].

Most CTX-M enzymes are grouped into five clusters based on sequence similarity: CTX-M-1, -2, -8, -9,
and -25. The CTX-M-1 group is the most common, with CTX-M-15, CTX-M-3, and CTX-M-1 being
frequent [177], while CTX-M-9, -14, and recently -27 dominate the CTX-M-9 group [181], [182], [183],
[184], [185]. CTX-M-2, -8, and -25 are the main variants in their groups. Studies show CTX-M-2 genes
originated from Kluyvera ascorbata (KLUA-1), CTX-M-134 from KLUC-1 of Kluyvera cryocrescens, and
CTX-M-9 from KLUG-1 of Kluyvera georgiana. CTX-M enzymes also share structural and hydrolytic
features with other environmental class A B-lactamases, like those from Erwinia persicina and Rahnella
aquatilis [186], [187], [187]. Early CTX-M variants were efficient at hydrolyzing cefotaxime and
ceftriaxone, which gave them the name “cefotaximase.” Unlike TEM- and SHV-type ESBLs, they initially
had low activity against ceftazidime. Later, variants such as CTX-M-15 (CTX-M-1 group) and CTX-M-27
(CTX-M-9 group) were found to hydrolyze ceftazidime effectively [177].

CTX-M-15 evolved from CTX-M-3 through a single amino acid change at position 240 (Asp—Gly) in the
B3 B-strand, which helps accommodate the bulkier ceftazidime molecule. This change modestly increases
hydrolytic activity but significantly raises ceftazidime MIC values [188], [189], [190]. CTX-M-27 has the

same residue at position 240, resulting in elevated ceftazidime MICs despite lower activity against other
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substrates compared to CTX-M-14. Clinical data show that ceftazidime MICs for CTX-M-producing
isolates range widely, from 0.25 to >32 mg/L [191].

In 2019, Poirel et al. [192] described CTX-M-33, a CTX-M variant with a single amino acid change at
position 109 (Asp—Ser) from CTX-M-15. This change reduced ceftazidime hydrolysis but increased
meropenem hydrolysis, causing only a modest MIC rise in lab strains. In a clinical K. pneumoniae isolate,
reduced permeability led to a meropenem MIC of 8 mg/L. CTX-M enzymes are widespread, and when
combined with other resistance mechanisms or single mutations that expand hydrolysis, they may limit

the effectiveness of meropenem and newer antibiotics.

2.7.4. Inhibitor-resistant B-lactamases

Inhibitor-resistant B-lactamases are TEM- and SHV-derived enzymes with amino acid changes that make
them resistant to clavulanate and sulbactam, classified as functional group 2br. Most are still inhibited by
tazobactam and avibactam. Most originate from 7EM-1 and were formerly called IRT (inhibitor-resistant
TEM), but now follow sequential TEM numbering [155], [193], [194], [195]. Common amino acid
changes in TEM variants occur at Met69, Ser130, Arg244, Arg275, and Asn276. These mutations confer
resistance to clavulanate and sulbactam but reduce hydrolysis of some penicillins and cephalosporins, like
cefalotin [196], [197]. Although rare, inhibitor-resistant 7EM-30 was found in KPC-producing K.
pneumoniae during a CRE outbreak in New York City. SHV-type inhibitor-resistant -lactamases, such as
SHV-49, -56, and -107, have also been reported in clinical K. pneumoniae isolates from Europe [194],
[198], [199], [200].

2.7.5. ESBL phenotype OXA-type B-lactamases

OXA-type B-lactamases, which hydrolyze oxacillin, belong to Ambler class D and Bush functional group
2d. They are diverse in sequence and substrate profile, and some variants can hydrolyze cephalosporins,
cephems, or monobactams, showing an ESBL-like phenotype (Bush subgroup 2de). However, whether
these oxacillinases are true ESBLs is debated, as they are not in the 2be group and are poorly inhibited by
clavulanate and similar inhibitors [132], [154], [155]. According to a recent review, there are 27
oxacillinase enzymes described as extended spectrum. Most extended-spectrum oxacillinases derive

from OXA-10 (also named PSE-2) and OXA-2. The OXA-10 derivatives include OXA-11, OXA-13,
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0OXA4-14, OXA-16, OXA-17, OXA-19 and OXA4-28. In addition, OXA4-16 has only a partial sequence
submitted as its first description (GenBank #AF043100). Among the OXA-2 derivatives, OXA-15,
0OXA-32, OXA-34, OXA-36 (partial sequence), OXA-53, OXA-141, OXA-161, OXA-210 and OXA-226
have been described. Many OXA-2 and OXA-10 derivatives are detected in isolates of P. aeruginosa
[201], [202].

2.8. Public Health and Economic Impact

The rise of ESBL-producing Enterobacteriaceae has profound public health and economic
consequences. Infections caused by ESBL-E are associated with delayed effective therapy,
prolonged hospitalization, increased need for second- or third-line antibiotics (including
carbapenems), and higher treatment costs. Studies estimate that ESBL infections increase
healthcare expenses by 1.5- to 3-fold compared to susceptible infections, largely due to extended

hospital stays and more expensive medications [203], [204].

From a public health standpoint, ESBL-E pose a serious challenge to infection control efforts,
particularly in resource-limited settings where diagnostic tests are often unavailable. Without
routine screening and surveillance, outbreaks can spread unchecked within hospitals. Community
spread is equally concerning, especially in areas with poor sanitation and high population

density, such as slums and urban settlements in Bangladesh [205], [206], [207].

The environmental dimension of ESBL dissemination further amplifies the crisis. ESBL-
producing bacteria have been detected in wastewater, rivers, household water, livestock, and
vegetables, demonstrating that AMR is no longer restricted to clinical environments. These
reservoirs facilitate continuous circulation of resistance genes, increasing the risk of transmission

to vulnerable populations, including children [22], [108], [208].
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2.9. Molecular Biology of ESBLs: Mechanisms and Classification
2.9.1. Enzymatic Mechanism of Beta-Lactam Hydrolysis

ESBLs are enzymes produced by certain bacteria that confer resistance by hydrolyzing beta-
lactam antibiotics, including penicillins, cephalosporins, and monobactams. The core catalytic
process involves the acylation and deacylation of the enzyme's active site, primarily utilizing a
serine residue to hydrolyze the beta-lactam ring (Figure 4b), a crucial structure in these
antibiotics [209]. The hydrolysis mechanism resembles that of other serine beta-lactamases,
binding the antibiotic substrate in the active site, where the serine hydroxyl group attacks the
electrophilic carbon of the beta-lactam ring, forming a covalent acyl-enzyme intermediate.
Subsequent deacylation releases the inactivated antibiotic, regenerating the free enzyme for

another catalytic cycle [209], [210].

In oxyimino cephalosporins such as cefotaxime and ceftazidime, the bulky R1 and R2 side
chains sterically hinder entry into the catalytic pocket of class A B-lactamases. However, ESBLs
have acquired structural adaptations, particularly enlargements and increased flexibility of the
active-site and Q-loop regions, that enable efficient accommodation and hydrolysis of these
expanded-spectrum substrates. The Q-loop is a flexible, conserved loop located at the entrance to
the active site of class A B-lactamases. It contains the essential Glul66 residue, which is crucial
for the deacylation step in the hydrolysis of the B-lactam ring. Without this loop, the deacylation
apparatus is eliminated. [16], [211], [212]. The conserved catalytic residues Ser70, Lys73,
Ser130, Glul66, and Asn170 (Figure 4a), which are characteristic of class A B-lactamases,
coordinate nucleophilic attack, proton transfers, and deacylation, forming a catalytic machinery

analogous to that of other serine hydrolases [189], [213].
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| blaCTX-M-14 g-lactamase |

Ceftazidime

Figure 4. (a) X-ray crystal structure (PDB: 1YLT) of CTX-M-14 B-lactamase. 17 active site
residues are highlighted in cyan. Heteroatoms of amino acid side chains are represented in red
(oxygen) and blue (nitrogen) [212]. (b) Chemical structures of p-lactam antibiotics. The
oxyimino-cephalosporins cefotaxime and ceftazidime are shown.

2.9.2. Phenotypic Implications

The hydrolytic activity of ESBLs results in resistance primarily to third-generation
cephalosporins, aztreonam, and other beta-lactams. In clinical laboratories, phenotypic detection
often involves susceptibility testing with antibiotics such as cefotaxime or ceftazidime, coupled
with inhibitor-based tests using clavulanic acid or tazobactam. A characteristic feature is the
"keyhole" or synergy zone in disc diffusion assays, indicating inhibition of ESBL activity by
beta-lactamase inhibitors [16], [214].

However, phenotypic tests can sometimes be misleading due to co-existing resistance
mechanisms such as AmpC beta-lactamases or carbapenemases that can mask ESBL activity
[135], [215]. The limitations affect both sensitivity (e.g. false negatives due to the co-production
of an AmpC B-lactamase) and specificity (e.g. false positivity due to hyperproduction of
narrower-spectrum [-lactamases combined with altered permeability) [44]. Therefore,
molecular detection of ESBL genes complements phenotypic assays, guiding effective treatment

strategies.
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2.9.3. Evolution: Mutation, Selection, and Spread

2.9.3.1. Mutation and Adaptation

ESBLs have evolved primarily through point mutations in bla genes, which encode beta-
lactamase enzymes. These mutations often alter amino acids within or near the enzyme’s active
site, expanding the substrate profile to hydrolyze a broader range of beta-lactam antibiotics,
especially third-generation cephalosporins and oxyimino-cephalosporins. A key region for such
mutations is the Omega loop (residues 164—179), particularly in CTX-M-type ESBLs, where
alterations modify the enzyme's conformation and enhance its ability to bind and hydrolyze

extended-spectrum antibiotics efficiently [48], [216], [217].

Evolutionary studies of ESBLs, including TEM and SHV families, reveal a stepwise
accumulation of point mutations and sometimes recombination events leading to diverse enzyme
variants with extended activity. For example, TEM-derived ESBLs emerged from the narrow-
spectrum TEM-1 and TEM-2 penicillinases through multiple independent mutational events,
creating variants such as TEM-3, TEM-4, and others, each with altered catalytic efficiency and
inhibitor susceptibility. Similarly, SHV enzymes, ancestral to chromosomal penicillinases in
Klebsiella pneumoniae, evolved into ESBLs through single or multiple amino acid substitutions

resulting in functional diversification [216], [218], [219].

These mutations primarily affect critical residues in the active site surroundings, such as those
influencing substrate binding and hydrolysis rates. In CTX-M enzymes, mutations within the
Omega loop can increase substrate affinity for ceftazidime and cefotaxime, driving the extended-
spectrum activity characteristic of these enzymes. This molecular adaptation has facilitated the
global spread of CTX-M-type ESBLs, now the most prevalent ESBL family worldwide [48],
[217].

The evolutionary pressure from widespread use of beta-lactam antibiotics selects for these

mutations, enabling bacteria harboring ESBLs to survive antimicrobial treatment and
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disseminate resistance. The genetic mobility of bla genes, often carried on conjugative plasmids,

further accelerates their horizontal transfer among bacteria, exacerbating the public health threat

posed by multidrug-resistant pathogens [216], [219].

2.9.3.2. Horizontal Gene Transfer

The rapid dissemination of ESBL genes predominantly occurs via plasmids, especially

conjugative ones belonging to IncF, Incl, IncHI, and other incompatibility groups. The high

mobility of these plasmids facilitates horizontal gene transfer between bacterial species and

strains, promoting outbreaks of multidrug-resistant infections [220], [221].
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Figure 5. Mechanisms of antibiotic resistance and horizontal gene transfer by extended-spectrum

B-lactamase-producing Enterobacteriaceae (ESBL-E) [48].

2.9.3.3. Selection Pressure

Intense antibiotic use in both human medicine and agriculture has exerted selective pressure
favoring the spread of ESBL producers. The widespread use of third-generation cephalosporins,

aztreonam, and related compounds has maintained and expanded the reservoir of ESBL genes in

pathogenic and commensal bacteria [16], [222], [223], [224].
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2.9.3.4. Global Spread

Global dissemination is driven by travel, trade, and inadequate infection control, with blactx-m-15
dating back to origins in South Asia but now prevalent across continents. The ability of ESBL
genes to reside on transferable plasmids and integrate into various bacterial genomes has

facilitated their persistence and expansion worldwide [14], [23], [48].
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Figure 6. Overview of Sample Processing, Whole-Genome Sequencing, and Computational
Analysis Workflow for Characterizing ESBL-Producing FEnterobacteriaceae in Pediatric

Diarrheal Patients.
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A. Clinical Bacterial Isolates Associated with Diarrhea

3.1. Collection of Clinical Specimens

A total of 32 stool samples were obtained from children under 8 years old undergoing diarrhea at
Dhaka Shishu Hospital & Institute in Dhaka (23.7732° N, 90.3628° E), and Lakshmipur Sadar
Hospital in Laxmipur (22.9347°N, 90.8329°E). The sample demographic metadata were
collected, which includes demographic details about the hospitalized participants age, origin,
gender, and residence (Supplementary Table S1). Clinical samples were collected under strict
aseptic conditions using sterile containers with Amies transport medium (Figure 7) and were
transported promptly within two hours to the respective laboratories maintaining 4 degree
Celsius (Microbial Biotechnology Laboratory, National Institute of Biotechnology for Dhaka
Shishu Hospital samples, and the Microbiology Department, NSTU for Lakshmipur Sadar
Hospital samples) for comprehensive microbial examination, including isolation and

1dentification.

a) Diarrhea Hospital b) Diarrheal Pediatric ¢) Sample collection d) Sample in transport e) Sample Transportation
patient Medium

o7

f) Taking parental consent g) Consent & demographic h) Measurement of body i) Measurement of body j) Measurement of body
data form weight temperature height

N > M '

Figure 7. Sample collection and data acquisition process. (a—j) Collection of diarrheal stool
samples from children and obtaining informed consent, along with demographic information

from their parents or guardians.
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3.2. Isolation of Bacteria

The sample was vortexed thoroughly to ensure homogeneity, and a loopful was then inoculated
on MacConkey agar (Oxoid, UK) plate and incubated at 37°C for 24 hours. Bacteria that
fermented lactose made pink or red colonies, while bacteria that didn't ferment lactose made pale
or colorless colonies (Figure 8). Representative colonies were sub-cultured on fresh MacConkey
agar to acquire pure isolates. Suspected colonies of both lactose fermenters and non-lactose
fermenters from the selective media were subsequently streaked onto nutrient agar plates and

incubated at 37°C for 18 to 24 hours in order to perform biochemical analysis.

Figure 8. (a-b) Media preparation and (e-d) sample processing for bacterial culture.
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3.3. Species identification of clinical isolates

Colonies grown on nutrient agar were examined using MALDI-TOF mass spectrometry for

species-level identification [225].

3.3.1. Identification of Bacteria through MALDI-TOF MS (Matrix-assisted

laser desorption ionization-time of flight mass spectrometry)

1 pL of a-cyano-4-hydroxycinnamic acid (HCCA) matrix solution was applied on top of the
bacterial colonies that had been moved to a designated spot on the target plate (Figure 9). The
plate was placed into the Bruker MALDI Biotyper® Sirius system after being allowed to air-dry
at room temperature for five to ten minutes in order to allow crystallization. The device
measured the time-of-flight (TOF) of ionized proteins to generate mass spectra. Based on
distinctive mass-to-charge (m/z) ratios, the resulting spectral profiles were compared to the
Bruker reference database in order to identify the bacterial species.

MALDI-TOF MS identifies bacteria by detecting the mass-to-charge (m/z) ratios of ribosomal
proteins, generating a unique spectral fingerprint for each species. Instead of targeting specific
biomarker peaks, it compares the overall mass profile to a reference database to determine the

closest match [226].
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Figure 9. MALDI-TOF MS Biotyper and sample identification workflow. (a—d) Stepwise
process of bacterial identification using the MALDI-TOF MS Biotyper, including sample
spotting, matrix application, plate loading, spectrum acquisition, and result interpretation.

B. Genomic insights of diarrheal pathogen
3.4. Bacterial Extraction Genomic DNA and Purification

Genomic DNA from bacterial isolates was extracted using the Thermo Scientific GeneJET
Genomic DNA Purification Kit, following the manufacturer’s instructions. The kit’s spin column
system enabled fast and efficient high-quality genomic DNA isolation. DNA concentration and

purity were checked using a NanoDrop™ 2000/2000¢ Spectrophotometer.

3.5. NanoDrop analysis

The NanoDrop system was utilized to quantify double-stranded DNA (dsDNA) using
microvolume analysis, with a detection range of 2-3700 ng/uL and a 10 mm pathlength to
measure absorbance. Before sample analysis, the NanoDrop spectrophotometer was calibrated by
first measuring 1 pL of ultrapure water as a blank, followed by a second blank measurement
using 1 pL of elution buffer from the Thermo Scientific GeneJET Genomic DNA Purification
Kit. Bacterial DNA extracts were then quantified in duplicate (two technical replicates), with 1
uL of each sample used for measurement. The NanoDrop ND-1000 3.3 software was used to
record the data (Figure 10). DNA concentrations and absorbance ratios, were exported as .txt

files for further processing.
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Figure 10. NanoDrop spectrophotometer for the measurement of DNA concentration and purity
ratios.

3.6. Whole Genome Sequencing (WGS)

The MALDI-TOF validated bacterial 38 isolates underwent WGS on the Illumina MiSeq
platform at the Center for Next-Generation Sequencing (NGS) facility at the National Institute of
Biotechnology (NIB) (Figure 11). Genomic DNA was fragmented into 400-550 bp segments
utilizing the M220 Focused-ultrasonicator (Covaris Ltd., Brighton, UK). Sequencing libraries
were constructed employing the Nextera XT DNA Library LT kit (Illumina, San Diego, CA,
USA), in accordance with the manufacturer's guidelines. The MiSeq Reagent Kit v3, Illumina,

was used for WGS to sequence 300 bp paired-end reads.

Figure 11: Next Generation Sequencing (NGS) of the clinical isolates at NIB.
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3.7. NGS Data Pre-processing and Quality Control

Raw FASTQ files generated by the MiSeq instrument were processed using a suite of
bioinformatics tools within a Linux environment. Quality assessment was performed using
FastQC (v0.12.1), followed by adapter and low-quality bases trimming with Trimmomatic
(v0.6.10) [227], utilizing the NextTera adapter sequence. This procedure obtained high-quality
paired-end reads in FASTQ format.

3.8. WGS data Assembly and Annotation

De novo genome assembly was performed using Unicycler (v0.5.1) [228], which utilized SPAdes
(v4.0.0) genome assembler to construct a De Bruijn graph-based assembly with multiple k-mer
sizes for error correction to minimize mismatching (Figure 12). The quality of the assembled
genomes was subsequently assessed using QUAST (v5.3.0) [229]. This tool provides detailed
insights into the assembly, including key metrics such as the N50 value, which reflects the
minimum contig length needed to cover 50% of the genome. Once high-quality assemblies were
confirmed, Prokka (v1.14.6) [230] was used to annotate the contigs, identifying protein-coding
genes, tRNAs, and small RNAs. The resulting annotations were then explored and reviewed
using a Python tool [231], allowing for visualization and better understanding of the genomic

features.

m ekram@nib: ~/AMR/Ekram unicycler

The output directory already exists:
/home/ekram/AMR/Ekram unicycler/assembly output

Dependencies:
Program Version Status
spades.py 4.0.0
racon not used
makeblastdb 2.16.0+
tblastn 2.16.0+

Choosing k-mer range for assembly (2025-11-12 :50:04)
Unicycler cho a k-mer rang r e ed on the length of the input reads. It uses a wide
range of many k-m s t > the f finding an ideal mbly.

SPAdes maximum k-mer: 127
Median read length: 135
K-mer range: 27, 53, 71, 87, 99, 111, 119, 127

SPAdes assemblies (2025-11-12 13:50:05)

Unicycler now ) to a ble the short reads. It scores the nbly graph for each k-mer
using the number of contigs ri tter) and the number of dead ends ( s better). The score
function is 1/(c*(d+2)), where c is the contig count and d is the dead end count.

spades.py -o /home/ekram/AMR/Ekram unicycler/assembly output/spades_assembly -k 27 --threads 8 --gfall -
-isolate -1 /home/ekram/AMR/Ekram unicycler/trimgalore/4_S4 R1 001 val_1.fq -2 /home/ekram/AMR/Ekram uni

Figure 12: Genome assembly using the Unicycler (v0.5.1) utilizing SPAdes (v4.0.0) genome

assembler in the Linux operating system
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3.9. Genomic exploration using computational analysis

3.9.1. Phylogenetic Tree Construction from Pangenome-Derived Core Gene

Alignment

A pangenome analysis was performed using Roary v3.13.0 [232], which processed the Prokka-
annotated GFF files and produced a core gene alignment (core _gene alignment.aln) (Figure 13).
This alignment was then used as input for FastTree to construct a maximum-likelihood
phylogenetic tree, generating the final output in Newick format. The resulting tree was uploaded
to iTOL (Interactive Tree of Life) v7 for visualization and annotation, where a circular layout
was selected to make the evolutionary clustering among the isolates easier to compare and

interpret.

ngenomeflib/site_per -linux-thread-multi/Encode. pm line 61.

kes, Daniel Falush, Jacqueline A. Keane, Julian Parkhill,

ou need to provide at least 2 files to build a pan genome
i

threads [1]

-e
-n

ene alignment using 8 threads

For further info see: http nger -pathogens.github.io/Ri

Figure 13. Core genome alignment produced by Roary v3.13.0 for downstream phylogenetic

analysis.

3.9.2. Antimicrobial Resistance Gene Profiling Using ABRicate

Antimicrobial resistance (AMR) gene screening was conducted using ABRicate v1.0.1 [233]

across multiple resistance gene databases (Figure 14), including CARD [234], ResFinder [31],
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NCBI [62], MEGARes [235], and ARG-ANNOT [61]. A minimum DNA identity (minid) of 95%
and a minimum DNA coverage (mincov) of 90% were applied as thresholds. The complete
antibiotic resistance databases were utilized to identify potential AMR gene candidates. Output
data were compiled into summary tables for comparative analysis, with a focus on detecting

genes associated with ESBL production.

ekram@nib: ~/AMR/Ekram unicyclerfassembly_output

SEQUENCES DBTYPE DATE
nucl 2025-Jan-14
hucl 2025-Jan-14

nucl 2025-Jan-14

2223 nucl 2025-Jan-14
plasmidfinder 460 nucl 2025-Jan-14
ecoli vf 2701 nucl 2025-Jan-14
resfinder 3077 nucl 2025-Jan-14

Figure 14. Databases utilized for curation of AMR genes in Linux

3.9.3. Virulence Gene Detection

Virulence-associated genes were identified using ABRicate with the VFDB database. Assembled
genome sequences of all isolates were screened with a minimum coverage of 90% and minimum
identity of 95% (Figure 15). Only high-confidence hits were retained for further analysis to
determine the virulence gene profiles of the isolates.

1 ekram@nib: ~/AMR/All_Assembly_Files

(base) H $ conda activate AMR
(AMR) : $
Using nucl database vfdb: 2597 sequences - 2025-Jan-14

Processing: NIBO@3.fasta

Found 10 genes in NIBEO3.fasta

Tip: have a suggestion for abricate? Tell me at https://github.com/tseemann/abricate/issues
Done.

Figure 15. Identification of virulence genes in isolates using ABRicate against the VFDB

database (mincov 90%, minid 95%).
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3.10. Mobilome Analysis Revealing the Presence of Mobile Genetic

Elements

Mobilome analysis was performed to identify mobile genetic elements (MGEs) associated with
horizontal gene transfer and antimicrobial resistance dissemination [236]. Mobile genetic
elements, including plasmids and insertion sequence (IS) elements, were identified using the
MOB-suite toolkit (version 3.1.9) [237], which offers an integrated approach for plasmid
reconstruction and typing (Figure 16). To begin, mob_recon v3.1.9 was used to rebuild plasmid
sequences from the assembled genomes and then IS elements were analysed by mob_typer
module of MOB-suite. PlasmidFinder [233] was used to detect plasmid replicons within the
genomic assemblies.

uite.mob_recon INFO: MOB-recon version 3.1.9 [in

Found program blastn
I

1

10:44:20,035 root INFO: Blasting repli
t /home/ekram/NIB! 3|

mob_r

eterminator” {
last_df.to ( _res i s \t', header=True, line_termin
FO: Filtering rep

| \t', header=True, line_
root INFO: Filtering rela

a against /home/ekram/
1210]

Figure 16. Executing the MOB-suite Plasmid Reconstruction Pipeline via Terminal.
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C. Wet Lab validation for ESBL

3.11. The Disk Diffusion phenotypic testing of ESBL

The phenotypic identification of ESBL production was conducted by the Disk Diffusion Test
(DDT) in compliance with CLSI guidelines (CLSI M100-Ed35). A standardized bacterial
suspension, equivalent the 0.5 McFarland standard, was inoculated onto Mueller-Hinton agar
(MHA; Oxoid, UK) plates with a sterile cotton swab to ensure uniform distribution (Figure 17).
cefotaxim (CTX, 30ug), cefotaxime-clavulanic acid (CTC, 30/10 ng), ceftazidime (CAZ, 30 ng)
and ceftazidime-clavulanic acid (CZC, 30/10 pg) discs (Biomaxima, Poland) were placed on the
agar surface with a center-to-center distance of 25-30 mm between the -lactam and B-lactam/p-
lactamase inhibitor combination discs. The plates were incubated at 35+2 °C for 16—18 hours.
According to CLSI M100-ED35:2025 guidelines, an increase of >5 mm in zone diameter for
CTC or CZC compared to CTX or CAZ alone indicated ESBL production.

i)

o /
= h ;
A | i e .'... = )
) . | - | Saneag
“7_077__;%; d 1 G

b) Measuring the optical density (OD) ¢) Using a sterile swab stick d) Placing

a) Picking bacterial ] . ’ g
colonies to prepare a 0.5 of the bacterial suspension at 600 nm  to prepare a bacterial lawn antibiotic
McFarland standard wavelength using a spectrophotometer, "on Mueller—Hinton Agar disks
suspension showing an OD value of 0.093 on the (MHA) plate.

display.

Figure 17. Preparation and standardization of bacterial inoculum for double-disc diffusion
testing, maintaining a 0.5 McFarland standard (ODsoo = 0.08-0.1), equivalent to approximately
1.5 x 10®* CFU/mL cells.
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4.1. Clinical Sample Overview

A total of 32 pediatric patients were included in the study. Among them, 56.25% (n=18) were
male, and 43.75% (n=14) were female (Table 3). The majority of the patients (53.12%, n=17)
were within the age group of 0—12 months, followed by 34.38% (n=11) aged 13—24 months, and
12.50% (n=4) aged 25-96 months. In terms of residence, 56.25% (n=18) of the participants were

from urban areas, while 43.75% (n=14) were from rural regions.

Cases of Diarrhea in 2024 in Dhaka and Lakshmipur

Lecation of Sample Collection

|
0 34970

Location Of Sample Collection

|
|
|
Diarrhoca cases in Dhaka {
b "ol
|
|
|
|
|
|
I I l :
‘ Lakshmipur
b,

Diarthoca cases in Lakshmipur

Figure 18. Geographical distribution of diarrheal cases in 2024 across Dhaka and Lakshmipur,

Bangladesh, indicating sample collection sites.

The patients were enrolled from two hospitals: 42.63% (n=13) from Lakshmipur Sadar Hospital
(Figure 18) and 59.37% (n=19) from Dhaka Shishu Hospital & Institute. Regarding clinical
status, all participants (100%, n=32) were hospitalized patients, with no outpatients included in
the study. Most of the patients had been suffering for 67 days (46.88%, n=15), followed by <5
days (37.50%, n=12) and >8 days (15.63%, n=5).
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Table 3: Demographic and Clinical Characteristics of the Pediatric Patients Enrolled in the

Study. (N=32)
Category Subcategory Count Percentage
Total Patients - 32 100.00
Sex Male 18 56.25
Female 14 43.75
Age (Months) 0-12 17 53.12
13-24 11 34.38
25-96 4 12.50
Residence Urban 18 56.25
Rural 14 43.75
Location Lakshmipur Sadar Hospital 13 42.63
Dhaka Shishu Hospital & Institute 19 59.37
Clinical Status Outpatient 0 0
Inpatient 32 100
Days of Suffering <5 12 37.50
6-7 15 46.88
>8 5 15.63

4.2. Bacterial Isolation and Preliminary Identification

From 32 pediatric stool samples, 38 bacterial isolates were obtained using MacConkey Agar
medium. Distinct colonies based on color, morphology and lactose fermentation (Figure 19)
were sub-cultured and preserved. Subculture on MacConkey agar yielded two distinct colony
types: pink, lactose-fermenting colonies and pale, non-lactose-fermenting colonies, enabling
preliminary differentiation of Enterobacteriaceae and non-fermenting pathogens (Figure 20a &

20b).
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Figure 19. Preliminary screening of Gram-negative bacteria on MacConkey agar medium.
Representative MacConkey medium culture plates showing two types of distinct colony
morphology Gram-negative bacteria isolated from diarrheal stool samples as part of the

preliminary ESBL screening.

Figure 20. Subculture on MacConkey agar showing (a) pink lactose-fermenting and (b) pale

non-lactose-fermenting colonies.
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4.3. Species-Level Identification of Clinical Isolates Using MALDI-

TOF

MALDI-TOF MS successfully identified all 38 bacterial isolates recovered from pediatric
diarrheal stool samples. Identification was based on spectral matching against the Bruker
Biotyper® reference database, with score values indicating high-confidence results (>2.0) in

most cases.

Table 4. Distribution of bacterial species identified by MALDI-TOF MS and associated confidence

Scores.

Strain Rank (Quality) Top Match Organism Score
Number Value
NIB001 ++) Plesiomonas shigelloids 2.13
NIB002 ) Providencia stuartii 1.91
NIB003 (+++) Citrobacter werkmanii 2.13
NIB006 +) Morganella morganii 1.99
NIB007 ) Enterobacter hormaechei 1.9
NIB00S (+++) Escherichia coli 2.03
NIB009 (+++) Escherichia coli 2.01
NIB0O10 (+++) Escherichia coli 2.11
NIBO11 ) Escherichia coli 1.83
NIB012 (+++) Klebsiella pneumoniae 2.33
NIB0O13 (+++) Enterobacter hormaechei 2.33
NIB014 (+++) Klebsiella pneumoniae 2.44
NIBO15 (+++) Escherichia coli 2.22
NIB016 (+++) Stutzerimonas stutzeri 2.01
NIB0O17 (+++) Acinetobacter variabilis 2.3
NIBO18 (+++) Escherichia fergusonii 2.21
NIB019 (+++) Pseudomonas aeruginosa 2.44
NIB020 (+++) Escherichia coli 2.12
NIB021 +) Escherichia coli 1.97
NIB022 (+++) Escherichia coli 2.18
NIB023 (+++) Escherichia coli 2.32
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NIB024 ++) Escherichia coli 2.27
NIB025 (+++) Proteus mirabilis 2.05
NIB026 (+++) Escherichia coli 2.16
NIB027 (++) Escherichia coli 2.13
NIB028 (+++) Pseudomonas aeruginosa 2.28
NIB029 (+++) Enterobacter chuandaensis 2.2

NIB030 (+++) Pseudomonas aeruginosa 2.18
NIBO031 (++) Escherichia coli 2.23
NIB032 ) Klebsiella pneumoniae 1.76
NIB033 (+++) Escherichia coli 2.01
NIB034 (++1) Escherichia coli 2.23
NIB035 (+++) Escherichia coli 2.11
NIB036 (+++) Escherichia coli 2.3

NIB037 (+++) Klebsiella pneumoniae 2.26
NIB039 (+++) Pseudomonas mendocina 2.1

NIB041 (+++) Proteus faecis 2.2

NIB044 (+++) Escherichia coli 221

A diverse distribution of Gram-negative organisms was observed. The most frequently identified
species was E. coli (n = 18, 44.7%), followed by K. pneumoniae (n = 4, 10.53%). Other notable

species included P. aeruginosa (n=3) and E. hormaechei (n = 2) (Figure 21).

Each isolate was assigned a rank score reflecting the quality of identification: high confidence
(+++), low confidence (+), or no organism detected (-), with the majority falling in the high
range. (Table 4). provides the full distribution of identified species, associated strain numbers,

and MALDI-TOF score values.

This initial species-level identification laid the foundation for subsequent whole genome
sequencing (WGS), resistance gene profiling, and phenotypic validation of antimicrobial

resistance traits.
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Frequency distribution of identified bacterial species n = 38

S. stutzeri (1)
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K. pneumoniae (4)
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Figure 21. Distribution of identified bacterial species using MALDI-TOF MS (n = 38).

4.4. Whole Genome Sequencing (WGS) and Assembly Metrics

Genome assembly and annotation of 38 bacterial isolates were performed using the Unicycler
assembler, which generated high-quality draft genomes ranging from 3.36 Mb to 6.63 Mb in size
(Table 6). Assembly quality metrics were evaluated using the QUAST tool, which revealed
considerable variation in the number of contigs, with P. aeruginosa having the highest (517
contigs) and M. morganii the lowest (9 contigs). The contig N50 values, indicating the length of
the shortest contig to cover 50% of the genome, ranged from 15,970 bp in P. mirabilis to
2,569,229 bp in M. morganii. GC content remained relatively consistent across isolates, ranging
from 38% to 66.25%. Genome annotation was carried out using the Prokka tool, identifying
coding DNA sequences (CDS) ranging from 3,095 in P. shigelloides to 6,056 in P. aeruginosa,
with rRNA counts between 0 and 6, tRNAs ranging from 45 to 98, and one tmRNA detected in

all isolates except P. mendocina.
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Table 6. Genome Assembly and Annotation Statistics of Bacterial Isolates Based on WGS

Analysis.
£ = g = E o0 § ° < < i
gE s 2 = 5 &8 Z ¢ Z 55
g = 7 6 ."S E S 5 @] S o = g T 2 2
@
A. variabilis NIB017 3.36 122 66949 42.01 3181 2 74 1 Homo sapiens stool
C. werkmanii NIB003 4.77 61 204028 52.07 4464 4 77 1 Homo sapiens stool
E. chuandaensis NIB029 4.73 18 672565 55.62 4376 3 74 1 Homo sapiens Stool
NIB013 4.87 58 210580 54.99 4598 4 75 1 Homo sapiens stool
E. hormaechei

NIB007 4.63 77 114007 5524 4390 5 76 1 Homo sapiens stool

NIB00S 4.54 112 103035 50.84 4216 5 78 1 Homo sapiens stool

NIB009 5.44 113 196560 50.35 5098 3 86 1 Homo sapiens stool

NIBO10 4.81 147 62674 50.9 4490 5 83 1 Homo sapiens stool

NIBO11 5.07 85 169647 50.65 4733 3 78 1 Homo sapiens stool

NIBO15 4.93 121 142889 50.71 4564 4 81 1 Homo sapiens stool

NIB020 4.54 215 69252 50.75 4216 3 45 1 Homo sapiens stool

NIB021 5.18 265 140555 50.48 4742 2 74 1 Homo sapiens stool

NIB022 5.11 93 169601 50.68 4779 3 77 1 Homo sapiens stool

NIB023 5.06 98 126956 50.5 4688 5 86 1 Homo sapiens stool

E. coli

NIB024 4.83 289 62616 50.83 4486 3 60 1 Homo sapiens stool

NIB026 4.9 222 165393 50.74 4587 3 78 1 Homo sapiens stool

NIB027 5.09 98 216715 50.62 4756 4 80 1 Homo sapiens stool

NIB031 5.21 187 159959 50.51 4869 4 80 1 Homo sapiens stool

NIB033 5.04 266 163213 50.7 4679 3 79 1 Homo sapiens stool

NIB034 4.71 172 148118 50.68 4397 4 71 1 Homo sapiens stool

NIB035 53 339 196966 50.48 4902 4 83 1 Homo sapiens stool

NIB036 5.16 256 172592 50.62 4812 3 76 1 Homo sapiens stool

NIB044 4.65 173 81140 50.75 4400 4 74 1 Homo sapiens stool

E. fergusonii NIBO18 4.54 44 516532 49.93 4220 4 80 1 Homo sapiens Stool
K. pneumoniae NIB012 5.34 143 242100 57.36 4945 6 64 1 Homo sapiens Stool
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NIBO14 5.42 63 212697 5739 5057 78 Homo sapiens Stool

NIB032 5.36 94 142775 57.42 4973 68 Homo sapiens Stool

NIB037 5.66 194 183445 57.06 5303 65 Homo sapiens Stool

M. morganii NIB006 3.7 9 2569229 51.16 3446 67 Homo sapiens Stool
P. shigelloides NIB001 3.62 64 291173 51.93 3095 98 Homo sapiens stool
Proteus faecis NIB041 3.93 45 184401 38 3450 75 Homo sapiens stool
P. mirabilis NIB025 3.89 389 15970 38.73 3394 54 Homo sapiens stool
P, stuartii NIB002 4.34 51 301266 4131 4006 69 Homo sapiens stool
NIB0O19 6.63 73 203123 65.97 6056 67 Homo sapiens stool

P, aeruginosa NIB028 6.35 213 56815 66.25 5856 70 Homo sapiens stool
NIB030 6.55 517 22629 65.75 6018 62 Homo sapiens stool

P. mendocina NIB039 5.2 25 333874 62.7 4792 59 Homo sapiens stool
S. stutzeri NIBO16 4.84 279 61330 50.84 4495 55 Homo sapiens stool

Circular genome maps were generated for all 38 isolates. A representative genome map is shown

in Figure 22, highlighting key genomic features including coding sequences, resistance genes,

and GC content. All other genome maps are provided in Supplementary Figures F13-F50.
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Figure 22. Circular representation of the whole genome of Morganella morganii (NIB006)
isolated from a pediatric diarrheal sample.

The circular genome map illustrates key genomic features including forward coding sequences
(CDS, red), reverse CDS (blue), rRNA (green), tRNA (purple), and tmRNA (orange). The inner
rings represent GC content (black) and GC skew (green/purple), which indicate nucleotide
composition bias across the genome. The genome size of M. morganii NIB006 was
approximately 3.7 Mb with a GC content of 51.16%. This graphical representation provides an
overview of the genomic architecture, distribution of functional genes, and compositional

asymmetry, serving as a representative genome map for FEnterobacteriaceae isolates

characterized in this study.
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4.5. Species Identification Based on Whole Genome Analysis Using
rMLST (PubMLST Platform)

Whole genome sequences of the isolated strains were analyzed using the rtMLST
(ribosomal Multilocus Sequence Typing) database available at PubMLST (Figure
23). This tool identifies bacterial species by comparing the 53 conserved ribosomal
protein subunit genes across genomes. The analysis confirmed accurate species-level
identification of the isolates, supporting the initial MALDI-TOF results. The rMLST-
based prediction showed high sequence similarity, validating the taxonomic

classification of each isolate.

Predicted taxa

Taxon | Support| Taxonom
SPECIES Klebsiella pneumoniae W200%N Pseudomonadota > Gammaproteobacteria > Enterobacterales > Enterobacteriaceae > Klebsiella > Klebsiella pneumoniae

Uploaded file: NIBO12 fasta

55 exact matches found.

Linked data values w

BACT000001 2180 1674 9 _length=240522 depth=0.95x 174672 176345 species: Klebsiella pneumoniae [n=16047]; Klebsiella sp. [n=85]

BACT000002 89 726 4 length=280794_depth=1.03x 32750 33475 species: Klebsiella pneumoniae [n=36632]; Klebsiella sp. [n=168]

BACT000003 63 699 31 _length=26103_depth=1.13x 20198 20896 species: Klebsiella pneumoniae [n=54931]; Klebsiella quasipneumoniae [n=1933]; Klebsiella sp.
[n=457]; Klebsiella quasivariicola [n=23]; Klebsiella africana [n=6]

BACT000004 74 621 31 length=26103_depth=1.13x 12068 12688 species: Klebsiella pneumoniae [n=54672]; Klebsiella quasipneumoniae [n=2118]; Klebsiella sp.
[n=439]; Klebsiella africana [n=6]

BACT000005 53 504 31 _length=26103_depth=1.13x 15741 16244 [INISEETITEEre species: Klebsiella pneumoniae [n=56029]; Klebsiella quasi| liae [n=769]; Kiebsiella sp.
[n=422]; Klebsiella quasivariicola [n=24]; Klebsiella africana [n=6]

BACT000006 61 396 11 length=172544_depth=1.07x 142176 142571 species: Klebsiella pneumoniae [n=56486]; Klebsiella sp. [n=406]; Klebsiella africana [n=6];
Klebsiella quasipneumoniae [n=2]; Klebsiella quasivariicola [n=1]

BACT000007 52 471 2 _length=371538 _depth=1.10x 368683 369153 species: Klebsiella pneumoniae [n=57131]; Klebsiella quasipneumoniae [n=2185]; Klebsiella sp.
[n=476]

BACT000008 44 393 31 length=26103 depth=1.13x ~ 17168 17560 [IDISEETEEEEr species: Klebsiella pneumoniae [n=57342]; Klebsiella sp. [n=412]; Klebsiella quasivariicola
[n=24]; Klebsiella africana [n=6]; Klebsiella quasipneumoniae [n=2]

BACT000009 58 393  6_length=270843_depth=1.07x 266274 266666 species: Klebsiella pneumoniae [n=54857]; Klebsiella sp. [n=390]; Klebsiella variicola [n=3];
Klebsiella quasipneumoniae [n=2]

BACT000010 54 312 31 length=26103_depth=1.13x ~ 23972 24283 species: Klebsiella pneumoniae [n=56846]; Klebsiella quasipneumoniae [n=2225]; Klebsiella sp.
[n=469]; Klebsiella quasivariicola [n=17]; Klebsiella africana [n=6]

BACT000011 38 390 31 _length=26103_depth=1.13x 12722 13111 spemes Klebsiella pneumoniae [n=57124]; Klebsiella sp. [n=407]

RACTONNN1? 54 375 7 lenath=37153R denth=110x 3687217  3ARSRA < A snecies: Klehsiella nneirmoniae In=533201" Klehsiella aasinneumoniae In=21801 Klehsiella sn

Figure 23. rMLST Analysis of Bacterial Isolates on PubMLST for species identification using WGS.

4.6. Phylogenetic Analysis of Bacterial Isolates Based on Whole-

Genome Sequences

The radial phylogenetic tree shows a clear separation of the bacterial isolates into distinct,
species-specific clades (Figure 24). A large cluster of E. coli isolates forms a tight, cohesive
group with short branch lengths, indicating high genetic similarity. Nearby but separate,

Enterobacter species form their own clade, showing moderate divergence from E. coli while
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remaining within the Enterobacteriaceae. K. pneumoniae isolates also cluster closely together
and are clearly separated from both Escherichia and Enterobacter. In contrast, Pseudomonas
aeruginosa forms an independent and genetically distant lineage, consistent with its divergence
from Enterobacteriaceae within the Gammaproteobacteria. Additional species, including
Pseudomonas mendocina, Acinetobacter variabilis, Morganella morganii, Proteus mirabilis, and
Plesiomonas shigelloides, appear as isolated branches with longer branch lengths, indicating
greater evolutionary distance. Overall, the tree demonstrates strong clustering within species and

clear separation between genera, confirming robust phylogenetic relationships among the

1solates.
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Figure 24. Circular phylogenetic tree illustrating the evolutionary relationship among 38

bacterial isolates recovered from pediatric diarrheal samples based on whole-genome sequence
analysis.
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4.7. Antimicrobial Resistance (AMR) Gene Profiling

Whole-genome-based antimicrobial resistance (AMR) gene screening of 38 diarrheal bacterial
isolates revealed a diverse array of resistance determinants across multiple antibiotic classes
(Figure 25). Using ABRicate v1.0.1 with the ResFinder database (minid >95%, mincov >90%),
a total of 65 distinct AMR genes were identified, indicating a high prevalence of multidrug
resistance among the isolates. AMR genes were also detected from other databases (CARD,
NCBI, ARGANNOT and Megares), which are given in Supplementary Table S2. The detected
genes were distributed among resistance categories for [-lactams, aminoglycosides,
fluoroquinolones, sulfonamides, tetracyclines, macrolides, fosfomycin, phenicols, trimethoprim,

and miscellaneous.

Among these, the most clinically significant findings were the B-lactamase—encoding genes
associated with extended-spectrum [-lactamase (ESBL) activity. The blactx-m-15, blatem-is,
blasuv-11, blaoxa-1, blaoxa-10, and blapua-1 genes were frequently identified, particularly in E. coli
and K. pneumoniae isolates. Notably, K. pneumoniae isolates (NIB012, NIB014, NIB032,
NIB037) exhibited multiple ESBL determinants such as blaSHV, blaTEM, and blaOXA families,
which are well known for conferring resistance to third-generation cephalosporins. Similarly, E.
coli isolates harbored blacrx-m-1s and blatem 1B, consistent with global patterns of ESBL-
mediated resistance. The presence of blanpm.s, a carbapenemase gene, was also observed in
certain isolates, indicating the possible emergence of carbapenem resistance within the sample

population.

Beyond B-lactam resistance, several aminoglycoside-modifying enzymes (AMEs) such as aac(3)-
ITa, aac(6')-Ib, aadA2, and aph(3')-IIb were detected, suggesting a broad resistance profile to
aminoglycosides. Fluoroquinolone resistance genes, including qnrA1l, qnrB, qnrS1, and ogxA/B
were also widely distributed, indicating potential plasmid-mediated quinolone resistance.
Sulfonamide (sull, sul2, sul3) and tetracycline [tet(A), tet(B)] resistance determinants were
commonly identified across both Enterobacteriaceae and non-fermenter groups, emphasizing

multidrug resistance dissemination.
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diarrheal bacterial isolates identified by ABRicate using the ResFinder database.
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Figure 25. Heatmap showing the distribution of antimicrobial resistance (AMR) genes among 38

The heatmap representation visualized the distribution and co-occurrence of these resistance

genes among the 38 isolates, showing clustering of E. coli and K. pneumoniae based on shared

ESBL and efflux pump—associated genes. In contrast, non-fermenters such as P. aeruginosa
(NIB019, NIB028, NIB030) and A. variabilis (NIBO17) displayed species-specific resistance

determinants including blaoxa-so and catB variants. Collectively, these findings highlight the

widespread presence of ESBL-producing isolates in diarrheal stool samples and underline the

genomic evidence of horizontally transferable resistance mechanisms in both enteric and

opportunistic pathogens.
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4.8. Extended-Spectrum B-Lactamase (ESBL) Genes

Detection of ESBL genes was performed utilizing multiple resistance gene databases, including
CARD, ResFinder, NCBI AMR, and ARG-ANNOT. Among the 38 isolates, 21 were found to
harbor ESBL-associated genes, with blacrx-m-15 being the most prevalent. Other detected ESBL
genes included blasyy variants (e.g., blasuv-11, blasuv-10s, blasuv-110, blasuv-1ss, blasuv-1s2) and
blaTEM variants (e.g., blarem-105, blarem-176, blaresm-135) (Table 5). Several isolates harbored
multiple ESBL genes concurrently. It is noteworthy that while some isolates carried blarem.1,
this gene alone is not classified as an ESBL-producing gene and was therefore not considered in

the ESBL-positive count Supplementary Table S2 [238].

Table 5: Summary of detected ESBL genes in each isolate based on ABRicate results across
multiple databases.

Strain Number Organism ESBLs Gene
NIB008 E. coli blarem-13s, blarem-10s
NIB009 E. coli blacrx-m-15
NIBO11 E. coli blacrx-m-15
NIB012 K. pneumoniae blasuy-106, blacrx-m-15,

blarem-10s
NIBO13 E. hormaechei blacrx-m-15
NIBO14 K. pneumoniae blacrx-m-15, blasnv-1ss,
blarem-10s, blasny-1s2
NIBO15 E. coli blacrx-m-15
NIBO18 E. fergusonii blarem-105
NIB020 E. coli blarem-176
NIB021 E. coli blarem-10s
NIB022 E. coli blacrx-m-15
NIB026 E. coli blacrx-m-15
NIB027 E. coli blacrx-m-1s
NIB029 E. chuandaensis blacrx-m-15
NIBO031 E. coli blacrx-m-15
NIB032 K. pneumoniae blasuv-110
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NIB033 E. coli blacrx-m-15
NIBO035 E. coli blacrx-m-15, blarem-105

NIB036 E. coli blacrx-m-15
NIB037 K. pneumoniae blacrx-m-15, blasuy-11,
blasuv.iss, blasuv-1s2,

blarem-105

NIB044 E. coli blacrx-m-15

The distribution of ESBL type gene variants for E. coli, K. pneumoniae, E. hormaechei, E.
fergusonii, and E. chuandaensis was analyzed (Table 6). These bacteria were found from a total
of 21 genotypically positive ESBL-E isolates. 16 of these isolates tested positive for the gene
variant, blacrx-m-15 (16/21, 76.19%); most of them belonged to Escherichia coli (11/14, 78.57%).
The blacrx-m-15 gene variant distribution for the remaining 3 isolates are as follows, 3 (75%) in K.
pneumoniae, 1 (100%) in E. hormaechei, and 1 (100%) in E. chuandaensis. Variants of the
blarem gene were also prevalent (6/21, 28.57%); as blarem-10s was detected in the E. coli isolates
(2/14, 14.28%), K. pneumoniae (3/4, 75%) isolates and E. fergusonii (1/1, 100%) isolates. Other
variants of blarem such as, blarem.13s and blarea.176, were also found in E. coli, but their
distribution rates were lower (7.14% in each). It's worth mentioning that blazeas.;0s was the most
widespread variant of the blarey family in E. coli and K. pneumoniae. All the gene variants of
blasuyy such as, blasuy-11, blasuv-i0s, blasuv-110, blasuy-15s and blaswy-1s2, were exclusively detected
in K. pneumoniae. Notably, blasuy.1ss and blasuy-1s2 were the most prevalent, each present in 50%
of the K. pneumoniae isolates, while blasuy.11, blasuv-10s, and blasuv.110 were found at a lower

frequency of 25% each.

Table 6. Distribution of ESBLs genes among 21 ESBL-E isolates from diarrheal stool sample.
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ESBL type Gene variant E.coli(n= K. pneumoniae E. E. E. Total (n =21)
14)*b (n =4)*b hormaechei  fergusonii  chuandaensis
(n= l)a,b (n =1)a,b (n =1))a,b

blacrx-m blacrx-m.1s 11 (78.57) 3(75) 1 (100) 0 1 (100) 16 (76.19)

blarem blatem-105 2 (14.28) 3(75) 0 1 (100) 0 6 (28.57)
blarem-13s 1(7.14) 0 0 0 0 1 (4.76)
blarem-176 1(7.14) 0 0 0 0 1 (4.76)

blasuy blasuy-1ss 0 2 (50) 0 0 0 2(9.52)
blasuy-1s2 0 2 (50) 0 0 0 2(9.52)
blasuy-11 0 1(25) 0 0 0 1 (4.76)
blasuv-106 0 1(25) 0 0 0 1 (4.76)
blasuy-110 0 1(25) 0 0 0 1(4.76)

*The number of isolates (Percentages) is represented

"Some isolates have multiple resistance genes, so the total number
of isolates is not simply the sum of the values in each column.

Among the 32 pediatric patients included in this study, ESBL genes were detected in 16 patients
(50%), while the remaining 16 patients (50%) carried isolates without any identifiable ESBL
genes (Figure 26). This equal distribution highlights the heterogeneous nature of ESBL-
mediated resistance within the study population and indicates that both ESBL-producing and

non-ESBL-producing Enterobacteriaceae were associated with pediatric diarrheal cases.

ESBLS GENE FOUND IN PEDIATRIC PATIENTS

ESBLs Gene
Present
50%

ESBLs Gene
Absent
50%

Figure 26. The rate of ESBLs gene absent and present from total 32 pediatric diarrheal patients.
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4.9. Virulence Gene Profile Heatmap

The distribution of virulence genes varied considerably among the isolates analyzed. A
collective total of 338 virulence genes were detected across in 25 isolates (Supplementary
Table S3). Key virulence factors identified included genes associated with adhesion (e.g.,
fimbriae), iron acquisition (siderophores), toxin production, and biofilm formation. Some
isolates possessed a diverse complement of virulence genes, indicating a high pathogenic
potential, while others harbored fewer virulence determinants. This heterogeneity reflects varied
infection strategies and potential clinical outcomes. A heatmap was generated to visualize the
distribution of virulence-associated genes of those bacterial isolates (E. coli, K. pneumoniae, P.
aeruginosa, S. stutzeri, and E. fergusonii), categorized into 10 functional categories (Figure 27).
The color intensity in the heatmap corresponds to the number of genes identified in each

functional category per isolate.

The analysis revealed distinct virulence gene profiles among the isolates. P. aeruginosa strains
(NIB019, NIB028, NIB030) exhibited the most diverse and abundant virulence gene repertoire,
with high counts across nearly all categories, particularly in Motility and Chemotaxis, Capsule,
LPS, and Biofilm Formation, Type III and Type VI Secretion Systems, and Type IV Pili. In
contrast, most E. coli and other isolates showed a more restricted profile, with dominant

representation in Iron Uptake & Metabolism, Adhesion, and Colonization Factors.

Notably, isolates such as NIB014 and NIB037 (K. pneumoniae) and NIBO18 (E. fergusonii)
displayed minimal virulence gene counts, with genes almost exclusively limited to iron
acquisition systems. Several E. coli isolates (e.g., NIBO11, NIB022, NIB027, NIB033, NIB036)
also carried genes associated with adhesion and iron uptake, but lacked most secretion system

components and toxin genes.

These findings highlight significant interspecies and intraspecies variation in virulence gene
content, suggesting adaptations to specific pathogenic niches and mechanisms of host

interaction.
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Figure 27. Heatmap of Virulence-Associated Gene Distribution across Bacterial Isolates.
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4.10. Plasmid Replicon Diversity and ESBL Gene Dissemination

A total of 38 Enterobacteriaceae and related isolates (species: E. coli, K. pneumoniae, E.
hormaechei, E. fergusonii, S. stutzeri, and P. faecis) were screened for plasmid replicon types
using the PlasmidFinder database and found plasmids in 25 isolates. The plasmid analysis
revealed a diverse range of incompatibility (Inc) groups, predominantly belonging to IncF, Incl,
IncHI, IncX, IncB/O/K/Z, IncR, and multiple Col-type plasmids (Table 4). These plasmid
families are well known for their ability to acquire and disseminate antimicrobial resistance

genes, particularly ESBLs, across Enterobacteriaceae populations [23], [239].

Among E. coli isolates, the IncF family [IncFIA, IncFIB(AP001918), IncFII, and
IncFII(pRSB107)] was the most frequently detected replicon type. These plasmids are well
known for carrying blaCTX-M-15, which aligns with global dissemination patterns. Several
isolates also harbored the pO111-type plasmid, while IncX1 and Incll Alpha were additionally

detected in a few E. coli strains.

In K. pneumoniae, plasmids belonging to IncFIB(K) and IncR, along with accessory Col
plasmids such as ColKP3 and Col(BS512), were identified. E. hormaechei carried a combination
of IncHI1A, IncHI1B(R27), and IncR, which are large, conjugative plasmids associated with
MDR spread.

Overall, blaCTX-M-15 was the most prevalent ESBL gene, frequently co-occurring with IncF
plasmids. Additionally, several isolates carried blaTEM variants (e.g., TEM-105, TEM-106,
TEM-135, TEM-176) and blaSHV variants (e.g., SHV-106, SHV-110, SHV-158, SHV-182).
Notably, five isolates lacked ESBL genes despite harboring plasmid replicons, indicating the

presence of non-ESBL plasmids or plasmids associated with other functional traits.
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Table 12. Plasmid Replicon Types and ESBL Genes detected among clinical isolates.

Strain Species Plasmid Replicon(s) ESBLs genes Detected in same Isolate
ID
NIB008  E. coli pO111 1 blaTEM-135, blaTEM-106
NIB009  E. coli IncY_1, IncFIB(AP001918)_1, IncFIA_1, blaCTX-M-15
IncFII(pRSB107) 1_pRSB107
NIB010  E. coli IncFII(pRSB107) 1 _pRSB107, IncFII 1 No ESBLs gene
NIBO11  E. coli IncFIB(AP001918) 1, IncFIA 1 blaCTX-M-15
NIB012 K IncFIB(K)_1_Kpn3 blaSHV-106, blaCTX-M-15, blaTEM-105
pneumoniae
NIB0O13 E. IncHI1A 1, IncHI1B(R27) 1 _R27, IncR_1, ColpVC_1 blaCTX-M-15
hormaechei
NIB014 K. IncFIB(pQil) 1 pQil, IncFII 1, ColpVC 1 blaCTX-M-15, blaSHV-158, blaTEM-105,
pneumoniae blaSHV-182
NIBO15  E. coli IncFIB(AP001918) 1, IncI1_1_Alpha, IncFIA_1, Coll156_1, blaCTX-M-15
Col(BS512) 1, Col(BS512) 1 NC 010656 _dupe
NIBO16 8. stutzeri IncFII(pRSB107) 1 _pRSB107, IncFII 1 No ESBLs gene
NIB018  E. fergusonii  p0111 1 blaTEM-105
NIB020 E. coli IncX1 1 blaTEM-176
NIB021  E. coli Incll 1 Alpha blaTEM-105
NIB022  E. coli IncFIB(AP001918) 1, IncFIA_1, IncFII_1 blaCTX-M-15
NIB023  E. coli IncFII(pRSB107) 1 _pRSB107, IncFIB(AP001918) 1 No ESBLs gene
NIB024  E. coli IncFII(pRSB107)_1_pRSB107, IncFII_1 No ESBLs gene
NIB027  E. coli IncI2_1, IncFIA_1, IncFIB(AP001918)_1, IncFII_1 blaCTX-M-15
NIB031 E. coli p0111 1, IncB/O/K/Z 1, IncFIB(AP001918) 1, blaCTX-M-15
IncFII(pRSB107) 1 pRSB107
NIB032 K. IncFIB(K)_1 Kpn3 blaSHV-110
pneumoniae
NIB033  E. coli IncFIB(AP001918) 1, Col156_1, IncFIA 1, blaCTX-M-15
IncFII(pRSB107) 1 pRSB107
NIB034 E. coli pO111 1 No ESBLs gene
NIB035  E. coli IncFIA_1, IncFIB(AP001918) 1, IncFII(pRSB107)_1_pRSB107  blaCTX-M-15, blaTEM-105
NIB036 E. coli IncFIA_1, IncFIB(AP001918) 1, IncFII 1 blaCTX-M-15
NIB037 K IncR_1, IncFIB(K)_1_Kpn3, IncFII_1, ColKP3_1, blaCTX-M-15, blaSHV-11, blaSHV-158,
pneumoniae  Col(BS512) 1, Col(BS512) 1 NC 010656 dupe blaSHV-182, blaTEM-105
NIB041 P, faecis Col3M 1 No ESBLs gene
NIB044  E. coli IncFIB(AP001918) 1, IncFII(pRSB107) 1 pRSB107,IncFII 1  blaCTX-M-15

4.11. Mobile Genetic Elements Profiling and Clustering Analysis

A clustered heatmap was generated to examine the distribution of mobile genetic elements across

the 36 isolates, using MOB-suite (MobTyper) IS family counts with hierarchical clustering

(Ward’s linkage, Euclidean distance). The heatmap displays absolute counts of 24 IS families and

reveals pronounced heterogeneity in MGE content (Figure 28).
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Overall, ISEc, IS, and ISKpn were the most common IS families, though their abundance varied
widely. Isolates NIB031, NIBO11, NIBO15, NIB021, NIB022, and NIB027 exhibited high ISEc
copy numbers (7 copies), suggesting elevated genomic plasticity and potential roles in AMR
gene mobilization. In contrast, a cluster of isolates (NIB003, NIB006, NIB007, NIB025,
NIB028, NIB029) showed very low IS content, indicating comparatively stable genomes.

Several isolates carried lineage-specific IS families. NIBO17 uniquely harbored ISAba (12
copies), ISAha (4), ISAjo (1), and ISAlw (1), representing a distinct MGE signature. NIB002
exclusively contained ISYal, suggesting unique evolutionary origins. NIB037 displayed a high
ISKpn burden (6 copies).

Across the dataset, ISEc was the most widespread family (21/36 isolates, 58.33%), followed by
ISKpn (15 isolates), ISCro (11), ISSen (11), and ISEcp. Their co-occurrence in multiple isolates

suggests shared reservoirs or coordinated mobilization pathways.

Clustering identified a high-MGE-content group (e.g., NIB037, NIB012, NIB014, NIB013)
enriched for ISEc, IS, ISKpn, and occasional rare IS families, indicating elevated genomic
rearrangement potential. In contrast, a low-MGE-content group (NIB002, NIB007, NIB024,
NIB025, NIB029, NIB006, NIB003, NIB028) exhibited minimal insertion sequences.

Overall, the clustering highlights both common and isolate-specific IS profiles, reflecting
ongoing evolutionary diversification and suggesting that high-copy IS elements in selected

isolates may be driven by selective pressures such as antibiotic exposure.
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Figure 28. Hierarchical Clustering of Clinical Isolates Based on the Abundance and Diversity of

Mobile Genetic Elements (Insertion Sequence Families)

4.12. Distinct IS Family Co-occurrence Modules Reveal

Heterogeneous MGE Patterns Across Clinical Isolates

The correlation analysis of IS families showed that most insertion sequences were distributed
independently across isolates, with only weak or negligible associations. Even so, a few small
clusters of strongly correlated IS families stood out, hinting at specific genetic linkages. The
tightest cluster, ISAha, ISAjo, and ISAlw, displayed almost perfect positive correlations, mainly
because they appeared together in high copy numbers within a single isolate (NIB014) (Figure
29). Moderate correlations among the ISEc, ISEcp, and ISEcl families suggested they frequently
occur together across multiple isolates, while ISKpn also showed positive associations with

several IS families, consistent with its typical presence on plasmids. A smaller grouping among
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ISP family elements (ISPpu, ISPst, ISPsy) was also noticeable. Since many IS families were rare,

some strong correlations likely reflect the influence of only a few isolates. Notably, the clusters

involving ISEcp and ISKpn, both well-known for mobilizing antimicrobial resistance genes,

highlight their potential role in spreading MGEs that may carry resistance determinants.
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4.13. Phenotypic Confirmation of ESBL Production Following CLSI

Guidelines

Phenotypic detection of ESBL production was performed using the Disc Diffusion Test (DDT)
(Figure 30). This method evaluates the enhancement of inhibition zones for cephalosporin-
clavulanic acid combinations such as cefotaxime-clavulanic acid (CTC, 30/10 pg) and
ceftazidime-clavulanic acid (CZC, 30/10 pg), compared to cephalosporin alone (cefotaxime
[CTX, 30 pg] and ceftazidime [CAZ, 30 pg]). Based on CLSI M100-ED35:2025 guidelines, an
increase of >S5 mm in zone diameter for CTC or CZC compared to CTX or CAZ alone was

interpreted as phenotypic ESBL production.

1".
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\
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Figure 30. Image of representative DDST plate confirming ESBL (a) positive E. coli (NIB036)
and (b) negative Enterobacter hormaechei (NIB007) distribution

Table 7. Phenotypic Detection of ESBL Production via Disc Diffusion Test (DDT) Based on
Zone Diameter Differences Between Cephalosporin and Cephalosporin-Clavulanic Acid
Combinations of Genotypically positive isolates.

Strain Organism Cefotaxim Cefotaxime-Clavulanic Ceftazidime Ceftazidime-Clavulanic (CTC - (czc-
Number (CTX, 30pg) acid (CTC, 30/10 pg) (CAZ, 30pg) acid (CTC, 30/10 pg) CTX) CAZ)
(mm) (mm) (mm) (mm) (mm) (mm)
NIB008 E. coli 30 30 30 30 0 0
NIB009 E. coli 0 28 14 27 28 13
NIBO11 E. coli 0 25 15 23 25 8
NIBO12 K. pneumoniae 9 28 16 25 19 9
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NIBO13 E. hormaechei 7 22 13 19 15 6
NIB014 K. pneumoniae 0 7 0 7 7 7
NIBO15 E. coli 0 7 0 8 7 8
NIBO18 E. fergusonii 24 27 24 26 3 2
NIB020 E. coli 30 31 27 27 1 0
NIB021 E. coli 28 28 25 26 0 1
NIB022 E. coli 0 30 17 23 30 6
NIB026 E. coli 25 26 21 23 1 2
NIB027 E. coli 0 23 16 27 23 11
NIB029 E. chuandaensis 10 27 17 27 17 10
NIB031 E. coli 0 25 16 25 25 9
NIB032 K. pneumoniae 25 25 26 26 0 0
NIB033 E. coli 0 23 19 23 23 4
NIB035 E. coli 0 26 15 24 26 9
NIB036 E. coli 7 30 15 27 23 12
NIB037 K. pneumoniae 0 0 0 0 0 0
NIB044 E. coli 9 26 14 23 17 9

The zone diameter measurements of genotypically positive 21 isolates tested revealed notable
differences in inhibition zones. Among them, several isolates showed significant increases in
inhibition zones for CTC and CZC compared to CTX and CAZ, respectively, with differences
reaching up to 30 mm (Table 7). This suggests phenotypic ESBL activity. For instance, isolate
NIB022 (E. coli) showed a 30 mm increase in the CTC-CTX comparison, while isolate NIB009
(E. coli) showed a 28 mm increase. Conversely, a few isolates (e.g., NIB0O08, NIB032, and
NIB037) showed no significant change (0 mm difference), indicating a negative ESBL
phenotype.

Table 8: Phenotypic Detection of ESBL Production via Disc Diffusion Test (DDT) Based on
Zone Diameter Differences Between Cephalosporin and Cephalosporin-Clavulanic Acid
Combinations of Control (Genotypically negative isolates).

Strain Organism Cefotaxim Cefotaxime-Clavulanic | Ceftazidime Ceftazidime-Clavulanic (CTC - (czCc -
Number (CTX, 30pg) acid (CTC, 30/10 pg) (CAZ, 30ug) acid (CTC, 30/10 pg) CTX) (mm) | CAZ) (mm)
(mm) (mm) (mm) (mm)
NIB001 P, shigelloids 26 27 24 24 1 0
NIB002 P._stuartii 24 28 22 23 4 1
NIB003 C. werkmanii 29 30 27 27 1 0
NIB006 M. morganii 35 35 29 30 0 1
NIB007 E. hormaechei 23 23 21 21 0 0
NIB010 E. coli 26 27 22 22 1 0
NIBO16 S. stutzeri 32 36 41 42 4 1
NIBO17 A. variabilis 26 29 26 30 3 4
NIB019 P._aeruginosa 17 19 25 27 2 2
NIB023 E. coli 24 25 21 21 1 0
NIB024 E. coli 25 28 21 23 3 2
NIB025 P._mirabilis 34 34 30 30 0 0
NIB028 P._aeruginosa 16 20 23 24 4 1
NIB030 P._aeruginosa 18 21 27 27 3 0
NIB034 E. coli 10 26 19 24 16 5
NIB039 P._mendocina 20 23 23 23 3 0
NIB041 P, faecis 34 34 30 30 0 0
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Results for 17 control isolates showed that most exhibited minimal differences in zone diameters
between cephalosporins and their respective clavulanic acid combinations, typically less than 5
mm (Table 8). This pattern suggests an absence of ESBL activity. However, a few exceptions
were observed, for instance, isolate NIB034 (E. coli) showed a 16 mm increase between CTC
and CTX and 5 mm between CZC and CAZ, indicating a positive ESBL-like response. Such
results may arise due to factors like overexpression of other B-lactamases or cell wall
permeability alterations.

Together, these results highlight the utility of DDT in identifying potential ESBL producers
based on measurable differences in zone diameters on disc diffusion assays.

4.14. Genotype-Phenotype Correlation of ESBL detection

Table 9. Comparison of Genotypic and Phenotypic ESBL Detection in Pediatric Diarrheal Bacterial
Isolates

Slilr(:?l Sailll)ple Nslfll:ll)lcler Organism ESBLs Gene ans(?t;pe Phlzlsul);tl)jpe
1 H-11 NIBOO1 | P shigelloids =~ No ESBL gene detected =~ Negative = Negative
2 12 NIB002 P. stuartii No ESBL gene detected Negative =~ Negative
3 J4 NIB003  C. werkmanii  No ESBL gene detected Negative = Negative
4 73 NIB006 =~ M. morganii No ESBL gene detected Negative = Negative
5 76 NIB007 E. hormaechei  No ESBL gene detected Negative = Negative
6 G4 NIB008 E. coli blarem-13s, blatem-106 Positive =~ Negative
7 H2 NIB009 E. coli blacrx-m-15 Positive Positive
8 C7 NIBO10 E. coli No ESBL gene detected ~ Negative = Negative
9 1 NIBO11 E. coli blacrx-m-15 Positive Positive
10 I8 NIBO12 pneuioniae blaSHVI;IIZ’Tfni‘.lIZX-M-H’ Positive Positive
11 17 NIBO13  E. hormaechei blacrx-m-15 Positive Positive

K. blacrx-m-15, blasny-1ss,
12 16 NIBO14 pneumoniae blarem-10s, blasuy-1s2 Positive Positive
13 22 NIBO015 E. coli blacrx-m-15 Positive Positive
14 R6 NIBO16 S. stutzeri No ESBL gene detected ~ Negative = Negative
15 E2 NIBO17 = A. variabilis No ESBL gene detected ~ Negative = Negative
16 P6 NIB018  E. fergusonii blarem-10s Positive =~ Negative
17 24 NIBO19 P aeruginosa  No ESBL gene detected =~ Negative = Negative
18 D1 NIB020 E. coli blatem-176 Positive Negative
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19 12 NIB021 E. coli blarem-10s Positive =~ Negative
20 4 NIB022 E. coli blacrx-m-1s Positive Positive
21 25 NIB023 E. coli No ESBL gene detected ~ Negative = Negative
22 C2 NIB024 E. coli No ESBL gene detected Negative = Negative
23 75 NIB025 P. mirabilis No ESBL gene detected Negative = Negative
24 J3 NIB026 E. coli blacrx-m-15 Positive =~ Negative
25 NIB027 E. coli blacrx-m-15 Positive Positive
26 NIB028 P aeruginosa  No ESBL gene detected Negative = Negative
E.
27 2 NIB029 chuandaensis blacrxm-1s Positive Positive
28 23 NIB030 P aeruginosa  No ESBL gene detected =~ Negative = Negative
29 Al NIB031 E. coli blacrx-m-1s Positive Positive
30 3 NIBO32 pneunK1‘0niae blastiy.i0 Positive Negative
31 Q5 NIB033 E. coli blacrx-m-15 Positive Positive
32 9 NIB034 E. coli No ESBL gene detected ~ Negative Positive
33 M2 NIB035 E. coli blacrx-m-15, blarem-10s Positive Positive
34 5 NIBO036 E. coli blacrx-m-15 Positive Positive
35 21 NIBO37 pneunK1‘0niae bl;l;f)z;fl;;fszszzlr;;j‘jsofl/ Positive Negative
36 shig NIB039 P mendocina ~ No ESBL gene detected Negative  Negative
37 S5 NIB041 P. faecis No ESBL gene detected Negative  Negative
38 R4 NIB044 E. coli blacrx-m-15 Positive Positive

A total of 38 bacterial isolates were subjected to genotypic and phenotypic analysis for extended-
spectrum B-lactamase (ESBL) production. Genotypic screening using Abricate and curated
resistance gene databases revealed that 21 isolates (55.3%) (Table 10) harbored ESBL-
associated genes such as blacrx-um-1s, blasuv-1ss, blarem-10s, and blasuy-1s2 (Table 9). The remaining
17 isolates (44.7%) did not carry any detectable ESBL genes (genotypically negative). In

contrast, Fifteen isolates (39.5%) were phenotypically positive, while 23 (60.5%) were negative.

Comparison of genotypic and phenotypic findings showed that 14 isolates were both
genotypically and phenotypically (wet lab validation) positive, confirming ESBL production.
However, 7 isolates were genotypically positive but phenotypically negative (false negative)
(Table 10). Among them, one notable case was a K. pneumoniae (Strain Number: NIB037)

isolate carrying multiple ESBL genes (blacrx-m-15, blarem-105, and blasuv-158), yet it exhibited
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complete resistance with no inhibition zone (0 mm) for CTX, CTC, CAZ, or CZC (Table 7).
This failed to meet the >5 mm increase threshold required for phenotypic confirmation, leading
to a false-negative result in the phenotypic test. It suggests high-level resistance possibly due to
co-existing carbapenemases (blanpus, blaoxa-232, blaoxa-1s1) and other resistance determinants

(e.g., rmtF, ogxAB, fosA6), which can mask ESBL activity in phenotypic tests.

In contrast, one E. coli isolate (strain NIB034) demonstrated an ESBL-positive phenotype (false
positive), although no known ESBL genes were detected through WGS. This discrepancy may be
attributed to the hyperproduction of non-ESBL [-lactamases, alterations in outer membrane
permeability (CLSI M100 ED35:2025), the presence of novel or uncharacterized ESBL variants,

or limitations within current resistance gene databases.

Overall, the concordance between genotypic and phenotypic methods was moderate,
underscoring the limitations of phenotypic detection particularly in isolates with complex
resistance mechanisms such as AmpC [-lactamase coproduction, carbapenemase presence, or

porin loss.

Table 10. Summary of genotypic and phenotypic ESBL detection among 38 isolates.

Result Type Number of Isolates
Genotypically Positive 21
Genotypically Negative 17
Phenotypically Positive 15
Phenotypically Negative 23
Genotype & Phenotype Positive 14
Genotype Positive, Phenotype Negative 7
Genotype Negative, Phenotype Positive 1
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4.15. Concordance Between Genotypic and Phenotypic ESBL

Detection

The comparison of ESBL detection methods across 38 bacterial isolates demonstrated 78.95%
overall concordance (30/38), with 36.84% (14/38) positive agreement (both genotype and
phenotype positive) and 42.10% (16/38) negative agreement (both methods negative) (Table 11).
Discordant results were observed in 21.05% (8/38) of isolates, predominantly as genotype-
positive/phenotype-negative cases (18.42%, 7/38), possibly due to underexpressed genes or
phenotypic assay limitations. A single isolate (2.63%, 1/38) displayed phenotypically ESBL
positive without the presence of ESBL genes in WGS data. The frequent detection of blacrx-m-
151n concordant positives underscores its clinical relevance. These findings underscore the
importance of integrating whole genome sequencing (WGS) with phenotypic methods for

accurate ESBL detection, while emphasizing the urgent need to curb the spread of ESBL genes.

Table 11. Analytical Summary of ESBL Detection Methods in Pediatric Diarrheal Isolates

(n=38)

Category Number of Isolates | Percentage (%)
Agreement (Total Concordance) 30 78.95

True Positive (TP) = Genotype +, Phenotype + 14 36.84

True Negative (TN) = Genotype —, Phenotype — 16 42.10
Disagreement (Total Discordance) 8 21.05

Genotype+/Phenotype- (FN) 7 18.42

Genotype-/Phenotype+ (FP) 1 2.63

Concordance Formula:
TP+TN

Concordance = ——————
Total isolates(n)

Sensitivity (Genotype predicting Phenotype):

oo .. TP 14 _
Sensitivity = Ty = 1o 100% = 66.67%
oo TN 16 o) _ 0
Specificity TN = T 100% = 94.12%
Positive Predictive Value (PPV) = = 2 % 100% = 93.3%
TP+FP ~ 14+1
TN 16

Negative Predictive Value (NPV) = X 100% = 72.73%

TN+FN ~ 16+6

72 |Page




Discussion

Chapter 5

Discussion

73| Page



Discussion

Diarrhoea is defined as the passage of three or more loose or liquid stools per day, excluding
frequent formed stools or the naturally loose stools of breastfed infants. It remains a major global
health concern, ranking as the third leading cause of death among children aged 1-59 months.
The World Health Organization (WHO) estimates that every year, diarrhoea causes
approximately 443,832 deaths in children under five, along with 50,851 deaths among children
aged 5-9 years, and accounts for nearly 1.7 billion childhood cases worldwide [240]. Although
preventable and treatable, diarrhoeal disease continues to contribute significantly to childhood
malnutrition [241]. While dehydration was once the primary cause of diarrhoea-related mortality,

septic bacterial infections are now increasingly responsible for severe outcomes [242].

Antimicrobial resistance (AMR) has emerged as a major global concern in the 21st century due
to the rapid rise in AMR infection rates and the limited development of new antimicrobial agents
[243]. ESBL-E represent a significant part of this AMR threat and have become a global issue,
increasing in prevalence across many countries since their first detection in 1983 [12], [13].
ESBLs represent the most significant resistance mechanism against PB-lactam antibiotics in
Enterobacteriales. According to the CLSI, ESBL testing is primarily useful for epidemiological
studies and infection prevention involving E. coli, K. pneumoniae, and P. mirabilis. ESBLs are
diverse, plasmid-mediated enzymes capable of hydrolyzing nearly all B-lactam antibiotics, with
the exception of cephamycins and carbapenems [238]. According to the World Health
Organization’s priority list for antibiotic research and development, ESBL-E is ranked as the

most critical pathogen [244].

Previous studies have highlighted the rapid global expansion of ESBL-producing
Enterobacteriaceae, particularly the dominance of CTX-M-type enzymes [245], [246], [247],
[248]. Canton et al. (2008b) [249] reported that CTX-M ESBLs have replaced the earlier TEM
and SHV families and are now the most prevalent worldwide, largely due to their association
with mobile genetic elements and epidemic plasmids [250], [251], [252]. Similarly, Bevan et al.
(2017) suggested that plasmid-mediated blaCTX-M-15 has become the most widely disseminated
ESBL variant, contributing substantially to community and hospital infections in South Asia
[14]. In another genomic investigation, Stoesser et al. (2016) demonstrated that ESBL genes,
particularly blaCTX-M, frequently co-occur with other AMR determinants and virulence factors

on transferable plasmids, accelerating both pathogenicity and resistance spread [253].
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Comparable findings have been reported in Bangladesh. Souverein et al. (2017) documented
widespread circulation of blaCTX-M-15, blaTEM, and blaSHV among clinical E. coli and K.
pneumoniae [85]. A recent study by Rahman et al. (2025) [254] reported high levels of
multidrug-resistant ESBL-producing E. coli in animals, while M. S. Hossain et al. (2021) [255]
identified ESBL genes in E. coli from faecal sludge treatment plants in Rohingya camps.
However, ESBL-producing Enterobacteriaceae in pediatric diarrheal patients, together with
virulence gene profiling and mobilome characterization, remain largely unexplored in

Bangladesh.

To address this issue, the present study combined whole genome sequencing, ESBL gene
identification, virulence profiling, plasmid identification, and phenotypic ESBL testing to
provide a more comprehensive picture of ESBL-producing Enterobacteriaceae in pediatric
diarrheal cases. This study systematically assessed ESBL production among clinical isolates
through complementary genotypic and phenotypic approaches, revealing several critical insights

into resistance mechanisms and their implications.
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Genotypic screening using WGS identified ESBL-related genes in 55.3% (21/38) of isolates,
with blaCTX-M-15 emerging as the predominant ESBL variant detected in 76.19% (16/21) of
positive isolates, primarily in E. coli (78.57%) (Figure 31). This finding support prior
Bangladeshi and international studies and aligns with global trends recognizing blaCTX-M-15 as
the most widespread ESBL gene variant, reflecting its broad host range and transmissibility
across species, including K. pneumoniae, E. hormaechei, and E. chuandaensis [250], [256],
[257]. blaTEM variants appeared in 28.57% of isolates, with blaTEM-105 being the most
common across E. coli and K. pneumoniae. blaSHV variants were exclusive to K. pneumoniae,
notably blaSHV-158 and blaSHV-182, highlighting strain-specific resistance gene distribution
[258], [259]. The detection of multiple ESBL gene variants (blaTEM, blaSHV) within single
isolates indicates potential co-selection and horizontal gene transfer, intensifying resistance

profiles [52], [77].

Phenotypic analysis using disk diffusion tests, based on CLSI guidelines, identified ESBL
production in 39.5% of isolates. Concordance between genotypic and phenotypic methods was
moderate at 78.95%, with 36.84% positive agreement and 42.1% negative agreement. Discordant
findings included genotypic-positive but phenotypic-negative isolates (false negatives), possibly
due to masking effects from co-produced AmpC [-lactamase, carbapenemases and other
resistance mechanisms, as exemplified by a K. Pneumoniae isolate (NIB037) showing high-level
resistance without typical phenotypic confirmation [44]. Conversely, one E. coli isolate
(NIB034) was phenotypically positive yet lacked detected ESBL genes (false positive),
potentially explained by hyperproduction of non-ESBL f-lactamases, porin modifications, or
novel gene variants not captured in databases. These discrepancies underscore limitations of

phenotypic testing alone, especially when resistance profiles are complex [260], [261], [262].

Plasmid replicon analysis revealed a diverse assemblage of incompatibility groups,
predominantly IncF, Incl, IncHI, IncX, IncB/O/K/Z, IncR, and Col-type plasmids, well-known
vectors facilitating the spread of ESBL genes. The IncF family was dominant among E.
coli isolates, consistent with their global role in disseminating blaCTX-M-15, while K.
pneumoniae harbored IncFIB(K), IncR, and multiple Col plasmids. The presence of plasmids in
isolates without detectable ESBL genes suggests other accessory functions and stresses the

importance of integrated plasmid and resistance gene surveillance to fully capture resistance
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dynamics [263], [264], [265]. The high-MGE-content group (e.g., NIB037, NIB012, NIB014,
NIB013) showed an abundance of ISEc, IS, ISKpn, and several uncommon IS families,

suggesting an increased capacity for genomic rearrangements.

Virulence profiling displayed marked heterogeneity. P. aeruginosa isolates demonstrated
extensive virulence gene repertoires, reflecting their adaptability and pathogenic versatility. In
contrast, E. coli isolates housed consistent core virulence determinants tied to adhesion and iron
acquisition, supporting persistence with less overt aggressiveness. The interplay between
virulence factors and resistance genes, particularly in ESBL carriers, poses clinical challenges

by potentially enhancing colonization, evasion, and infection severity.

Collectively, the observed high prevalence of blaCTX-M-15, the complexity revealed by
plasmid replicon diversity, and the phenotypic-genotypic discordances highlight the need for
integrated diagnostic strategies combining WGS and phenotypic assays. Enhanced molecular
surveillance coupled with refined phenotypic methodologies is critical to accurately identify
ESBL producers, guide therapy, and curb the spread of multidrug resistant pathogens in clinical

settings.

Notably, the integrative analysis of ESBL genes, virulence determinants, and mobilome
components using WGS has not been extensively conducted in Bangladesh, and even globally,
only a limited number of studies have focused specifically on pediatric diarrheal isolates with
such a comprehensive genomic—phenotypic approach. Therefore, the present work fills a critical
gap by offering detailed insights into resistance gene transmission, plasmid dynamics, and

virulence potential in a vulnerable pediatric population.
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Conclusion

This study provides one of the most detailed looks to date at both the genomic and phenotypic
features of ESBL-producing Enterobacteriaceae found in children with diarrheal illness in
Bangladesh. We observed that blaCTX-M-15 remains the dominant ESBL gene, accompanied by
several blaTEM and blaSHV variants, an indication that highly transmissible resistance
determinants continue to spread among vulnerable pediatric populations.

The moderate agreement between W(GS-based genotyping and phenotypic ESBL results also
serves as an important reminder: no single diagnostic method tells the full story. Silent genes,
masked resistance mechanisms, and plasmid-driven gene exchange can all complicate
interpretation when relying on phenotypic testing alone. Likewise, the wide range of plasmid
replicon types detected highlights how effectively mobile genetic elements can move resistance
and virulence traits across bacterial species.

Together, these findings underscore the urgent need to pair routine whole-genome sequencing
with traditional phenotypic assays to achieve more accurate detection, surveillance, and
understanding of ESBL-associated resistance. Strengthening genomic surveillance systems,
especially in pediatric healthcare settings, will be essential for guiding antimicrobial stewardship,
informing infection control policies, and slowing the spread of multidrug-resistant pathogens in
resource-limited environments.

Ultimately, this work provides a crucial genomic foundation that can support national AMR

monitoring efforts and help shape future interventions aimed at protecting children from severe
and resistant infections.
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Appendix A

Supplementary Tables

S1: Demographic Data

Supplementary Tables

Serial | Patient Location Sex Age Days of Residence Clinical Strain Occurrence
No. 1D (Months) suffering Status No. (n)
1 A Lakshmipur Sadar Hospital Female 8 6 Rural Inpatient NIB031 1
2 B Lakshmipur Sadar Hospital Female 18 7 Rural Inpatient NIB033 1

. . . NIBO010,
3 C Lakshmipur Sadar Hospital Female 24 5 Urban Inpatient NIB024 2
4 D Lakshmipur Sadar Hospital Female 18 6 Urban Inpatient NIB020 1
5 E Lakshmipur Sadar Hospital Male 13 7 Rural Inpatient NIBO16 1
6 F Lakshmipur Sadar Hospital Male 11 8 Rural Inpatient NIBO17 1
7 G Lakshmipur Sadar Hospital Female 18 5 Urban Inpatient NIB008 1
8 H Lakshmipur Sadar Hospital Male 13 7 Urban Inpatient NIB009 1
9 I Lakshmipur Sadar Hospital Male 24 5 Rural Inpatient NIB029 1
. . . NIBO12,
10 J Lakshmipur Sadar Hospital Male 24 6 Rural Inpatient NIB026 2
11 K Lakshmipur Sadar Hospital Female 70 7 Rural Inpatient NIBO18 1
12 L Lakshmipur Sadar Hospital Female 6 6 Urban Inpatient NIB035 1
13 M Lakshmipur Sadar Hospital Male 14 7 Rural Inpatient NIB044 1
14 N Dhaka Shishu Hospital & Institute Male 8 8 Urban Inpatient NIB014 1
15 (0] Dhaka Shishu Hospital & Institute Male 22 5 Urban Inpatient 1;111133%2322’ 2
Dhaka Shishu Hospital & Institute . NIB027,
16 P Female 12 4 Urban Inpatient NIB036 2
17 Q Dhaka Shishu Hospital & Institute Male 7 6 Rural Inpatient NIB034 1
18 R Dhaka Shishu Hospital & Institute Female 8 5 Urban Inpatient NIB021 1
19 S Dhaka Shishu Hospital & Institute Male 3 6 Urban Inpatient ﬁllg(()) 1113, 5
20 T Dhaka Shishu Hospital & Institute Male 9 25 Rural Inpatient NIB037 1
21 U Dhaka Shishu Hospital & Institute Male 12 11 Urban Inpatient NIB0O19 1
22 \ Dhaka Shishu Hospital & Institute Male 4 7 Rural Inpatient NIBO15 1
23 W Dhaka Shishu Hospital & Institute Male 8 3 Urban Inpatient NIB023 1
24 X Dhaka Shishu Hospital & Institute Male 15 6 Rural Inpatient NIB028 1
25 Y Dhaka Shishu Hospital & Institute Female 6 4 Urban Inpatient NIB003 1
26 Z Dhaka Shishu Hospital & Institute Male 4 3 Rural Inpatient NIB039 1
27 Al Dhaka Shishu Hospital & Institute Female 1 5 Urban Inpatient NIB041 1
28 A2 Dhaka Shishu Hospital & Institute Male 1 4 Rural Inpatient NIB030 1
29 A3 Dhaka Shishu Hospital & Institute Female 10 6 Urban Inpatient NIB025 1
30 A4 Dhaka Shishu Hospital & Institute Male 54 10 Urban Inpatient NIB006 1
31 A5 Dhaka Shishu Hospital & Institute Female 30 4 Urban Inpatient NIB002 1
32 A6 Dhaka Shishu Hospital & Institute Female 96 7 Urban Inpatient NIB0O1, 2
NIB007
Total=38
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Supplementary Tables

S2: List of AMR genes Identified from 38 Isolates using 5 different

databses.

Saain Organism CARD Database Resf'n:der NCP 1 ARGANNOT database Megares Database ESBLs Gene Carbap.e nemase
Number D: D producing gene
NiBooy | Flesiomonas CRP Not Not Not Detected CRP Not Detected Not Detected

Detected Detected
tet(B) I,
sul2 2, tet(B), sul2,
NIBOO2 Providencia tet(B), sul2, catlll, QnrD1, AAC(2')-la, | catA3 I, catA3, (Tet)tetB, (Sul)sul2, (Phe)catA3, CTEEB’ gﬁg ilf“cg'_ Not Detected Not Detected
stuartii CRP qnrD1_1, qnrD1, (Flg)qnrD, (AGly)aac2-Ia PRIME. CRP
aac(2')- aac(2')-la ’
la 1
PBP2, KDPE, KDEA,
BAER, BAES, MDTC,
kdpE, baeR, mdtC, mdtB, CRP, QIIEIARDJ;F %&DSTIC’PCgk
Citrobacter 8;‘4'5(’91 CHF;:;;' ‘ziscl;;’ang}{%;’ qnrB69_1, qnrB69, (Bla)Penicillin_Binding Protein_Ecoli, | CPXAR, BACA, EMRD,
NIB003 werkmanii pmrl’-‘ emrB: emrA’ emrli ’ blaCMY- blaCMY- (Flq)qnrB37, (Bla)blaCMY—X}, HNS, ROBA, CMY, CMY, Not Detected Not Detected
Escherichia c‘oli ac;A, acri%, 981 159 (BlajampH_Ecoli M:CRg‘bNgAcl}{R’Yl\gsch’
Escherichia_coli_ampH KPNO. PMRF, EMRB,
EMRA, EMRR, ACRA,
ACRB, AMPH
NIB006 Af:;f;’;’:l’l’“ DHA-20, CRP bl"’l‘;OR' blaMOR-2 (Bla)blaMOR-2 DHA, CRP Not Detected Not Detected
FOSA, ACT, HNS, CRP,
ACT-25, FosA2, CRP, marA, CPXAR, MARR, MARA,
Klebsiella_pneumoniae_KpnF, bacA, MDTA, MDTB, MDTC,
Enterobacter | D3R mdiC, mdiB, mdiA, cpxA, ramA, }’(l’a?ocsi' blaﬁg‘% (Bla)blaACT-16, (Feyn)FosA2, BAER, KPNO, SOXS,
NIB007 hormaechei msbA, acrD, 0gxB, ogxA, 0’qu ? 0qxB9 (Bla)Penicillin_Binding Protein_Ecoli, MSBA, ACRD, OQXB, Not Detected Not Detected
Enterobacter_cloacae_acrA, acrB, o A’ 0axA9 (Flg)OgxBgb, (FIq)OgxA OQXA, RAMA, PBP2,
emrB, Klebsiella_pneumoniae_KpnG, qx qx KDEA, BACA, KPNF,
emrR, H-NS ACRB, EMRB, KPN,
EMRR
MSBA, MDFA, MDTP,
MDTO, MDTN, EPTA,
BLAEC, CPXAR, CPXAR,
Lo . PBP2, KDPE, EMRR.
msbA, Escherichia_coli_mdfA, mdtP, > > >
Escherict:]'jmdtg;lim féi‘ce pﬁﬁx’A kdpE mdf(A), %%: IE‘I;/IP%‘%” Iggg
emrR, em;A, gmrB, n;phB, :;ch, ’ qepA4,’ blaEC-15, . EMRK, EMRY, MDTG,
Escherichia_coli_ampC1_beta- dfrA12, qepA4, (Bla)AmpC2_Ecoli, ) MDTH, HNS, ROBA,
lactamase evg§ evé A emrK. emrY. aadA2 dfrAl2, (Bla)PemclllmiBmdm.giProte1n7Ecoh, ACRS, ACRE, ACRF,
Escherichia mdtG md’lH H—}\IS ac}S acrii ach‘ sull ’ aadA2, (Bla)AmpC1_Ecoli, (Fla)qepA, MARR, MARA, BACA, blaTEM-135
NIB008 coli marA. ’lolC t;aCA g;ldX éadW’mdt}; mph(A) sull, (Tmt)dfrA12, (AGly)aadA2, (Sul)sull, GADX, GADW, MDTE, blaTEM-lO()’ Not Detected
mth,’CRP,’pmrF,’yojl, l’;ldtM, (’)epA4’, sul2, ’ mph(A), (MLS)mph(A), (Sul)sul2, (Tet)tetR, MDTE, CRP, PMRF, YOGI,
dfrA12, 2adA2, sull, mphA. bacR. tet(A) sul2, tet(A), (Tet)tetA, (Bla)blaTEM-lO(), BCR, MDTM, EMRD,
b y . y y S y blaTEM- (Bla)ampH_Ecoli SOXS, QEPA, DFRA,
aeS, mdtC, mdtB, mdtA, ugd, sul2, blaTEM- 135 ANT3-DPRIME. SULI
tet(A), TEM-135, 106 p ’
Escherichia_coli_acrA, acrB, I\I/\I/IDP?éA ’ﬁg?g 11\34‘;\)]::1%
Escherichia_coli_ampH N ? ’
ASMA, UGD, SULII,
MDTI, MDTJ, MDTK,
TETA, TEM, ACRA,
ACRB, AMPH
MPHB, ACRD, PBP4B,
EVGS, EMRK, EMRY,
PMREF, KPNO, YOGI,
mphB, acrD, BCR, BAER, BAES,
Escherichia_coli_ampC1_beta- MDTC, MDTB, MDTA,
lactamase, evgS, evgA, emrK, emrY, ASMA, UGD, BLAEC,
pmrF, yojl, baeR, baeS, mdtC, mdtB, mdf(A), BlaEC.19 BACA, SOXS, MDTP,
mdtA, ugd, Escherichia_coli_ampC, dfrA17, dfrAl7 ’ (Bla)AmpC1_Ecoli, MDTO, MDTN, EPTA,
bacA, tolC, mdtP, mdtO, mdtN, eptA, aadAS5, aadAS ’ (Bla)AmpC2_Ecoli, CPXAR, PBP2, KDPE,
Escherichia cpxA, kdpE, Escherichia_coli_mdfA, sull, sull ’ (Bla)Penicillin_Binding Protein_Ecoli, MDFA, EMRD, HNS,
NIB009 e H-NS, marA, emrR, emrA, emrB, mph(A), mph(A) (Tmt)dfrA17, (AGly)aadAS, (Sul)sull, MARA, MARR, MDTK, blaCTX-M-15 Not Detected
mdtM, msbA, mdtG, mdtH, dfrA17, blaCTX- blaCTX-M- (MLS)mph(A), (Bla)ampH_Ecoli, MDTJ, MDTI, EMRR,
aadAS, sull, mphA, M-15, 15, erm(B) (Bla)blaCTX-M-15, (MLS)erm(B), EMRA, EMRB, MDTM,
Escherichia_coli_ampH, acrB, erm(B), ’tet(B) ? (Tet)tetB ROBA, MSBA, MDTG,
Escherichia_coli_acrA, tet(B) MDTH, DFRA, ANT3-
Escherichia_coli_emrE, CTX-M-15, DPRIME, SULI, MPHA,
ErmB, CRP, mdtE, mdtF, gadW, gadX, AMPH, ACRB, ACRA,
tet(B), acrS, acrE, acrF MVRC, CTX, ERMB, CRP,
MDTE, MDTF, GADW,
GADX, TETB, ACRS,
ACRE, ACRF
MDTP, MDTO, MDTN,
EPTA, BLAEC, EMRR,
EMRA, EMRB, BACA,
mdtP, mdtO, mdtN, eptA, MSBA, MDTK, CPXAR,
Escherichia_coli_ampC, emrR, emrA, ACRS, ACRE, ACRF,
emrB, tolC, bacA, msbA, cpxA, acrS, AMPH, YOGI, BCR, HNS,
acrE, acrF, Escherichia_coli_ampH, mdf(A) blaEC PMRF, MDTA, MDTB,
yojl, H-NS, pmrF, mdtA, mdtB, mdtC, qnrB4 i anB4‘ (Bla)AmpC2_Ecoli, (Bla)ampH_Ecoli, MDTC, BAES, BAER,
Escherichia baeS, baeR, mdtM, mphB, acrD, blaDHA- blaDHA‘—l (Bla)AmpC1_Ecoli, MDTM, MPHB, ACRD,
NIB010 . Escherichia_coli_mdfA, ’ (Bla)Penicillin_Binding Protein_Ecoli, MDFA, PBP4B, EMRD, Not Detected Not Detected
coli Escherichia_coli_ampC1_beta- 1 ;"‘2' S‘;‘“I; (Flq)qnrB4, (Bla)blaDHA-1, (Sulsull, KDPE, PBP2, MARR,
lactamase, kdpE, marA, mdiH, actB, mPhA). mphA: (MLS)mph(A), (Tmt)dfrA17 MARA, ROBA, MDTH,
Escherichia_coli_acrA, emrY, emrK, SOXS, ACRB, ACRA,
evgA, evgS, mdtE, mdtF, gadW, gadX, EMRY, EMRK, EVGS,
QnrB4, DHA-1, sull, mphA, dfrA17, MDTE, MDTF, GADW,
CRP, mdtG GADX, MDTI, MDT]J,
QNRB, DHA, SULI,
MPHA, DFRA, CRP,
MDTG
NIBO11 Escherichia emrR, emrA, emrB, ugd, mdtA, mdtB, mdf(A), blaEC-5, (Bla)AmpC2_Ecoli EMRR, EMRA, EMRB, blaCTX-M-15 Not Detected
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coli mdtC, bae$, baeR, yojl, pmrF, blaCTX- blaCTX-M- (Bla)blaCTX-M-15 UGD, ASMA, MDTA,
Escherichia_coli_ampC, acrD, cpxA, M-15, 15, sull, (Bla)Penicillin_Binding Protein_Ecoli MDTB, MDTC, BAES,
mdtH, mdtG, Escherichia_coli_mdfA, sull, aadA2, (Sul)sull BAER, BCR, YOGI,
emrY, emrK, evgA, evgS, mdtE, mdtF, aadA2, dfrA12, (AGly)aadA2 KPNO, PMRF, BLAEC,
gadW, gadX, marA, dfrA12, mph(A), (Tmt)dfrA12 ACRD, CPXAR, CPXAR,
Escherichia_coli_emrE, CRP, CTX-M- mph(A), msr(E), (MLS)mph(A) MDTH, MDTG, MDFA,
15, acrF, acrE, acrS, bacA, tolC, mdtM, msr(E), mph(E), (MLS)mst(E) EMRD, EMRY, EMRK,
kdpE, H-NS, sull, aadA2, dfrA12, mph(E), blaDHA-1 (MLS)mph(E) EVGS, MDTE, MDTF,
mphA, msrE, mphE, DHA-1, blaDHA-1 (Bla)blaDHA-1 GADW, GADX, MARR,
Escherichia_coli_ampH, acrB, (Bla)ampH_Ecoli MARA, MDTI, MDT]J,
Escherichia_coli_acrA, mdtP, mdtO, MDTK, MVRC, CRP, CTX,
mdiN, eptA, msbA ACRF, ACRE, ACRS,
BACA, ROBA, MDTM,
MVRC, PBP2, KDPE,
HNS, SULI, ANT3-
DPRIME, DFRA, MPHA,
MSRE, MPHE, DHA,
AMPH, ACRB, ACRA,
SOXS, MDTP, MDTO,
MDTN, EPTA, MSBA
blaSHV-
106, blaSHV- OMP37, KPNE, KPNF,
Klebsiella_pneumoniae_OmpK37, fosA6, 106. fosA6 SHV, MARA, KMRA,
Klebsiella_pneumoniae_KpnE, 0qxB, oq‘xBi 9 i (Bla)blaSHV-106 HNS, KPNO, BAER,
Klebsiella_pneumoniae_KpnF, SHV- 0qxA, 0axAS ’ (Bla)Penicillin_Binding Pr(;tein Ecoli MDTC, MDTB, ASMA,
106, marA, H-NS, baeR, mdtC, mdtB, blaCTX- blagTX-M- (Fcyn)F0§A6 (qu;quBgl; ’ SOXS, PBP2, RAMA,
Kiebsiella ramA, cpxA, FosA6, CRP, M-15, " (FlQ)OqrA, (BIa)blaCTXM-15 EMRD, CPXAR, FOSA, blaSHV-106,
NIB012 e Klebsiella_pneumoniae_KpnH, blaTEM- : i ’ CRP, EMRB, KPN, EMRR, blaCTX-M-15, Not Detected
pneumontae Klebsiella_pneumoniae KpnG, emrR. 1B blaTEM-1, (Bla)blaTEM-105, (AGIy)strB, 0QXB, OQXA, PHOR, blaTEM-105
P _Spnt, » > aph(6)-1d. (AGly)strA, (Sul)sul2, (Flq)qnrB1 > ; )
0gxB, 0qxA, CTX-M-15, TEM-1, aph(©)1d, | B (T dfrA L4, (AGIaac e, CTX, TEM, APH6, APH3-
APH(6)-1d, APH(3")-Ib, sul2, QnrB17, aph(3")- sal2, quiB1 (Blayampkl g DPRIME, SULIL, QNRB,
dfrA14, AAC(3)-Ile, acrD, acrB, Ib, sul2, df‘rA14 ’ DFRA, AAC3, ACRD,
Klebsiella_pneumoniae_acrA, msbA qnrB1, i AMPH, ACRB, ACRA,
dfrAl4, aac(3)-lie KDEA, MSBA
aac(3)-Ila
e R
bacA, mara, %‘”‘ﬁ' mdtA, mdtB, mdtC, b;e‘(A)’ bl tet(A), (Bla)blaACT-16, (Feyn)FosA2, SOXS, MDTA, MDTB,
) acR, emrB, aCTX- aCTX-M- | et (Tet)tetR, (Bla)blaCTX-M- MDTC, BAER, EMRB,
Klebsiella_pneumoniae_KpnG, emrR, M-15, 15, aac(6')-
Enterobacter ACT-16, FosA2, tet(A), CTX-M-15 aac(6")-Ib Ib-D181Y, 15, (AGly)aac6-Ib, (Subsull, KPN, EMRR, ACT, ACT,
NIBO13 I hei AI’%C an Tl . ’ . ’ ’ (Bla)blaDHA-1, (Flq)qnrB4, FOSA, CTX, TETA, CTX, blaCTX-M-15 Not Detected
ormaechei (6-1b9, sull, acrB, sull, sull,
Enterobacter_cloacae_acrA, ramA. blaDHA- blaDHA-1 L. _(Tmt_)df!'A14, . . SULL ACRB, ACRB,
= - ? . ’ (Bla)Penicillin_Binding Protein_Ecoli, RAMA, DHA, QNRB,
DHA-1, QnrB4, msbA, dfrA14, CRP, 1, qnrB4, qnrB4,
H-NS, 0gxA, 0gxB, actD dfrA14, dfrAl4, (Flg)OqxA, (Flq)OqxBgb MSBA, DFRA, CRP,
oA, oqRAD, KDEA, PBP2, HNS,
0B oqxB9 0QXA, OQXB, ACRD
cpxA, CTX-M-15, SOXS, PHOR, CPXAR,
Klebsiells pneumoniae_OmpK37, blaACT- | blaCTX-M- CPXAR, CTX, OMP37,
Klebsiella_pneumoniae KpnE, 16, fosA, | 15, blaSHV- KPNE, KPNF, SHV,
Klebsiella_pneumoniae_KpnF, SHV- tel(A), 158, (Bla)blaCTX-M-15, (Bla)blaSHV-11, MARA, KMRA, KPNO,
182, marA, mdtB, mdtC, baeR, rama, | °RCTX- | blaNDM:S, (Bla)plaNDM-5, (Subsull, MDTB, MDTC, BAER,
. H-NS, msbA, NDM-5, M-15, ble-MBL, | (TmOdfrA30, ) ASMA, RAMA, CTX, blaCTX-M-15,
NIBO14 Klebsiella determinant of bleomycin resistance aac(6")-Ib, sull, (Bla)Penicillin_Binding_Protein_Ecoli, HNS. MSBA. NDM. BRP. blaTEM-105, blaNDM-5
pneumoniae oh e i sull, dfrA30, (MLS)mph(A), (Bla)blaTEM-105, g > ¢ i blaSHV-158,
sull, dfrA30, mphA, TEM-1, rmtB, SULI, DFRA, PBP2,
) ) blaDHA- mph(A), (AGly)rmtB, (Bla)ampH, blaSHV-182
acrB, Klebsiella_pneumoniae_acrA, 1, qnrB4 blaTEM-1 (Feyn)FosA6, (Flq)OqxBgb KDEA, MPHA, TEM,
FosA6, acrD, dfrAl4 ’ mtB1 ’ (i’lq)‘quA ’ RMTB, AMPH, ACRB,
Klebsiella_pneumoniae_KpnH, XA ’ fosA 6’ ACRA, FOSA, ACRD,
Klebsiella_pneumoniae_KpnG, emrR, a4 B’ B g A EMRB, KPN, EMRR,
0gxB, 0gxA, CRP 09X 09xB, 0gx 0QXB, OQXA, CRP
CTX, MARR, MARA,
MDTI, MDTJ, MDTK,
ACRA, ACRB, AMPH,
L . PBP2, KDPE, CRP, BACA,
Ll Ehridio ol et | ) NSBA MDA, O3
’ CRP. bacA. msbA ’ ? blaCMY- blaCMY- HNS, MDTH, MDTG,
Escherichia_coli mdfA, H-NS, mdtH 148, 148, blaEC- . PMRF, KPNO, YOG,
mdiG pmﬂ? yoﬁ baeli baeS‘mdtC’ dfrA17, 15, dfrA17, ) (.B.la)anlde-‘LEcoh, ) ) BCR, BAER, BAES,
mdB ;n diA ’emﬂé emrk eng evgé aadAS5, aadAS, (Bla)Penicillin_Binding_Protein_Ecoli, MDTC, MDTB, MDTA,
L ’ ’ ’ ’ ’ ’ sull, sull, (Bla)blaCMY-42, (Bla)AmpC2_Ecoli, ASMA, EMRY, EMRK,
NIBO15S Escherichia | mdtE, mdtF, gadW, gadX, emrB, emra, | 4y mph(A) (Tmt)dfrA17, (AGly)aadAS5, (Sul)sull EVGS, MDTE, MDTE, blaCTX-M-15 blaOXA-1
coli emrR, cpxA, CMY-59, mdtM, Phld), P2 > (AB) , ’ , > >
Escherichia_coli_ampC, eptA, mdiN blaCTX- blaCTX-M- (Bla)AmpC1_Ecoli, (MLS)mph(A), GADW, GADX, EMRB,
m(:{IO mdtP. actE. acrF. cifrA17’ aadA‘S M-15, 15, aac(3)- (Bla)blaCTX-M-15, (AGly)aac3-Ila, EMRA, EMRR, CPXAR,
sull’ Esch;richi; coli’ ampCl’ beta- ’ aac(3)-1la, 1le, aac(6')- (Bla)blaOXA-1, (Phe)catB4 CPXAR, EMRD, CMY,
lacta;nase acrD. r;phli mph.AicTX- aac(6')-Ib- 1b-D181Y, MDTM, BLAEC, EPTA,
ML15. AAC(3) Tl AAC(S')Tbcr cr, blaOXA-1 MDTN, MDTO, MDTP,
’ OXA’_I ’ blaOXA-1 SOXS, ACRE, ACRF,
DFRA, ANT3-DPRIME,
SULI, PBP4B, ACRD,
MPHB, MPHA, CTX,
AAC3, OXA
ACRF, ACRE, ACRS,
BACA, HNS, MSBA,
DFRA, MDTK, CTX,
acrF, acrE, acrS, bacA, tolC, H-NS, PBP2, CPXAR, MPHB,
msbA, dfrA17, cpxA, mphB, acrD, ACRD, AMPH, BLAEC,
Escherichia_coli_ampH, EPTA, BAER, BAES,
Escherichia_coli_ampC, eptA, baeR, MDTC, MDTB, MDTA,
bac$, mdiC, mdtB, mdtA, mdtH, sfé‘f*(g' dfrA17, (Bla)PenicﬂlS“é‘ngg ! Z;mtein Eeoli MDTH, MDFA, KDPE,
Stutzerimonas Escherichia_coli_mdfA, kdpE, mdtP, qnrB4 ? blaEC, (BlayampH Ecoli (Bla)jﬁmpCZiEcoli’ MDTP, MDTO, MDTN,
NIB016 stutzeri mdtO, mdtN, Escherichia_coli_acrA, blaDH. A_ qnrB4, (Bla) An;pCI ficoli (qu)qnﬁ% 4 ’ EMRD, ACRA, ACRB, Not Detected Not Detected
»  acrB, marA, 1, sull blaDHA-1, (Bla)blaDHA-1, (Sulsull, ~ MARR, MARA, PBP4B,
Escherichia_coli_ampC1_beta- mphA sull, mphA (MLS)mph(A) MDTM, PMRE, YOGI,

lactamase, mdtM, pmrF, yojl, gadX,
gadW, mdtF, mdtE, emrR, emrA, emrB,
CRP, emrY, emrK, evgA, evgS, mdtG,
QnrB4, DHA-1, sull, mphA

BCR, GADX, GADW,
MDTEF, MDTE, ROBA,
EMRR, EMRA, EMRB,

SOXS, MDTJ, MDTI, CRP,
EMRY, EMRK, EVGS,
MDTG, QNRB, DHA,

SULI, MPHA
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Acinetobacter mph(E) 1, mph(E),
NIBO17 variabilis mphE, mstE mst(E)_1 mst(E) (MLS)mph(E), (MLS)msr(E) MPHE, MSRE Not Detected Not Detected
ACRA, ACRB, AMPH,
BACA, MDTF, MDTM,
o tet(A), tet(A), ACRF, EMRR, EMRA,
Escherichia_coli_acrA, acrB, qnrB4, qnrB4,
Escherichia_coli_ampH, tolC, bacA. blaDHA- blaDHA-1 EMRB, TETA, QNRB,
' coL_ampH, (01, d > | (Bla)ampH_Ecoli, (Tet)tetA, (Tet)tetR, | DHA, SULI, TEM, APHG6,
mdtF, mdtM, acrF, emrR, emrA, emrB, 1, sull, sull,
(Flq)qnrB4, (Bla)blaDHA-1, (Sul)sull, APH3-DPRIME, SULII,
tet(A), QnrB4, DHA-1, sull, TEM-1, blaTEM- blaTEM-1,
. (Bla)blaTEM-105, (AGly)strB, ACRD, PBP4B, PMRF,
o APH(6)-1d, APH(3")-Ib, sul2, acrD, 1B, aph(6)-1d,
Escherichia Lo X " (AGly)strA, (Sul)sul2, YOGI, MSBA, QNRS,
NIBO18 " Escherichia_coli_ampC1_beta- aph(6)-1d, aph(3")-Ib, . blaTEM-105 Not Detected
fergusonii lactamase, pmrF, yojl, msbA, QnrS1 aph(3")- sul2 (Bla)AmpC1_Ecoli, (Flg)qnr-S1, MPHE, MSRE, MPHA,
- iE n’ﬂyré A ’ ”‘;’ Y et (MLS)mph(E), (MLS)msr(E), ROBA, BLAEC, SOXS,
_ mpht, MSCL, MpiA, » SUZ, qors 5, (MLS)mph(A), (Bla)AmpC2_Ecoli, PBP2, KDPE, BCR, BAER,
Escherichia_coli_ampC, kdpE, baeR, qnrS1, mph(E), TR, - .
(Bla)Penicillin_Binding Protein_Ecoli BAES, MDTC, MDTB,
baeS, mdtC, mdtB, mdtA, marA, mdtH, mph(E), msr(E),
H-NS, cpxA, CRP mst(E). mph(A). MDTA, ASMA, MARR,
’ ’ - N , MARA, MDTK, MDTH,
mph(A) blaBC-8 HNS, EMRD, CPXAR,
CPXAR, CRP
OprM, MexB, MexA, PmpM, OXA-50, MEXB, MEXA, MEXR,
fosA, Pseudomonas_aeruginosa_CpxR, PMPM, OXA, FOSA,
o o = ? CPXAR, MEXC, MEXD,
mexV, mexW, MexC, MexD, OprJ,
MEXE, MEXF, OPRN,
MexE, MexF, OprN, OpmB, MuxC,
b N ; blaOXA- blaOXA-50, OPMB, MUXC, MUXB,
MuxB, MuxA, TriA, TriB, TriC, ArmR,
50, fosA, fosA- MUXA, ARMR, MEXL, blaOXA-50
. . mexL, mexJ, mexK, arnA, mexP, (Bla)blaOXA-50, (Phe)catB7, a
Pseudomonas catB7, 354827590, c MEXJ, MEXK, ARNA,
NIBO19 . mexQ, opmE, mexX, mexY, " (Phe)berl, (AGly)aph(3")-IIb, Not Detected
aeruginosa Pseudomonas_aeruginosa_soxR, aph(3')- catB7, (Bla)blaPDC-119 MEXQ, MEXQ, MEXQ,
Pseudomonas_aeru vinosaiemrE’ IIb, aph(3)-1b, MEXX, MEXY, SOXR,
OpmH ba;g meé’M mexN ’ blaPAO blaPDC-374 EMRE, OPMH, BASRS,
b f(’i > Dass, mexM, mex 7 MEXN, MEXN, CAT,
seuD omonfsiaerﬁgmosaé c{a) 1, OPMD, MEXI, MEXH,
D e ber MEXG, B i
’ DPRIME, PDC
BCR, YOGI, PMRF,
EMRY, EMRK, EVGS,
PBP4B, ACRD, MPHB,
. MDTN, MDTO, MDTP,
y"JIE' pﬁ“Ff E?“'Y' le.m'K’ E"lgAb' fvgs’ TEM, SULIIL, MDTH,
scherichia_coli_ampC1_beta- MDTG, QNRS, DFRA,
lactamase, acrD, mphB, mdtN, mdtO,
mdtP, TEM-176, sul3, mdtH, mdtG. MARA, MARR, PBP2,
Q}lrSl dfrAi4 m;arA ¢ ’ A ’ blaTEM- blaTEM- CPXAR, CPXAR, MDFA,
Eschorichia coli mdfA. b 18"b’ A 176, sul3, 176,sul3, | (Bla)AmpCl_Ecoli, (Bla)blaTEM-176, BACA, ACRB, ACRA,
Escherichi SCB“]‘EC ﬁ‘—?“l:fm i o " afA’ qurS1, qurS1, (Sul)sul3, (Flg)qnr-S1, (Tmt)dfrA14, EPTA, ACRS, ACRE,
NIB020 se j}’l‘f i :‘gs'a:é e;é&‘i—:e‘;{‘f:e's ’[;1(’1 e dfrAl14, dfrA14, (Bla)Penicillin_Binding_Protein_Ecoli, ACRF, SOXS, BAER, blaTEM-176 Not Detected
mdtB. mdtA. tet(A), APH(3).Ia, CRP, mdf(A), tet(A), (Tet)tetR, (Tet)tetA, (AGly)aph(3")-Ia, BAES, MDTC, MDTB,
E malF, ead W 2adX. mab tet(A), aph(3')-Ia, (Bla)ampH_Ecoli, (Bla)AmpC2_Ecoli MDTA, ROBA, TETA,
mdte, matt, gad V¥, gadst, msoA, aph(3")-la blaEC-15 CTX, APH3-DPRIME,
mdtM, Escherichia_coli_ampH,
Escherichia_coli_ampC, emrR, emrA. CRP, MDTE, MDTF,
emrB, H-NS, Esgher{::h"a col" emrE’ GADW, GADX, MSBA,
g R 1a_col_emrk, MDTI, MDTJ, MDTK,
P MDTM, ASMA, AMPH,
BLAEC, EMRD, EMRR,
EMRA, EMRB, CTX,
HNS, MVRC, KDPE
MDFA, MSBA, MDTG,
MDTH, HNS, MDTM,
ROBA, ACRF, ACRE,
ACRS, MDTN, MDTO,
Escherichia_coli_mdfA, msbA, mdtG, mdf(A), MDTP, SOXS, EMRB,
floR, EMRA, EMRR, EMRD,
mdtH, H-NS, mdtM, acrF, acrE, acrS, blaEC-15,
tet(A), PMREF, YOGI, BCR,
mdtN, mdtO, mdtP, emrB, emrA, emrR, floR, tet(A),
. aph(6)-Id, . BAER, BAES, MDTC,
pmrF, yojl, baeR, baeS, mdtC, mdtB, " aph(6)-Id, (Bla)AmpC2_Ecoli,
aph(3")- ) (B @)AMPL ) ) MDTB, MDTA, ASMA,
mdtA, ugd, cpxA, aph(3")-Ib, (Bla)Penicillin_Binding_Protein_Ecoli,
— . 1b, sul2, > UGD, CPXAR, CPXAR,
Escherichia_coli_ampC, mdtE, mdtF, sul2, catAl, (Bla)AmpC1_Ecoli, (Phe)floR,
catAl, BLAEC, MDTE, MDTF,
Escherichi gadW, gadX, kdpE, mphB, acrD, dfrA12 dfrAl12, (Tet)tetA, (Tet)tetR, (AGly)strB, GADW. GADX. PBP2
NIB021 sehericiia Escherichia_coli_ampC1_beta- s aadA2, (AGly)strA, (Sul)sul2, (Phe)catAl, i y > blaTEM-105 Not Detected
coli aadA2, KDPE, MPHB, ACRD,
lactamase, evgsS, evgA, emrK, emrY, sull, (Tmt)dfrA12, (AGly)aadA2, (Sul)sull,
o H sull, PBP4B, EVGS, EMRK,
eptA, Escherichia_coli_emrE, floR, h(A) mph(A), (MLS)mph(A), (F1q)OqxA, EMRY, EPTA, MVRC.
tet(A), APH(6)-1d, APH(3")-Ib, sul2, mph(A), 0qxA2, (Flq)OqxBgb, (Bla)blaTEM-105, ’ ’ ’
0qxA, . FLOR, TETA, APH6,
catl, dfrA12, aadA2, sull, mphA, CRP, 0gxB, bleO, (AGly)aac3-I1d, (Bla)ampH_Ecoli
0qxB, APH3-DPRIME, SULII,
0qxA, oqxB, marA, TEM-1, AAC(3)- blaTEM-1,
11d, tolC, bacA, Escherichia coli acrA. blaTEM- aac(3)-lid CATA, DFRA, ANT3-
’ acrl% chk;er:chia coli_ampH ’ 1B, DPRIME, SULL MPHA,
» Escherichia_coli_amp aac(3)-11d CRP, OQXA, OQXB,
MDTK, MDTJ, MDTI,
MARA, MARR, BLE,
TEM, AAC3, BACA,
ACRA, ACRB, AMPH
MVRC, MDTK, MDTJ,
MDTI, MARA, MARR,
SOXS, MDTP, MDTO,
MDTN, EPTA, ACRD,
Escherichia_coli_emrE, marA, mdtP, MDFA, ACRS, ACRE,
mdtO, mdtN, eptA, acrD, mdf(A), ACRF, CPXAR, CPXAR,
Escherichia_coli_mdfA, acrS, actE, blaCTX: blaCTX-M- HNS, MDTH, MDTG,
acrF, cpxA, H-NS, mdtH, mdtG, ugd, 15, sull, UGD, ASMA, MDTA,
mdtA, mdtB, mdtC, baeS, baeR, yojl, M-15, aadA2, (Bla)blaCTX-M-15, (Subjsull, MDTB, MDTC, BAES,
F, emrY, emrK, evgA, evgS, CTX sull, dfrA12 (AGly)aadA2, (Tmt)dfrA12, BAER, BCR, YOGI
Escherichia pmr?, emrd, emri, evgh, eves, & 1A aadA2 A2, (Bla)Penicillin_Binding_Protein_Ecoli » DO, ;
NIB022 coli M-15, msbA, bacA, tolC, mdtM, gadX, dfrAlZV msr(E), (MLS)mquE) (MLg)m h(g) i KPNO, PMRF, EMRD, blaCTX-M-15 Not Detected
gadW, mdtF, mdtE, CRP, sull, aadA2, msr(E)‘ mph(E), (Blajam H EC(;li (MLS)tr; h(A) EMRY, EMRK, EVGS,
dfrA12, kdpE, msrE, mphE, hE) mph(A), (Blayb] DPH A1, (BlayA Cg e CTX, MSBA, BACA,
Escherichia_coli_ampH, acrB, 2})11( S blaDHA-1, a)olabHA-L, (Bla)Amptz_Ecoll MVRC, ROBA, MDTM,
Escherichia_coli_acrA, mphA, DHA-1, bla%H A-’l blaEC-5 GADX, GADW, MDTF,
emrR, emrA, emrB, MDTE, CRP, SULI, ANT3-
Escherichia_coli_ampC DPRIME, DFRA, PBP2,
KDPE, MSRE, MPHE,
AMPH, ACRB, ACRA,
MPHA, DHA, EMRR,
EMRA, EMRB, BLAEC
Escherichia tolC, bacA, acrS, acrE, acrF, mdtE, mdf(A), blaEC-8, (Bla)AmpC2_Ecoli, (MLS)mph(A), BACA, ACRS, ACRE,
NIB023 coli mdtF, gadW, gadX, cpxA, CRP, eptA, mph(A), mph(A), (Bla)Penicillin_Binding_Protein_Ecoli, ACRF, MDTE, MDTF, Not Detected Not Detected
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mdtN, mdtO, mdtP, baeR, baeS, mdtC, sull, sull, (Sul)sull, (Bla)blaDHA-1, (Flq)qnrB4, GADW, GADX, EMRD,
mdtB, mdtA, Escherichia_coli_mdfA, blaDHA- blaDHA-1, (MLS)erm(B), (Bla)ampH_Ecoli CPXAR, CPXAR, CRP,
H-NS, mdtM, pmrF, marA, yojl, 1, qnrB4, qnrB4, EPTA, MDTN, MDTO,
Escherichia_coli_ampC, ugd, mphA, erm(B) erm(B) MDTP, SOXS, BAER,
mphB, acrD, evgS, evgA, emrK, emrY, BAES, MDTC, MDTB,
Escherichia_coli_emrE, kdpE, sull, MDTA, ASMA, MDFA,
DHA-1, QnrB4, emrB, emrA, emrR, HNS, MDTM, ROBA,
msbA, mdtG, ErmB, PMRF, MDTJ, MDT]I,
Escherichia_coli_acrA, acrB, MARA, MARR, BCR,
Escherichia_coli_ampH, mdtH YOGI, KPNO, BLAEC,
MDTK, UGD, MPHA,
MPHB, ACRD, EVGS,
EMRK, EMRY, MVRC,
KDPE, PBP2, SULI, DHA,
QNRB, EMRB, EMRA,
EMRR, MSBA, MDTG,
ERMB, ACRA, ACRB,
AMPH, MDTH
ACRS, ACRE, ACRF,
BACA, HNS, DFRA,
MSBA, CTX, MDTK,
acrS, acrE, acrF, tolC, bacA, H-NS, PBP2, KDPE, CPXAR,
CPXAR, AMPH, BAER,
dfrA17, msbA, kdpE, cpxA,
S . BAES, MDTC, MDTB,
Escherichia_coli_ampH, baeR, baeS,
mdtC, mdtB, mdtA. MDTA, MDFA, CRP,
Escherichia_coli_mdfA, CRP, marA, dfrAl7, dfrAl7, (Tmt)dfrA17, EMRD, MARA, MARR,
e - mdf(A), qnrB4, Ca o . . PBP4B, ACRD, MPHB,
Escherichi Escherichia_coli_ampC1_beta- B4 blaDHA1 (Bla)Penicillin_Binding_Protein_Ecoli, MDTM. GADX. GADW.
NIB024 schertchia lactamase, acrD, mphB, mdtM, gadX, qnros, a > (Bla)ampH_Ecoli, (Bla)AmpC1_Ecoli, g > > Not Detected Not Detected
coli blaDHA- sull, MDTF, MDTE, ROBA,
gadW, mdtF, mdtE, mdtH, emrB, emrA, (Flgq)qnrB4, (Bla)blaDHA-1, (Sul)sull,
emrR, acrB, Escherichia_coli_acrA. 1, sull, mph(A), (MLS)mph(A), (Bla)AmpC2_Ecoli MDTH, EMRB, EMRA,
RS o : mph(A) blaEC ’ - EMRR, SOXS, ACRB,
pmrF, yojl, emrY, emrK, evgA, evgS,
ACRA, MDTJ, MDTI,
mdtG, QnrB4, DHA-1, sull, mphA,
Escherichi i C entA. mdiN PMREF, YOGI, BCR,
seherie ‘a—mt‘éa“;f’dﬂ;ep » AN, EMRY, EMRK, EVGS,
s MDTG, QNRB, DHA,
SULI, MPHA, BLAEC,
EPTA, MDTN, MDTO,
MDTP
cat, floR, catA4, floR,
tet(C), tet(C),
aph(6)-Id, aph(6)-1d,
i~ " | OMPD, CATA, FLOR,
Proteus catad, floR, et(C), APH(6)-1d, 2lilr))h:\il; aphs(\.?IZ) " (gg;:ﬁ:t‘;;“‘(ggf)i?& (gfl)lt)?uclé TETC, APH6, APH3-
NIB025 PRSP APH(3")-Ib, sul2, OXA-10, catB8, y § ’ Y , Y. iy ’ DPRIME, SULII, ANT2- Not Detected blaOXA-10
mirabilis ANT(2")-Ia, dfrA32, CRD, tet(J) blaOXA- blaOXA-10, (Bla)blaOXA-10, (Phe)catB8, DPRIME. DFRA. CRP.
’ ’ ’ 10, catB8, catB8, (AGly)aadB, (Tmt)dfr32, (Tet)tet] ; ’ ’
" " TETJ
ant(2")-1a, ant(2")-1a,
dfrA32, dfrA32,
tet(J) tet(J)
PMRE, KPNO, YOGI,
BCR, BAER, BAES,
MDTC, MDTB, MDTA,
pmrE, yojl, baeR, baeS, mdtC, mdtB, ASMA, UGD, AMPH,
S . ACRB, ACRA, EPTA,
mdtA, ugd, Escherichia_coli_ampH,
. . MDTN, MDTO, MDTP,
acrB, Escherichia_coli_acrA, eptA, erm(B),
SOXS, ACRF, ACRE,
mdtN, mdtO, mdtP, acrF, acrE, acrS, qepA4, blaEC-13, .
kdpE, msbA, Escherichia_coli_mdfA. mdf(A). mph(A) (Blajampl_Ecoli, ACRS, PBP2, KDPE,
’ C - ’ g ? (Bla)Penicillin_Binding Protein_Ecoli, MSBA, MDFA, BACA,
Escherichia bacA, tolC, mphB, acrD, blaCTX- sull, (Bla)AmpC1_Ecoli EMRD, MPHB, ACRD.
NIB026 7 . Escherichia_coli_ampC1_beta- M-15, blaDHA-1, Pl ’ g ’ ’ blaCTX-M-15 Not Detected
coli lactamase. cveS. eveA. emiK. emrY. dfrAlL2 B4 (Bla)AmpC2_Ecoli, (MLS)mph(A), PBP4B, EVGS, EMRK,
CDXA. Am’arAé’ e’mrli’ e;mrA émrB ’ aadA2 ’ ?et(A)‘ (Sul)sull, (Bla)blaDHA-1, (Flq)qnrB4, EMRY, CPXAR, CPXAR,
PXA, MarA, emri, > : ? y (Tet)tetA, (Tet)tetR, (Tmt)dhfr7 MARA, MARR, EMRR,
Escherichia_coli_ampC, mphA, sull, sull, dfrA7
EMRA, EMRB, MDTK,
DHA-1, QnrB4, tet(A), dfrA7, CRP, mph(A)
MDTIJ, MDTI, BLAEC,
mdtE, mdtF, gadW, gadX, mdtM,
mdtH. mdtG. H-NS MPHA, SULI, DHA,
s 5 QNRB, TETA, DFRA, CRP,
MDTE, MDTF, GADW,
GADX, ROBA, MDTM,
MDTH, MDTG, HNS
MDFA, KDPE, PBP2,
ACRA, ACRB, AMPH,
SOXS, MDTP, MDTO,
. . MDTN, EPTA, BLAEC,
EE“h;“,Chg‘.’—C"li.—mdfﬁ’ kdf]’aE' HNS, EMRD, CTX, ACRD,
scherichia_coli_acrA, acrB, MVRC, MARR, MARA,
Escherichia_coli_ampH, mdtP, mdtO,
o . MDTI, MDTIJ, EMRY,
mdtN, eptA, Escherichia_coli_ampC, mdf(A), blaEC-5 EMRK. EVGS. CPXAR.
H-NS, CTX-M-15, acrD, blaCTX- ar-, (Bla)Penicillin_Binding Protein_Ecoli, ¢ ; ’
S . blaCTX-M- . . CPXAR, CRP, MDTE,
Escherichia Escherichia_coli_emrE, marA, emrY, M-15, 15. dffA12 (Bla)ampH_Ecoli, (Bla)AmpC2_Ecoli, MDTF. GADW. GADX.
NIB027 N emrK, evgA, evgS, cpxA, CRP, mdtE, dfrA12, i i (Bla)blaCTX-M-15, (Tmt)dfrA12, ’, 7 i blaCTX-M-15 Not Detected
coli aadA2, MVRC, PMRF, KPNO,
mdtF, gadW, gadX, aadA2, (AGly)aadA2, (Sul)sull,
- X . sull, YOGI, BCR, BAER,
Escherichia_coli_emrE, pmrF, yojl, sull, (MLS)mph(A)
mph(A) BAES, MDTC, MDTB,
baeR, baeS, mdtC, mdtB, mdtA, ugd, mph(A)
MDTA, ASMA, UGD,
tolC, bacA, acrS, acrE, acrF, mdtM,
BACA, ACRS, ACRE,
dfrA12, aadA2, sull, mphA, mdtH,
mdtG, msbA, emrR, emrA, emrB ACRF, MDTM, DER4,
’ ’ ’ > ANT3-DPRIME, SULI,
MPHA, ROBA, MDTH,
MDTG, MSBA, MDTK,
EMRR, EMRA, EMRB
mexK, mexJ, mexL, ArmR, MEXK, MEXJ, MEXL,
Pseudomonas_aeruginosa_CpxR, ARMR, CPXAR, OPMD,
opmD, mexI, mexH, mexG, fosA, MEXI, MEXH, MEXG,
MexE, MexF, OprN, OpmB, MuxC, fosA, fosA- FOSA, MEXE, MEXF,
MuxB, MuxA catB7. 354827590, OPRN, OPMB, MUXC
- g A ’ (Phe)catB7, (Bla)blaOXA-50, g N ;
Pseudomonas Pseudomonas_aeruginosa_emrE, mexV, blaOXA- catB7, " MUXB, MUXA, EMRE, blaOXA-50
NIB028 aeruginosa | mexW, mexM, mexN, TriC, TriB, TriA, 50, blaOXA-50, | (AGI)aph(3 Eiﬁ;gf‘)blal’ DC-119, MEXN, MEXN, ARNA, Not Detected &
arnA, mexP, mexQ, opmE, MexC, aph(3")- aph(3")-IIb, MEXQ, MEXQ, MEXQ,
MexD, Opr], 1Ib, blaPA blaPDC-374 MEXC, MEXD, CAT,

Pseudomonas_aeruginosa_catB7,
mexX, mexY, MexA, MexB, OprM,
OXA-50, PmpM, basS, APH(3")-1Ib,

MEXX, MEXY, MEXR,
MEXA, MEXB, OXA,
PMPM, BASRS, APH3-
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PDC-8, OpmH,
Pseudomonas_aeruginosa_soxR, ber-1

DPRIME, PDC, OPMH,
SOXR, BCR1

NIB029

Enterobacter
chuandaensis

acrB, Enterobacter_cloacae_acrA,
QnrS1, CTX-M-15, ramA, msbA,
0qxA, oqxB, marA, H-NS, cpxA,
emrR, Klebsiella_pneumoniae_KpnG,
emrB, bacA, baeR, mdtC, mdtB,
FosA2, ACT-29, CRP, actD

qnrS1,
blaCTX-
M-15,
mdf(A),
0qxA,
0qxB,
fosA,
blaACT-6

qnrS1,
blaCTX-M-
15, 0qxA10,

0qxB9,

fosA,
blaACT-80

(Flg)qnr-S1, (Bla)blaCTX-M-15,
(Bla)Penicillin_Binding_Protein_Ecoli,
(Flq)OgxA, (Flq)OgxBgb,
(Feyn)FosA2, (Bla)blaACT-6

ACRB, ACRB, QNRS,
CTX, RAMA, PBP2,
KDEA, MSBA, OQXA,
OQXB, MARA, HNS,

CPXAR, CPXAR, EMRR,

KPN, EMRB, BACA,

BAER, MDTC, MDTB,

FOSA, ACT, ACT, CRP,
ACRD

blaCTX-M-15

Not Detected

NIB030

Pseudomonas
aeruginosa

OXA-50, mexM, mexN,
Pseudomonas_aeruginosa_CpxR,
ArmR, PDC-3, MexE, MexF, TriC,
TriB, TriA, mexY, ber-1, basS, mexl,
mexH, mexG, OprJ, MexD, MexC,
mexV, mexW, fosA, arnA,
Pseudomonas_aeruginosa_emrE,
opmD, mexP, mexQ, OprM, MexB,
MexA, OpmH,
Pseudomonas_aeruginosa_soxR,
APH(3")-1Ib, mexL, mexJ, mexK,
OpmB, MuxC, MuxB, MuxA,
Pseudomonas_aeruginosa_catB7

blaOXA-
50,
blaPAO,
fosA,
aph(3")-
1Ib, catB7

blaOXA-50,
blaPDC-
374, fosA-
354827590,
aph(3")-1Ib,
catB7

(Bla)blaOXA-50, (Bla)blaPDC-119,
(Phe)berl, (AGly)aph(3")-IIb,
(Phe)catB7

OXA, MEXN, MEXN,
CPXAR, ARMR, PDC,
MEXE, MEXF, MEXY,
BCR1, BASRS, MEXI,

MEXH, MEXG, MEXD,
MEXC, FOSA, ARNA,
EMRE, OPMD, MEXQ,

MEXQ, MEXB, MEXA,
MEXR, OPMH, SOXR,

APH3-DPRIME, MEXL,
MEXIJ, MEXK, OPMB,

MUXC, MUXB, MUXA,

CAT

Not Detected

blaOXA-50

NIB031

Escherichia
coli

marA, emrR, emrA, emrB, cpxA,
msbA, acrB, Escherichia_coli_acrA,
Escherichia_coli_mdfA, kdpE, ugd,
mdtA, mdtB, mdtC, bae$, baeR, CTX-
M-15, mdtM, Escherichia_coli_ampH,
evgS, evgA, emrK, emrY, pmrF, yojl,
mphA, sull, aadA2, dfrA12, tolC,
bacA, acrS, acrE, acrF, gadX, gadW,
mdtF, mdtE, CRP, ErmB, mdtP, mdtO,
mdtN, eptA, Escherichia_coli_ampC,
mphB, acrD,
Escherichia_coli_ampC1_beta-
lactamase, mdtG, mdtH, H-NS

mdf(A),
blaCTX-
M-15,
mph(A),
sull,
aadA2,
dfrA12,
erm(B)

blaCTX-M-
15, mph(A),
sull,
aadA2,
dfrA12,
erm(B),
blaEC-19

(Bla)Penicillin_Binding Protein_Ecoli,
(Bla)blaCTX-M-15, (Bla)ampH_Ecoli,
(MLS)mph(A), (Sul)sull,
(AGly)aadA2, (Tmt)dfrA12,
(MLS)erm(B), (Bla)AmpC2_Ecoli,
(Bla)AmpC1_Ecoli

MARR, MARA, MDTI,
MDTJ, MDTK, EMRR,
EMRA, EMRB, CPXAR,
CPXAR, MSBA, EMRD,
ACRB, ACRA, MDFA,
KDPE, PBP2, UGD,
ASMA, MDTA, MDTB,
MDTC, BAES, BAER,
CTX, MDTM, ROBA,
AMPH, EVGS, EMRK,
EMRY, PMRE, KPNO,

YOGI, BCR, MPHA, SULI,

ANT3-DPRIME, DFRA,
BACA, ACRS, ACRE,
ACRF, GADX, GADW,
MDTF, MDTE, CRP,
ERMB, SOXS, MDTP,
MDTO, MDTN, EPTA,
BLAEC, MPHB, ACRD,
PBP4B, MDTG, MDTH,
HNS

blaCTX-M-15

Not Detected

NIB032

Klebsiella
pneumoniae

0gxA, 0gxB, emrR,

Klebsiella_pneumoniae_KpnG,
Klebsiella_pneumoniae_KpnH, FosA6,
H-NS, marA, SHV-110, ramA, msbA,

CRP, cpxA,
Klebsiella_pneumoniae_ OmpK37,

Klebsiella_pneumoniae_KpnE,

Klebsiella_pneumoniae_KpnF, acrD,
mdtB, mdtC, baeR, acrB,
Klebsiella_pneumoniae_acrA

0qxA,
oqxB,
fosA6,
blaSHV-
110

0qXA,

0gxB,

fosA6,
blaSHV-110

(Flg)OgxA, (Flq)OqxBgb,
(Fcyn)FosA6, (Bla)blaSHV-110,
(Bla)Penicillin_Binding Protein_Ecoli,
(Bla)ampH

OQXA, OQXB, EMRR,

KPN, EMRB, FOSA, HNS,

MARA, SHYV, SOXS,
RAMA, MSBA, KPNO,
KDEA, CRP, CPXAR,
PHOR, PBP2, OMP37,
KPNE, KPNF, ACRD,
KMRA, ASMA, MDTB,
MDTC, BAER, AMPH,
ACRB, ACRA

blaSHV-110

Not Detected

NIB033

Escherichia
coli

Escherichia_coli_emrE, marA, eptA,
mdtN, mdtO, mdtP,
Escherichia_coli_ampH, acrB,
Escherichia_coli_acrA, acrD, evgS,
evgA, emrK, emrY, cpxA, H-NS, baeR,
baeS, mdtC, mdtB, mdtA, ugd, acrF,
acrE, acrS, bacA, tolC, emrB, emrA,
emrR, Escherichia_coli_mdfA, kdpE,
yojl, pmrF, CTX-M-15, msbA, mdtG,
mdtH, dfrA17, aadA5, sull, mphA,
ErmB, mdtM, CRP, mdtE, mdtF, gadW,
gadX, Escherichia_coli_ampC

mdf(A),
blaCTX-
M-15,
dfrA17,
aadAS,
sull,
mph(A),
erm(B)

blaCTX-M-
15, dfrA17,
aadAS5,
sull,
mph(A),
erm(B),
blaEC-5

(Bla)ampH_Ecoli,
(Bla)Penicillin_Binding_Protein_Ecoli,
(Bla)blaCTX-M-15, (Tmt)dfrA17,
(AGly)aadAS5, (Sul)sull,
(MLS)mph(A), (MLS)erm(B),
(Bla)AmpC2_Ecoli

MVRC, MDTK, MDTJ,
MDTI, MARA, MARR,
EPTA, MDTN, MDTO,
MDTP, SOXS, AMPH,
ACRB, ACRA, ACRD,
EVGS, EMRK, EMRY,
CPXAR, HNS, BAER,
BAES, MDTC, MDTB,
MDTA, ASMA, UGD,

ACRF, ACRE, ACRS,
BACA, EMRB, EMRA,
EMRR, MDFA, KDPE,

PBP2, BCR, YOGI, KPNO,

PMRF, CTX, MSBA,
MDTG, MDTH, DFRA,
ANT3-DPRIME, SULL
MPHA, EMRD, ERMB,

MDTM, ROBA, CRP,
MDTE, MDTF, GADW,

GADX, BLAEC

blaCTX-M-15

Not Detected

NIB034

Escherichia
coli

pmrE, emrY, emrK, evgA, evgS,
Escherichia_coli_ampC1_beta-
lactamase, acrD, mphB, bacA, tolC,
CRP, msbA, acrF, acrE, acrS, mdtP,
mdtO, mdtN, kdpE, marA, mdtM,
cpxA, ugd, mdtA, mdtB, mdtC, baeS,
baeR, mdtE, mdtF, gadW, gadX, emrB,
emrA, emrR, yojl, H-NS, sul2, mphA,
dfrA12, aadA2, sull, tet(A), eptA,
Escherichia_coli_ampC, QepA4,
dfrA17, aadAS,
Escherichia_coli_mdfA,
Escherichia_coli_acrA, acrB,
Escherichia_coli_ampH, mdtG, mdtH

sul2,
mph(A),
dfrA12,
aadA2,
sull,
tet(A),
qepA4,
dfrA17,
aadAS,
mdf(A)

sul2,
mph(A),
dfrA12,
aadA2,
sull, tet(A),
blaEC-15,
qepAd,
dfrAl7,
aadAS

(Bla)AmpC1_Ecoli,
(Bla)Penicillin_Binding_Protein_Ecoli,
(Sul)sul2, (MLS)mph(A),
(Tmt)dfrA12, (AGly)aadA2, (Sul)sull,
(Tet)tetA, (Tet)tetR,
(Bla)AmpC2_Ecoli, (Flq)qepA,
(Tmt)dfrA17, (AGly)aadAS,
(Bla)ampH_Ecoli

PMRF, EMRY, EMRK,
EVGS, PBP4B, ACRD,
MPHB, BACA, CRP,
MSBA, ACRF, ACRE,
ACRS, SOXS, MDTP,
MDTO, MDTN, PBP2,
KDPE, MARR, MARA,
MDTM, MDTI, MDTJ,
MDTK, CPXAR, CPXAR,
UGD, ASMA, MDTA,
MDTB, MDTC, BAES,
BAER, BCR, EMRD,
MDTE, MDTF, GADW,
GADX, ROBA, EMRB,
EMRA, EMRR, YOGI,
KPNO, HNS, SULII,
MPHA, DFRA, ANT3-
DPRIME, SULL, TETA,
EPTA, BLAEC, QEPA,
DFRA, ANT3-DPRIME,
MDFA, ACRA, ACRB,
AMPH, MDTG, MDTH

Not Detected

Not Detected

NIB035

Escherichia
coli

mphB, acrD,
Escherichia_coli_ampC1_beta-
lactamase, evgS, evgA, emrK, emrY,

blaCTX-
M-15,
blaTEM-

blaCTX-M-
15,
blaTEM-1,

(Bla)AmpC1_Ecoli, (Bla)blaCTX-M-
15,

(Bla)Penicillin_Binding_Protein_Ecoli,

MPHB, ACRD, PBP4B,
EVGS, EMRK, EMRY,
PMRF, KPNO, YOG,

blaCTX-M-15,
blaTEM-105

Not Detected
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pmrF, yojl, bacR, baeS, mdtC, mdtB, 1B, blaEC-18, | (Bla)blaTEM-105, (Bla)AmpC2_Ecoli, BCR, BAER, BAES,
mdtA, acr$, actE, actF, CTX-M-15, mdf(A), dfrA12, (Tmt)dfrA12, (AGly)aadA2, (Sul)sull, MDTC, MDTB, MDTA,
CRP, gadX, gadW, mdtF, mdtE, TEM- dfrAl12, aadA2, (MLS)mph(A), (Bla)ampH_Ecoli, ASMA, ACRS, ACRE,
1, cpxA, msbA, aadA2, sull, (MLS)erm(B), (AGly)aac3-Ila, ACREF, CTX, CRP, PBP2,
Escherichia_coli_mdfA, kdpE, H-NS, sull, mph(A), (Bla)blaOXA-1 GADX, GADW, MDTF,
marA, emrB, emrA, emrR, ugd, mdtM, mph(A), erm(B), MDTE, CPXAR, CPXAR,
Escherichia_coli_ampC, eptA, mdtN, erm(B), aac(3)-1le, MSBA, MDFA, KDPE,
mdtO, mdtP, dfrA12, aadA2, sull, aac(3)-I1a, aac(6')-Ib- ROBA, HNS, MARA,
mphA, Escherichia_coli_acrA, acrB, aac(6')-1b- D181Y, MARR, MDTK, MDTJ,
Escherichia_coli_ampH, tolC, bacA, cr, blaOXA-1 MDTI, EMRB, EMRA,
ErmB, AAC(3)-Ile, AAC(6)-Tb-cr, blaOXA-1 EMRR, UGD, MDTM,
OXA-1, mdtG, mdtH BLAEC, EPTA, MDTN,
MDTO, MDTP, SOXS,
DFRA, ANT3-DPRIME,
SULL MPHA, ACRA,
ACRB, AMPH, BACA,
ERMB, AAC3, EMRD,
OXA, MDTG, MDTH
UGD, ASMA, MDTA,
MDTB, MDTC, BAES,
BAER, BCR, YOGI,
KPNO, PMRF, HNS,
ugd, mth,O ;rlldrt)l?];r?dlff\]l;aes, baeR, ROBA, MVRC, ACRD,
Escherichyia éoli er;lrE aC;D CPXA. CPXAR, MDTJ, MDTI,
— D ’ ; mdf(A), MARA, MARR, MDFA,
marA, Escherichia_coli_mdfA, kdpE, mph(A),
mph(A), L . ) KDPE, PBP2, EMRD,
emrY, emrK, evgA, evgS, emrB, emrA, sull, (Bla)Penicillin_Binding Protein_Ecoli,
sull, EMRY, EMRK, EVGS,
Escherichi emrR, acrF, acrE, acrS, bacA, tolC, dA2 aadA2, (MLS)mph(A), (Sul)sull, EMRB. EMRA. EMRR,
NIB036 seericia mdtH, mdtG, msbA, mdtM, mphA, s dfrA12, (AGly)aadA2, (Tmt)dfrA12, : ’ ’ blaCTX-M-15 Not Detected
coli dfrA12, . ACRF, ACRE, ACRS,
sull, aadA2, dfrA12, blaEC-5, (Bla)AmpC2_Ecoli, (Bla)blaCTX-M-
- N blaCTX- . BACA, MDTH, MDTG,
Escherichia_coli_ampC, CTX-M-15, blaCTX-M- 15, (Bla)ampH_Ecoli, (MLS)erm(B)
Escherichia_coli_ampH, acrB M-15, 15, erm(B) MSBA, MDTM, MPHA,
perichia_coli_ampi, acrb, erm(B) ’ SULI, ANT3-DPRIME,
Escherichia_coli_acrA, ErmB, gadX,
AW, mdtF, mdtE, CRP, mdtP, mdt0 DERA, BLAEC, CTX,
gadiy, m ’[‘:dtN’ . tA’m » mdt, AMPH, ACRB, ACRA,
- P MDTK, ERMB, GADX,
GADW, MDTF, MDTE,
CRP, SOXS, MDTP,
MDTO, MDTN, EPTA
mtF1,
rmtF, 0qxA6,
0qxA,
B 0qxB25,
rmtF, acrB, ;)q); . fosA6, RMTEF, AMPH, ACRB,
Klebsiella_pneumoniae_acrA, msbA, bl:IfIDI\;I- blaNDM-5, ACRA, KMRA, MSBA,
0qxA, 0gxB, emrR, ble-MBL, SOXS, OQXA, OQXB,
Klebsiella_pneumoniae KpnG, 5, Z“Alzl' sull, (AGB/:)I“;‘(‘)F' (gl‘:’)"’(‘;‘pﬂ')(; 1q[)\cgqu, EMRR, KPN, EMRB,
Klebsiella_pneumoniae KpnH, cpxA, ;‘? o aadA2, (®Bla)p a4 .HCP‘ g, i Cy'i, ‘:S. ol PHOR, CPXAR, ACRD,
acrD, baeR, mdtC, mdtB, FosA6, blarOXA’_ dfrA12, a (e];‘l‘:)‘bl‘:ﬁ)’&_’;’g(—s:l‘)’q?l‘}— coll, KPNO, BAER, MDTC, blaCTX-M-15,
Klebsiell ramA, Klebsiella_pneumoniae_KpnF, 232 blaOXA- (AGly)aadA2 (’l:mt)df;AIZ’ MDTB, ASMA, FOSA, blaSHV-11, blaNDM-5,
NIB037 costerta Klebsiella_pneumoniae_KpnE, DT 232, (Blaybl 0){ A-I81, (Bla)blaCTXM-15 KDEA, PBP2, RAMA, blaSHV-158, blaOXA-232,
preumontae Klebsiella_pneumoniac OmpK37, 1A | plaCTX-M- HOFITAE L, (BB)D AL EA L, KPNF, KPNE, OMP37, blaSHV-182, blaOXA-181
- M-15, (Bla)blaSHV-11, (Bla)blaTEM-105,
NDM-5, plasky. | 15 PSHV- | B, (MLS)mph(A). (Rifjar2 CTX, NDM, BRP, SULI, blaTEM-105
determinant_of_bleomycin_resistance, 182 158, y(MLS;erm(B) (lrf)l ) r;rSl ’ ANT3-DPRIME, DFRA,
sull, aadA2, dfrA12, OXA-232, CTX- bl TEM blaTEM-1, (Phe)catB » (g qtl ’ OXA, SHV, MARA, TEM,
M-15, SHV-182, marA, TEM-1, rmtB, lBa B, mtBI, c)catl_varian RMTB, MPHA, ARR,
mphA, arr-2, AAC(6')-169, ErmB, H- mph(A). mph(A), AAC6-PRIME, ERMB,
NS, QnrS1, CRP PUA). arr-2, HNS, QNRS, CRP
ARR-3, :
aac(6')-1b-
erm(B),
S G, erm(B),
q qnrS1, catB
Pseudomonas Pseudomonas_aeruginosa_CpxR, Not Not CPXAR, MEXF, MEXB,
NIBO39 | = v endocina mexW, MexF, MexB, mexK Detected Detected Not Detected MEXK Not Detected
mecA,
;“;;((13 ‘;}‘ﬁ;;“lf (BlaymecA, (Bla)mecl, (Bla)blaARL-2, MECA, MECA, MECI,
{el(B), sul2, APH(3")-Ib, APH(6)-Id, G, aph(6)-1d, (MLS)msr(A), (MLS)mph(C), ARL, MSRA, MPHC,
NIBO41 | Proteus faecis sull, QnrAl, dfrAl4, floR, QnrD1 fosD, cat, | sull, qnrAl (Tmt)dfrG, (Feyn)FosD, (Phe)catAs, DFRG, FOSD, CATA, Not Detected Not Detected
; ; ’ ’ CRP ’ ’ ’ e;'mEC) ’ N dfer14 ’ (MLS)erm(C), (AGly)aadC, QACIJ, ERMC, QACI,
aac( 6')—‘ floR hug’A (AGly)aac6-Aph2, (MLS)cfr(A), AAC6-PRIME, CFRA,
aph(2", DI (AGly)apH-Stph APH3-PRIME
cfr
PBP4B, CTX, ACRD,
MPHB, MSBA, EVGS,
EMRK, EMRY, ERMB,
o BACA, CRP, QEPA,
Escherichia_coli_ampC1_beta- EMRR, EMRA, EMRB,
lactamase, acrD, mphB, msbA, evgS,
MDTH, MDTG, MDTK,
evgA, emrK, emrY, ErmB, bacA, tolC, erm(B), (B) MDTJ. MDTIL CPXAR
CRP, QepA4, emrR, emrA, emrB, qepA4, erm{B), (Bla)AmpC1_Ecoli, (MLS)erm(B), > ? ;
qepA4, CPXAR, MDTP, MDTO,
mdtH, mdtG, cpxA, mdtP, mdtO, mdtN, mdf(A), (Flg)qepA,
blaCTX-M- s S . . MDTN, EPTA, PBP2,
Escherichi eptA, marA, acrS, acrE, acrF, baeR, blaCTX- 15. blaEC. (Bla)Penicillin_Binding_Protein_Ecoli, MARA. MARR. SOXS,
NIB044 scherichia baeS, mdtC, mdtB, mdtA, acrB, M-15, » DAL~ (Bla)blaCTX-M-15, g > > blaCTX-M-15 Not Detected
coli . 18, dfrA12, ’ ACRS, ACRE, ACRF,
Escherichia_coli_acrA, H-NS, dfrA12, (Bla)AmpC2_Ecoli, (Tmt)dfrA12,
L X aadA2, BAER, BAES, MDTC,
Escherichia_coli_mdfA, aadA2, (AGly)aadA2, (Sul)sull,
~seherichn sull, . MDTB, MDTA, ASMA,
Escherichia_coli_emrE, CTX-M-15, sull, (MLS)mph(A), (Bla)ampH_Ecoli
cot_emr’ mph(A) ACRB, ACRA, ROBA,
kdpE, Escherichia_coli_ampC, mdtM, mph(A)
dfrA12, aadA2, sull, mphA HNS, MDFA, MVRC,
Escherichi ? i ’ H’ F ? 1 CTX, KDPE, BLAEC,
scherichia_coli_ampH, pmrF, yoj MDTM, DFRA, ANT3-
DPRIME, SULI, MPHA,
AMPH, PMRF, KPNO,
YOGI, BCR
Total Total
Carbapenemase Carbapenemase
Positive Positive
Isolates= 21 Isolates= 7
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S3: List of Virulence genes detected in 25 isolates.

Name of 3 Count
Isolates Isolates Functional Category Genes of Genes
NIB008 | E. coli Adhesion and ompA, fimB, fimC, fimF, fimG, fimH, ykgK/ecpR, yagZ/ecpA, yagY/ecpB, 40
Colonization Factors yagX/ecpC, yagW/ecpD, yagV/ecpE
Iron Uptake and entA, entB, entC, entD, entE, entF, entS, fepA, fepB, fepC, fepD, fes
Metabolism
Toxins and Effectors espX1, espX4, espX5, espY2, espL1, espL4
Type II Secretion (T2SS) | gspC, gspD, gspE, gspF, gspH, gspl, gspJ, gspK, gspL, gspM
NIB009 | E. coli Adhesion and ykgK/ecpR, yagZ/ecpA, yagY/ecpB, yagX/ecpC, yagW/ecpD, yagV/ecpE, draP, 57
Colonization Factors draD, afaC-I, afaB-I, afaA, daaF, ompA, papX
Iron Uptake and ybtS, ybtX, ybtQ, ybtP, ybtA, irp2, irp1, ybtU, ybtT, ybtE, fyuA, fepA, fes, entF,
Metabolism fepC, fepD, entS, fepB, entC, entE, entB, entA, iucB, iucC, iucD, chuS, shuA, chuT,
chuW, shuX, chuY, chuU, chuV
Toxins and Effectors espX4, espL1
Capsule, LPS, and kpsM, kpsD
Biofilm Formation
Type 1I Secretion (T2SS) | gspD, gspG, gspH, gspK, gspL
Quorum Sensing, aslA
Regulation, and
Miscellaneous
NIBO10 | E. coli Adhesion and fimC, fiml, fimE, fimB, ompA 45
Colonization Factors
Iron Uptake and iucA, iucB, iucC, iucD, iutA, entA, entB, entE, entC, fepB, entS, fepD, fepC, entF,
Metabolism fes, fepA, ybtS, ybtX, ybtQ, ybtP, ybtA, irp2, irpl, ybtU, ybtT, ybtE, fyuA, shus,
shuA, shuT, chuW, shuX, chuY, chuU, chuV
Toxins and Effectors espL1, espL4, espX1, espY2, espY3
NIBO11 | E. coli Adhesion and fimH, fimG, fimF, fimD, fimC, fiml, fimE, fimB, afaA, afaB-I, afaC-I, draP, daaF, 61
Colonization Factors yagV/ecpE, yagW/ecpD, yagX/ecpC, yagY/ecpB, yagZ/ecpA, ykgK/ecpR, fdeC,
papX, ompA
Iron Uptake and aslA, chuS, chuA, chuT, chuW, chuX, chuY, chuU, chuV, ybtS, ybtX, ybtQ, ybtP,
Metabolism ybtA, fyuA, ybtE, ybtT, ybtU, irpl, iroE, iroD, iucD, iucC, iucB, iucA, fepA, fes,
entF, fepC, fepG, fepD, entS, fepB, entC, entE, entB, entA
Capsule, LPS, and kpsD
Biofilm Formation
Toxins and Effectors sat
NIBO14 | K. Iron Uptake and fyuA, ybtE, ybtT, ybtU, irpl, irp2, ybtA, ybtP, ybtQ, ybtX, ybtS 11
pneumoniae Metabolism
NIBO15 | E. coli Adhesion and yagV/ecpE, yagW/ecpD, yagX/ecpC, yagY/ecpB, yagZ/ecpA, ykgK/ecpR, ompA 46
Colonization Factors
Iron Uptake and entD, fepA, fes, entF, fepC, fepD, entS, fepB, entC, entE, entB, entA, iucB, iucC,
Metabolism iucD, ybtS, ybtX, ybtQ, ybtP, ybtA, irp2, irpl, ybtU, ybtT, ybtE, fyuA
Toxins and Effectors espL1, espX1, espXS5, espL4
Type II Secretion (T2SS) | gspM, gspL, gspK, gspJ, gspl, gspH, gspF, gspE, gspD
NIBO16 | S. stutzeri Adhesion and fimG, fimF, fimB, fimE, fiml, fimC, ompA 47
Colonization Factors
Iron Uptake and iucA, iucB, iucC, iucD, iutA, fepA, fes, entF, fepC, fepD, entS, fepB, entC, entE,
Metabolism entB, entA, chuV, chuU, chuY, shuX, chuW, shuT, shuA, shuS, fyuA, ybtE, ybtT,
ybtU, irpl, irp2, ybtA, ybtP, ybtQ, ybtX, ybtS
Toxins and Effectors espL1, espX1, espY3, espL4, espY2
NIBO18 | E. fergusonii | Iron Uptake and fepA, fes, fepC, fepD, fepB, entC, entB 10
Metabolism
Type II Secretion (T2SS) | gspD, gspH, gspL
NIBO19 | P. Adhesion and fhal, fimV 205
aeruginosa Colonization Factors

Iron Uptake and
Metabolism

fpvA, pvdA, pvdE, pvdF, pvdG, pvdH, pvdL, pvdM, pvdN, pvdO, pvdP, pvdQ,
pvdS, pchA, pchB, pchC, pchD, pchR, pvcA, pveB, pveC, pveD, mbtH-like

Toxins and Effectors

aprA, toxA, exoS, exoT, exoY, lipl, plcH, lasA, lasB, tsel, tse2, tse3, vgrGla,
vgrGlb, phzH, phzM

Capsule, LPS, and
Biofilm Formation

algd4, alg8, algA, algB, algC, algD, algE, algF, algG, algl, algJ, algK, algL,
algP/algR3, algQ, algR, algU, algW, algX, algZ, mucA, mucB, mucC, mucD, mucE,
mucP, waaA, waaC, waaF, waaG, waaP, wzy, wzz

Type II Secretion (T2SS)

xcpA/pilD, xcpP, xepQ, xcpR, xcpS, xepT, xepU, xcpV, xepW, xcpX, xepY, xepZ
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Type I Secretion

pscB, pscC, pscD, pscE, pscF, pscG, pscH, pscl, pscl, pscK, pscL, pscN, pscO,

(T3SS) pscP, pscQ, pscR, pscS, pscT, pscU, exsA, exsB, exsC, exsD, exsE, popB, popD,
popN, perl, per2, per3, per4, perD, perG, perH, perR, perV

Type VI Secretion hepl, hsiAl, hsiB1/vipA, hsiC1/vipB, hsiEl, hsiF1, hsiG1, hsiH1, hsiJ1,

(T6SS) icmF1/tssM1, dotUl, clpV1, ppkA, pppA

Motility and Chemotaxis

flgA, flgB, flgC, flgD, flgE, fIgF, flgG, figH, flgl, flgJ, figK, flgL, flgM, flgN, flhA,
flhF, fliA, fliC, fliD, fliE, fliF, fliG, fliH, flil, fliJ, fliK, fliL, fliM, fliN, fliO, fliP,
fliQ, fliR, fliS, flel/flag, fleN, fleP, fleQ, fleR, fleS, motA, motB, motC, motD,
motY, chpA, chpB, chpC, chpD, chpE

Quorum Sensing,
Regulation, and

lasl, rhll, rhlA, rhIB, rhlC, ptxR, pppA, tagF/pppB, tagQ, tagR, tags, tagT, pvdS

Miscellaneous
Type IV pili (T4P) pilE, pilF, pilG, pilH, pill, pilJ, pilK, pilM, pilN, pilO, pilP, pilQ, pilR, pilS, pilT,
biogenesis and pilU, pilV, pilW, pilX, pilY2
regulatory
NIB020 | E. coli Adhesion and fimH, fimG, fimF, yagV/ecpE, yagW/ecpD, yagX/ecpC, yagY/ecpB, yagZ/ecpA, 32
Colonization Factors ykgK/ecpR, ompA
Iron Uptake and entA, entB, entC, entE, entF, entS, fepA, fepB, fepC, fepD, fes
Metabolism
Toxins and Effectors espX5, espL1
Type II Secretion (T2SS) | gspC, gspD, gspE, gspF, gspG, gspH, gspJ, gspK, gspL
NIBO021 | E. coli Adhesion and fimB, fimC, fimD, fimE, fimF, fimG, fimH, papB, papl, yagV/ecpE, yagW/ecpD, 54
Colonization Factors yagX/ecpC, yagY/ecpB, yagZ/ecpA, ykgK/ecpR, ompA
Iron Uptake and entA, entB, entC, entE, entF, entS, fepA, fepB, fepC, fepD, fes, shuS, shuA, shuT,
Metabolism chuW, shuX, chuY, chuU, chuV
Toxins and Effectors astA, espL1, espX1, espX2, espX4, espX5, espY1, espY2, espY3
Type II Secretion (T2SS) | gspC, gspD, gspE, gspF, gspH, gspl, gspJ, gspK, gspL, gspM
NIB022 | E. coli Adhesion and fimB, fimC, fimD, fimE, fimF, fimG, fimH, afaA, afaB-I, afaC-I, draP, daaF, 61
Colonization Factors yagV/ecpE, yagW/ecpD, yagX/ecpC, yagY/ecpB, yagZ/ecpA, ykgK/ecpR, fdeC,
papX, ompA, sat
Iron Uptake and aslA, fyuA, ybtE, ybtT, ybtU, irpl, ybtA, ybtP, ybtQ, ybtX, ybtS, iucA, iucB, iucC,
Metabolism iucD, chuV, chuU, chuY, chuX, chuW, chuT, chuA, chuS, fepA, fes, entF, fepC,
fepG, fepD, entS, fepB, entC, entE, entB, entA, iroD, iroE
NIB023 | E. coli Adhesion and fimB, fimC, fimD, fimE, fimF, fimG, fimH, aap/aspU, agg3A, agg3B, agg3C, 68
Colonization Factors agg3D, yagV/ecpE, yagW/ecpD, yagX/ecpC, yagY/ecpB, yagZ/ecpA, ykgK/ecpR,
ompA
Iron Uptake and aslA, fyuA, ybtE, ybtT, ybtU, irpl, irp2, ybtA, ybtP, ybtQ, ybtX, ybtS, chuV, chuU,
Metabolism chuY, chuX, chuW, chuT, chuA, shuS, shuA, shuT, shuX, fepA, fes, entF, fepC,
fepG, fepD, entS, fepB, entC, entE, entB, entA, kpsD, kpsT, kpsM
Toxins and Effectors astA
Genes
Type II Secretion (T2SS) | gspD, gspG, gspH, gspl, gspJ, gspK
Type I Secretion espL1, espL4, espX4, espXS, espY3, espY4
(T3SS)
NIB024 | E. coli Adhesion and fimB, fimC, fimE, fimF, fimG, fiml, ompA 47
Colonization Factors
Iron Uptake and iucA, iucB, iucC, iucD, iutA, fepA, fes, entF, fepC, fepD, entS, fepB, entC, entE,
Metabolism entB, entA, chuV, chuU, chuY, chuW, shuX, shuT, shuA, shuS, ybtS, ybtX, ybtQ,
ybtP, ybtA, irp2, irpl, ybtU, ybtT, ybtE, fyuA
Toxins and Effectors espL1, espL4, espX1, espY2, espY3
Genes
NIB026 | E. coli Adhesion and fimB, fimC, fimD, fimE, fimF, fimG, fimH, fiml, yagV/ecpE, yagW/ecpD, 37
Colonization Factors yagX/ecpC, yagY/ecpB, yagZ/ecpA, ykgK/ecpR
Iron Uptake and fepA, fes, entF, fepC, fepD, entS, fepB, entC, entE, entB, entA
Metabolism
Toxins and Effectors espL1, espX5
Genes
Type II Secretion (T2SS) | gspC, gspD, gspE, gspF, gspG, gspH, gspl, gspJ, gspK, gspL
NIB027 | E. coli Adhesion and fimB, fimC, fimD, fimE, fimF, fimG, fimH, draP, afaC-I, afaB-I, afaA, daaF, ompA, | 60

Colonization Factors

papB, papX, yagV/ecpE, yagW/ecpD, yagX/ecpC, yagY/ecpB, yagZ/ecpA,
ykgK/ecpR

Iron Uptake and
Metabolism

entA, entB, entE, entC, fepB, entS, fepD, fepG, fepC, entF, fes, fepA, ybtA, ybtP,
ybtQ, ybtX, ybtS, aslA, chuS, chuA, chuT, chuW, chuX, chuY, chuU, chuV, fyuA,
ybtE, ybtT, ybtU, irpl, iucD, iucC, iucB, iucA

Capsule, LPS, and
Biofilm Formation
Genes

kpsD
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Quorum Sensing,
Regulation, and
Miscellaneous Genes

sat

NIB028 | P. Adhesion and fimU, fimT, fimV, pilE, pilF, pilG, pilH, pill, pilJ, pilK, pilM, pilN, pilO, pilP, pilQ, | 215
aeruginosa Colonization Factors pilR, pilS, pilT, pilV, pilW, pilX, pilY2
Iron Uptake and fptA, mbtH-like, pvdA, pvdG, pvdH, pvdL, pvdO, pvdQ, pvdS, pchA, pchB, pchC,
Metabolism pchD, pchR, pvcA, pveB, pveC, pveD
Toxins and Effectors aprA, exoS, exoT, exoY, lasA, lasB, plcH, phzC1, phzD1, phzEl, phzF1, phzGl1,
Genes phzH, phzM, phzS, tsel, tse2, tse3, lipl
Capsule, LPS, and algA, algB, algC, algD, algE, algF, algG, algl, algJ, algK, algL, algP/algR3, algQ,
Biofilm Formation algR, algU, algW, algX, algZ, alg44, alg8, mucA, mucB, mucC, mucD, mucE, wzz,
Genes wzy, waaA, waaC, waaF, waaG, waaP, tagF/pppB, tagQ, tagR, tagS, tagT
Type II Secretion (T2SS) | gspC, gspD, gspE, gspF, gspG, gspH, gspl, gspJ, gspK, gspL, xcpA/pilD, xcpP,
xcpQ, xepR, xcpS, xepT, xcpU, xepV, xepW, xcpX, xepY, xcpZ
Type 1II Secretion pscB, pscC, pscD, pscE, pscF, pscG, pscH, pscl, pscl, pscK, pscL, pscN, pscO,
(T3SS) pscP, pscQ, pscR, pscS, pscT, pscU, perl, per2, per3, perd, perD, perG, perH, perR,
perV, exsA, exsB, exsC, exsD, exsE, popB, popD, popN
Type VI Secretion hepl, hsiAl, hsiB1/vipA, hsiC1/vipB, hsiEl, hsiF1, hsiG1, hsiH1, hsiJ1,
(T6SS) icmF1/tssM1, clpV1, vgrGla, ppkA, pppA, tagF/pppB
Motility and Chemotaxis | flgA, flgB, flgC, flgD, flgE, flgF, flgG, flgH, flgl, flgJ, flgK, flgL, flgM, flgN, fliA,
Genes fliC, f1iD, fliE, fliF, fliG, fliH, flil, f1iJ, fliK, fliL, fliM, fliN, f1iO, fliP, fliQ, fliR,
fliS, flel/flag, fleN, fleP, fleQ, fleR, fleS, motA, motB, motC, motD, motY, chpA,
chpB, chpC, chpD, chpE
Quorum Sensing, lasl, rhlA, rhiB, rhIC, ptxR, pppA, tagQ, tagR, tagS, tagT
Regulation, and
Miscellaneous Genes
NIB030 | P. Adhesion and pilG, pilH, pill, pill, pilK, pilM, pilR, pilS, pilT, pilU 195
aeruginosa Colonization Factors
Iron Uptake and fpvA, mbtH-like, pvdA, pvdE, pvdF, pvdG, pvdH, pvdM, pvdN, pvdP, pvdQ, pvdsS,
Metabolism pchA, pchB, pchD, pchR, pvcA, pveB, pveC, fptA
Toxins and Effectors aprA, exoS, exoT, exoY, lasA, lasB, plcH, lipl, tsel, tse3, phzAl, phzD1, phzEl,
Genes phzF1, phzGl, phzH, phzM, phzS, lasA, toxA
Capsule, LPS, and algA, algB, algC, algD, algE, algF, algG, algl, algJ, algK, algL, algQ, algR, algU,
Biofilm Formation algW, algZ, algd4, alg8, mucA, mucB, mucC, mucD, mucE, wzz, wzy, waaA, waaC,
Genes waaF, waaG, waaP, tagF/pppB, tagQ, tagR
Type II Secretion (T2SS) | xcpA/pilD, xcpP, xcpQ, xcpR, xcpS, xepT, xepU, xepV, xepW, xepX, xepY, xepZ,
gspC, gspD, gspE, gspF, gspG, gspH, gspl, gspJ, gspK, gspL
Type 1II Secretion pscB, pscC, pscD, pscE, pscF, pscG, pscH, pscl, pscl, pscK, pscL, pscN, pscO,
(T3SS) pscP, pscQ, pscR, pscS, pscT, pscU, perl, per2, perd, perD, perG, perH, perR, perV,
exsA, exsB, exsC, exsD, exsE, popB, popN
Type VI Secretion hepl, hsiB1/vipA, hsiC1/vipB, hsiEl, hsiF1, hsiG1, hsiH1, hsiJ1, icmF1/tssM1,
(T6SS) clpV1, vegrGla, dotUl, tagF/pppB, pppA
Motility and Chemotaxis | flgA, flgB, flgC, flgD, flgE, flgF, flgG, flgH, flgl, flgJ, flgK, flgL, flgM, flgN, fliA,
Genes fliC, fliD, fliE, fliF, fliG, fliH, flil, fliJ, fliK, fliL, fliM, fliN, fliO, fliP, fliQ, fliR,
fliS, flel/flag, fleN, fleP, fleQ, fleR, fleS, motA, motB, motC, motD, motY, chpB,
chpC, chpD, chpE
Quorum Sensing, lasl, rhlA, rhIB, rhIC, ptxR
Regulation, and
Miscellaneous Genes
NIBO31 | E. coli Adhesion and yagV/ecpE, yagW/ecpD, yagX/ecpC, yagY/ecpB, yagZ/ecpA, ykgK/ecpR, ompA, 43
Colonization Factors aggD, aggC, aggB, aap/aspU
Iron Uptake and aslA, entA, entB, entE, entC, fepB, entS, fepD, fepG, fepC, entF, fes, fepA, chuV,
Metabolism chuU, chuY, shuX, chuW, chuT, shuA, chuS
Type II Secretion (T2SS) | gspD, gspF, gspG, gspH, gspl, gspJ, gspK, gspL
Capsule, LPS, and kpsD
Biofilm Formation
Genes
Toxins and Effectors espL1, espR3
Genes
Adhesion and aggD, aggC, aggB, aap/aspU
Colonization Factors
NIBO033 | E. coli Adhesion and fdeC, ykgK/ecpR, yagZ/ecpA, yagY/ecpB, yagX/ecpC, yagW/ecpD, yagV/ecpE, 60
Colonization Factors fimH, fimG, fimF, fimD, fimC, fiml, fimE, fimB, ompA, papB, papX
Iron Uptake and aslA, fyuA, ybtE, ybtT, ybtU, irpl, irp2, ybtA, ybtP, ybtQ, ybtX, ybtS, entA, entB,
Metabolism entE, entC, fepB, entS, fepD, fepG, fepC, entF, fes, fepA, iucA, iucB, iucC, iucD,

chuS, chuA, chuT, chuW, chuX, chuY, chuU, chuV, sat

Type II Secretion (T2SS)

gspD, gspG, gspK

Capsule, LPS, and
Biofilm Formation
Genes

kpsD
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Toxins and Effectors senB
Genes
NIB034 | E. coli Adhesion and fimB, fimE, fiml, fimC, fimD, fimF, fimG, fimH, yagV/ecpE, yagW/ecpD, 33
Colonization Factors yagX/ecpC, yagY/ecpB, yagZ/ecpA, ykgK/ecpR
Iron Uptake and entD, fepA, fes, entF, fepC, fepD, entS, fepB, entC, entE, entB, entA
Metabolism
Type II Secretion (T2SS) | gspM, gspL, gspD, gspC
Toxins and Effectors espX5, espX1, espL1
Genes
NIBO035 | E. coli Adhesion and afaF-III, draA, draB, afaC-I, draP, papB, papX, ompA, ykgK/ecpR, yagZ/ecpA, 59
Colonization Factors yagY/ecpB, yagX/ecpC, yagW/ecpD, yagV/ecpE
Iron Uptake and aslA, fyuA, ybtE, ybtT, ybtU, irpl, irp2, ybtA, ybtP, ybtQ, ybtX, ybtS, fepA, fes,
Metabolism entF, fepC, fepD, entS, fepB, entC, entE, entB, entA, chuV, chuU, chuY, shuX,
chuW, chuT, shuA, chuS, iroD, iroE, iucA, iucB, iucC, iucD, sat
Type II Secretion (T2SS) | gspK, gspG, gspD
Toxins and Effectors espX1, espX4, espL1
Genes
NIB036 | E. coli Adhesion and fimH, fimG, fimF, fimD, fimC, fiml, fimE, fimB, afaC-I, afaB-I, afaA, daaF, draP, 60
Colonization Factors papB, papX, ompA, yagV/ecpE, yagW/ecpD, yagX/ecpC, yagY/ecpB, yagZ/ecpA,
yvkgK/ecpR, fdeC, chuV, chuU, chuY, chuX, chuW, chuT, chuA, chuS
Iron Uptake and ybtS, ybtX, ybtQ, ybtP, ybtA, aslA, entA, entB, entE, entC, fepB, entS, fepD, fepG,
Metabolism fepC, entF, fes, fepA, kpsD, irpl, ybtU, ybtT, ybtE, fyuA, iucA, iucB, iucC, iucD, sat
NIB037 | K. Iron Uptake and fyuA, ybtE, ybtT, ybtU, irpl, irp2, ybtA, ybtP, ybtQ, ybtX, ybtS 11
pneumoniae Metabolism
NIB044 | E. coli Adhesion and ompA, yagV/ecpE, yagW/ecpD, yagX/ecpC, yagY/ecpB, yagZ/ecpA, ykgK/ecpR, 56
Colonization Factors afaF-III, draA, draB, draC, draD, draP, draE
Iron Uptake and entA, entB, entE, entC, fepB, entS, fepD, fepC, entF, fes, fepA, ybtS, ybtX, ybtQ,
Metabolism ybtP, ybtA, irp2, irpl, ybtU, ybtT, ybtE, fyuA, iutA, iucA, iucB, iucC, iucD
Toxins and Effectors espL1, espX5, espX1

S4: List of IS elements and their presence in genetic material genes detected in 25

isolates.
Sample | MGE Type | MGE Subtype Position GC_Content | MGE Length (bp)
NIB002 | ISPpul2 ISL3 chromosome 41.17 3372
NIB002 | ISPpul2 ISL3 chromosome 41.17 3372
NIB002 | ISYall IS3 chromosome 41.58 1187
NIB002 | ISYall IS3 chromosome 36.78 1187
NIB003 | IS911 IS3 chromosome 51.64 1251
NIB003 | ISKpn25 ISL3 chromosome 51.62 2239
NIB006 | 1S1400 IS3 chromosome 51.01 1207
NIB007 | ISKpn8 IS3 chromosome 56.51 1443
NIB008 | IS100X IS21 chromosome 50.28 2247
NIB008 | 1S103 IS3 chromosome 51.19 1446
NIB008 | IS186A 1S4 plasmid 51.34 1345
NIB008 | IS30D IS30 chromosome 50.28 1221
NIB008 | 1S6100 IS6 plasmid 61.28 5466
NIB008 | 1S6100 IS6 plasmid 61.28 5466
NIB00S | IS6100 IS6 plasmid 61.28 5466
NIB008 | ISEcl17 IS3 chromosome 46.89 1263
NIB008 | ISEc26 ISAsl chromosome 50.04 1257
NIB008 | ISEc38 ISL3 chromosome 50.28 1695
NIB008 | ISSen6 1S200/1S605 chromosome 50.79 1746
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NIB009 | IS1397 IS3 chromosome 48.46 1432
NIB009 | IS4 IS4 chromosome 49.6 1427
NIB009 | ISEc38 ISL3 chromosome 47.81 1695
NIB009 | ISEcS ISAs1 chromosome 38.26 1291
NIB010 | IS186A IS4 chromosome 51.34 1345
NIB010 | IS630 1S630 chromosome 48.39 1160
NIB010 | ISCrol 1S66 chromosome 51.75 2699
NIB010 | ISEc22 IS66 chromosome 47.17 2454
NIB010 | ISEc36 IS3 chromosome 51.06 1320
NIB010 | ISEc43 1S66 chromosome 54.17 2532
NIB010 | ISEcS ISAs1 chromosome 48.66 1291
NIB010 | ISSen6 1S200/1S605 chromosome 51.49 1746
NIBO10 | ISSf13 1S66 chromosome 51.58 2735
NIBO11 | IS100X IS21 chromosome 54.06 2247
NIBO11 | IS103 IS3 chromosome 44.08 1446
NIBO11 | IS1397 IS3 chromosome 50.12 1432
NIBO11 | IS186A 1S4 plasmid 56.88 1345
NIBO11 | IS4 IS4 chromosome 43.1 1427
NIBO11 | IS629 IS3 chromosome 54.06 1314
NIBO11 | IS640 IS21 chromosome 52.38 2131
NIBO11 | ISCfr12 ISL3 plasmid 51.83 1316
NIBO11 | ISEc12 IS21 chromosome 51.27 2582
NIBO11 | ISEcl7 IS3 chromosome 42.17 1263
NIBO11 | ISEc23 1S66 chromosome 53.19 2534
NIBO11 | ISEc27 IS3 chromosome 48.51 1329
NIBO11 | ISEc38 ISL3 chromosome 45.75 1695
NIBO11 | ISEc49 1S66 plasmid 54.99 1103
NIBO11 | ISEcS ISAs1 chromosome 50.43 1291
NIBO11 | ISEcpl IS1380 chromosome 47.22 2656
NIBO11 | ISSf14 IS110 chromosome 54.06 1468
NIB012 | IS903 IS5 plasmid 46.4 1057
NIB012 | ISAeme2 ISAsl plasmid 51.08 6172
NIB012 | ISAeme2 ISAsl plasmid 51.08 6172
NIBO12 | ISEcll IS3 plasmid 53.38 1336
NIB012 | ISEcpl IS1380 plasmid 51.08 2656
NIB012 | ISKpnl IS3 chromosome 50.38 1445
NIB012 | ISKpn34 IS3 plasmid 46.4 1221
NIBO013 | IS640 IS21 plasmid 43.34 2131
NIB013 | ISCfr12 ISL3 chromosome 54.23 1316
NIBO013 | ISEcl7 IS3 plasmid 42.46 1263
NIB013 | ISEc21 IS110 plasmid 46.47 1374
NIB013 | ISEcll IS3 plasmid 49.11 1336
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NIB013 | ISEcpl IS1380 plasmid 49.11 2656
NIB013 | ISEcpl IS1380 plasmid 49.11 2656
NIB013 | ISKpn21 ISNCY plasmid 52.13 2278
NIB013 | ISKpn8 IS3 chromosome 56.25 1443
NIB013 | ISPsy24 IS3 chromosome 54.9 1245
NIB014 | IS1400 IS3 chromosome 49.77 1207
NIB014 | IS903B IS5 chromosome 57.94 1057
NIB014 | ISEcpl IS1380 chromosome 56.96 2656
NIB014 | ISKox1 IS66 chromosome 49.19 2526
NIB014 | ISKpnl IS3 chromosome 50.26 1445
NIB014 | ISKpn25 ISL3 plasmid 53.89 2239
NIB014 | ISKpn34 IS3 chromosome 56.79 1221
NIB014 | ISKpn38 IS3 chromosome 58.6 1598
NIBO15 | IS103 IS3 plasmid 44.39 1446
NIBO15 | IS186A IS4 chromosome 52.23 1345
NIBO15 | IS903 IS5 chromosome 50.19 1057
NIBO1S | ISCfr12 ISL3 chromosome 48.69 1316
NIBO015 | ISCrol IS66 plasmid 54.08 2699
NIBO15 | ISEcl ISAs1 chromosome 37.89 1291
NIBO15 | ISEcl7 IS3 chromosome 51.21 1263
NIBO15 | ISEc22 1S66 plasmid 5531 2454
NIBO15 | ISEc26 ISAs1 chromosome 51.79 1257
NIBO15 | ISEc38 ISL3 chromosome 50.78 1695
NIBO15 | ISEc5 ISAsl chromosome 51.53 1291
NIBO15 | ISEcS ISAs1 chromosome 38.54 1291
NIBO15 | ISSd1 IS3 chromosome 45.85 1339
NIBO1S5 | ISSf14 IS110 chromosome 57.47 1468
NIBO16 | IS630 1S630 chromosome 48.15 1160
NIB016 | ISCrol IS66 plasmid 51.81 2699
NIBO16 | ISEc5 ISAsl chromosome 48.66 1291
NIB016 | ISSen6 1S200/1S605 chromosome 49.61 1746
NIBO17 | IS18 IS30 chromosome 43.35 1074
NIB017 | ISAbal2 IS5 chromosome 41.36 1039
NIB017 | ISAbal2 IS5 chromosome 42.03 1039
NIB017 | ISAbal2 IS5 plasmid 38.23 1039
NIB017 | ISAbal25 IS30 plasmid 37.26 2175
NIB017 | ISAbal4 IS3 plasmid 38.71 1283
NIB017 | ISAbal8 IS3 chromosome 39.35 1321
NIB017 | ISAbal8 IS3 plasmid 34.97 1321
NIB017 | ISAba2l IS3 chromosome 41.72 1274
NIB017 | ISAba26 1S256 plasmid 39.18 1318
NIB017 | ISAba32 ISNCY chromosome 41.35 1482
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NIB017 | ISAba32 ISNCY plasmid 38.23 1482
NIB017 | ISAba8 IS21 plasmid 43.84 1920
NIBO17 | ISAha2 IS5 chromosome 42.26 1040
NIB017 | ISAha2 IS5 chromosome 42.36 1040
NIB017 | ISAha3 IS5 plasmid 34.12 1040
NIBO17 | ISAha3 IS5 plasmid 42.43 1040
NIBO17 | ISAjo2 ISNCY plasmid 39.48 1482
NIB017 | ISAlwl IS5 chromosome 41.25 1039
NIBO18 | IS4 1S4 plasmid 53.23 1427
NIBO18 | IS911 IS3 chromosome 49.7 1251
NIB018 | ISEcl17 IS3 chromosome 48.57 1263
NIB0O18 | ISEc5 ISAs1 chromosome 48.57 1291
NIBO18 | ISEc5 ISAsl chromosome 48.57 1291
NIBO18 | ISKpn26 IS5 plasmid 50.71 1197
NIB019 | IS222 IS3 chromosome 61.69 1236
NIB019 | ISPa32 IS3 chromosome 64.69 1237
NIB019 | ISPa32 IS3 plasmid 64.11 1237
NIB019 | ISPsyll IS3 chromosome 66.53 1323
NIB019 | ISStmall ISL3 chromosome 65.55 4426
NIB019 | ISStmall ISL3 chromosome 65.55 4426
NIB020 | IS100X IS21 chromosome 50.6 2247
NIB020 | IS103 IS3 chromosome 50.79 1446
NIB020 | IS186A 1S4 chromosome 51.22 1345
NIB020 | IS30D 1S30 chromosome 52.45 1221
NIB020 | IS903 IS5 chromosome 51.62 1057
NIB020 | IS903 IS5 plasmid 46.53 1057
NIB020 | ISKpn26 IS5 chromosome 51.62 1197
NIB020 | ISSen6 1S200/1S605 chromosome 50.75 1746
NIB021 | IS100X IS21 chromosome 50.55 2247
NIB021 | IS6100 IS6 plasmid 58.24 5466
NIB021 | IS6100 IS6 plasmid 58.24 5466
NIB021 | IS6100 IS6 plasmid 58.24 5466
NIB021 | IS629 IS3 chromosome 47.69 1314
NIB021 | ISCrol 1S66 plasmid 50.53 2699
NIB021 | ISEcl6 IS3 chromosome 47.06 1233
NIB021 | ISEcl7 IS3 chromosome 48.21 1263
NIB021 | ISEc23 1S66 chromosome 47.69 2534
NIB021 | ISEc31 IS3 chromosome 47.42 1294
NIB021 | ISEc36 IS3 plasmid 53.01 1320
NIB021 | ISEc38 ISL3 chromosome 50.55 1695
NIB021 | ISEc38 ISL3 chromosome 46.57 1695
NIB021 | ISPst2 ISL3 chromosome 47.69 2985
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NIB022 | IS1397 IS3 chromosome 49.66 1432
NIB022 | IS186A 1S4 plasmid 56.68 1345
NIB022 | IS4 1S4 chromosome 50.23 1427
NIB022 | IS640 IS21 chromosome 52.82 2131
NIB022 | ISCfr12 ISL3 plasmid 51.84 1316
NIB022 | ISCrol 1S66 chromosome 55.12 2699
NIB022 | ISEcl2 IS21 plasmid 47.37 2582
NIB022 | ISEcl7 IS3 chromosome 42.16 1263
NIB022 | ISEc36 IS3 chromosome 45.92 1320
NIB022 | ISEc38 ISL3 chromosome 45.92 1695
NIB022 | ISEc38 ISL3 plasmid 46.21 1695
NIB022 | ISEc49 IS66 chromosome 52.19 1103
NIB022 | ISEc5 ISAsl chromosome 50.4 1291
NIB022 | ISEcpl IS1380 chromosome 47.12 2656
NIB022 | ISSen6 1S200/1S605 chromosome 51.31 1746
NIB022 | ISSfl4 IS110 chromosome 52.63 1468
NIB023 | IS100X IS21 chromosome 48.73 2247
NIB023 | IS1203 IS3 plasmid 47.34 1310
NIB023 | IS1397 IS3 chromosome 513 1432
NIB023 | IS4 1S4 plasmid 49.31 1427
NIB023 | ISEcl7 IS3 chromosome 49.09 1263
NIB023 | ISEc31 IS3 chromosome 52.74 1294
NIB023 | ISEc38 ISL3 chromosome 49.09 1695
NIB023 | ISEc5 ISAsl chromosome 50.14 1291
NIB023 | ISEc5 ISAs1 chromosome 5145 1291
NIB023 | ISSen6 1S200/1S605 chromosome 48.73 1746
NIB023 | ISSoEn2 1S256 plasmid 49.31 1314
NIB024 | IS630 1S630 chromosome 47.63 1160
NIB024 | ISCrol IS66 plasmid 51.81 2699
NIB024 | ISEc5 ISAsl chromosome 48.66 1291
NIB024 | ISSen6 1S200/1S605 chromosome 49.61 1746
NIB025 | ISPpul2 ISL3 plasmid 48.88 3372
NIB026 | ISCfr12 ISL3 chromosome 51.02 1316
NIB026 | ISCrol 1S66 chromosome 51.02 2699
NIB026 | ISEc26 ISAs1 chromosome 38.54 1257
NIB026 | ISEc38 ISL3 chromosome 50.39 1695
NIB026 | ISSd1 IS3 chromosome 50.95 1339
NIB026 | ISStmall ISL3 plasmid 63.32 4426
NIB027 | IS103 IS3 chromosome 50.36 1446
NIB027 | IS1397 IS3 chromosome 49.78 1432
NIB027 | IS186A 1S4 plasmid 50.65 1345
NIB027 | IS6100 IS6 plasmid 58.5 5466
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NIB027 | IS6100 IS6 plasmid 58.5 5466
NIB027 | IS6100 IS6 plasmid 58.5 5466
NIB027 | 1S640 IS21 chromosome 52.38 2131
NIB027 | ISCrol IS66 plasmid 55.38 2699
NIB027 | ISEc12 IS21 chromosome 49.9 2582
NIB027 | ISEc23 1S66 chromosome 53.08 2534
NIB027 | ISEc27 IS3 chromosome 47.32 1329
NIB027 | ISEc38 ISL3 chromosome 45.27 1695
NIB027 | ISEc38 ISL3 chromosome 47.95 1695
NIB027 | ISEc49 1S66 chromosome 52.21 1103
NIB027 | ISEc5 ISAs1 chromosome 50.36 1291
NIB027 | ISEcpl IS1380 chromosome 49.62 2656
NIB027 | ISKpn34 IS3 chromosome 51.07 1221
NIB027 | ISSen6 1S200/1S605 chromosome 51.21 1746
NIB027 | ISSfl4 IS110 chromosome 56.3 1468
NIB028 | ISPa32 IS3 chromosome 61.05 1237
NIB028 | ISPa37 1S30 chromosome 64.86 1453
NIB029 | ISEcpl IS1380 chromosome 55.76 2656
NIB030 | IS222 IS3 chromosome 63.37 1236
NIB030 | IS222 IS3 chromosome 58.83 1236
NIB030 | ISPa32 IS3 chromosome 54.28 1237
NIB030 | ISPa32 IS3 plasmid 59.92 1237
NIB030 | ISPsyl1 IS3 chromosome 65.39 1323
NIB030 | ISStmall ISL3 chromosome 64.64 4426
NIB030 | ISStmall ISL3 chromosome 64.64 4426
NIB031 | IS100X IS21 plasmid 40.23 2247
NIB031 | IS103 IS3 chromosome 49.09 1446
NIB031 | IS30D IS30 plasmid 44.11 1221
NIB031 | IS6100 IS6 plasmid 58.56 5466
NIB031 | IS6100 IS6 plasmid 58.56 5466
NIB031 | IS6100 IS6 plasmid 58.56 5466
NIB031 | ISEcl12 IS21 plasmid 47.35 2582
NIB031 | ISEcl7 IS3 plasmid 53.83 1263
NIB031 | ISEc22 1S66 chromosome 49.26 2454
NIB031 | ISEc22 IS66 chromosome 52.26 2454
NIB031 | ISEc31 IS3 chromosome 47 1294
NIBO31 | ISEc38 ISL3 chromosome 47.82 1695
NIBO31 | ISEc38 ISL3 plasmid 46.04 1695
NIB031 | ISEcpl IS1380 chromosome 49.23 2656
NIBO031 | ISSd1 IS3 chromosome 49.26 1339
NIB031 | ISSgspl IS66 chromosome 49.26 3044
NIB032 | IS1400 IS3 chromosome 56.3 1207
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NIB032 | IS1400 IS3 chromosome 56.3 1207
NIB032 | ISEc63 Tn3 chromosome 47.98 5981
NIB032 | ISKpnl IS3 plasmid 50.21 1445
NIB032 | ISKpn34 IS3 plasmid 46.83 1221
NIB032 | ISSgspl IS66 plasmid 55.78 3044
NIB033 | IS103 IS3 chromosome 44.07 1446
NIB033 | IS1397 IS3 chromosome 50.1 1432
NIB033 | IS186A IS4 chromosome 51.34 1345
NIB033 | IS30D IS30 chromosome 49.1 1221
NIB033 | ISCrol 1S66 chromosome 52.48 2699
NIB033 | ISCrol IS66 chromosome 52.48 2699
NIB033 | ISEc12 IS21 plasmid 47.35 2582
NIB033 | ISEcl6 IS3 chromosome 46.69 1233
NIB033 | ISEc23 1S66 plasmid 52.96 2534
NIB033 | ISEc38 ISL3 chromosome 46.06 1695
NIB033 | ISEc5 ISAsl chromosome 50.37 1291
NIB033 | ISSd1 IS3 chromosome 52.48 1339
NIB033 | ISSen6 1S200/1S605 chromosome 51.67 1746
NIB033 | ISSfl4 IS110 chromosome 5345 1468
NIB034 | IS103 IS3 chromosome 44.07 1446
NIB034 | IS186A 1S4 plasmid 51.38 1345
NIB034 | 1S629 IS3 plasmid 54.39 1314
NIB034 | ISEcl7 IS3 plasmid 535 1263
NIB034 | ISEc26 ISAsl chromosome 48.12 1257
NIB034 | ISEc38 ISL3 chromosome 50.04 1695
NIB034 | ISEc5 ISAs1 chromosome 50.16 1291
NIB034 | ISKpn26 IS5 chromosome 50.02 1197
NIB034 | ISSen6 1S200/1S605 chromosome 49.13 1746
NIB034 | ISSen6 1S200/1S605 chromosome 52.15 1746
NIB035 | IS100X IS21 chromosome 52.87 2247
NIB035 | IS103 IS3 chromosome 43.59 1446
NIB035 | IS1397 IS3 chromosome 50.68 1432
NIB035 | IS186A IS4 chromosome 513 1345
NIB035 | IS30D 1S30 chromosome 49.01 1221
NIB035 | IS609 1S200/1S605 chromosome 50.4 1753
NIB035 | IS640 IS21 chromosome 49.85 2131
NIB035 | ISEcl7 IS3 chromosome 43.59 1263
NIB035 | ISEc27 IS3 chromosome 49.14 1329
NIB035 | ISEc43 IS66 chromosome 43.59 2532
NIBO035 | ISEc5 ISAsl chromosome 51.58 1291
NIBO035 | ISEc5 ISAsl chromosome 4891 1291
NIB035 | ISEcS ISAs1 chromosome 44.45 1291
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NIB035 | ISEcpl IS1380 chromosome 51.93 2656
NIB035 | ISKpn26 IS5 plasmid 54.47 1197
NIB036 | IS103 IS3 chromosome 49.37 1446
NIB036 | IS1397 IS3 chromosome 49.93 1432
NIB036 | IS186A 1S4 plasmid 51.12 1345
NIB036 | 1S4 1S4 chromosome 50.59 1427
NIB036 | IS6100 IS6 plasmid 58.59 5466
NIB036 | IS6100 IS6 plasmid 58.59 5466
NIB036 | IS6100 IS6 plasmid 58.59 5466
NIB036 | 1S640 IS21 chromosome 52.38 2131
NIB036 | ISCrol IS66 plasmid 55.46 2699
NIB036 | ISEcl12 IS21 plasmid 47.37 2582
NIB036 | ISEc38 ISL3 chromosome 45.58 1695
NIB036 | ISEc38 ISL3 plasmid 47.45 1695
NIB036 | ISEc49 IS66 chromosome 52.25 1103
NIB036 | ISEc5 ISAsl chromosome 50.34 1291
NIB036 | ISEcpl IS1380 chromosome 49.36 2656
NIB036 | ISKpn34 IS3 chromosome 51.07 1221
NIB036 | ISSen6 1S200/1S605 chromosome 51.67 1746
NIB037 | IS102 IS5 plasmid 50.29 1055
NIB037 | IS1400 IS3 chromosome 52.94 1207
NIB037 | IS630 1S630 chromosome 55.94 1160
NIB037 | ISEcll IS3 plasmid 53.44 1336
NIB037 | ISKpn21 ISNCY plasmid 52.03 2278
NIB037 | ISKpn24 IS66 plasmid 56.85 2454
NIB037 | ISKpn26 IS5 chromosome 54.71 1197
NIB037 | ISKpn28 15481 plasmid 47.81 1105
NIB037 | ISKpn34 IS3 chromosome 55.85 1221
NIB037 | ISKpn38 IS3 chromosome 57.78 1598
NIB041 | ISKpn20 IS3 chromosome 47.85 1196
NIB041 | ISKpn26 IS5 chromosome 47.85 1197
NIB041 | ISKpn26 IS5 chromosome 47.85 1197
NIB041 | ISStmall ISL3 plasmid 47.86 4426
NIB044 | IS1203E IS3 chromosome 47.96 1311
NIB044 | IS186A IS4 chromosome 51.38 1345
NIB044 | IS903B IS5 chromosome 51.87 1057
NIB044 | ISCrol 1S66 plasmid 50.99 2699
NIB044 | ISEcl ISAsl chromosome 49.07 1291
NIB044 | ISEcl7 IS3 chromosome 49.13 1263
NIB044 | ISEc23 1S66 chromosome 50.71 2534
NIB044 | ISEc38 ISL3 chromosome 50.71 1695
NIB044 | ISEcpl IS1380 chromosome 45.25 2656

122 |Page



Supplementary Tables

NIB044

ISKpn26

IS5

chromosome

46.06

1197

NIB044

1SSfl4

IS110

chromosome

47.96

1468

123 |Page



Supplementary Tables

Appendix B

Supplementary Figures

F1: Nanodrop spectrophotometer profile showing the absorbance spectrum and purity
ratios of the extracted DNA.

The DNA sample exhibited a concentration of 632.4 ng/uL, indicating a high yield suitable for
downstream applications. The A260/A280 ratio was 1.92, and the A260/A230 ratio was 2.17,
showing good purity with minimal protein or solvent contamination.

» Sample ID: III Pedestal

1 Type: DNA ~ (50.00
i A260 (10 mm path) | 12.649
8 : A280 (10 mm path) 6.576
S 7
5 260 /280 1.92
g s
E 260/230 247
s 5
Baseli ti 340 | nm
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[=J— [ [

2200 230 240 250 260 270 280 250 300 310 320 330 340 3850
‘wavelength (nm) ({4
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F2: Per base sequence quality for forward and reverse sequence. Here, (A) are the raw reads and

(B) are the trimming reads.

Per base sequence quality
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F3: Assembly quality of the Plesiomonas shigelloides
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F4: Assembly quality of the Escherichia fergusonii
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F5: Assembly quality of the Enterobacter chuandaensis
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Supplementary Tables

F7: Assembly quality of the Klebsiella pneumoniae
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F8: Assembly quality of the Morganella morganii
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F9: Assembly quality of the Enterobacter hormaechei
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Supplementary Tables

F10: Assembly quality of the Proteus mirabilis
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F11: Assembly quality of the Citrobacter werkmanii

Supplementary Figures
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Supplementary Figures

F13-F50: Circular genome maps were generated for all 38.
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Supplementary Figures
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Supplementary Figures
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Supplementary Figures

F51: Distribution of Insertion Sequence (IS) Element Categories Across Bacterial Samples.
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