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Abstract: The World Health Organization has identified antibiotic resistance among bacteria as one of
the most serious dangers to human health. This present study focuses on the isolation and identification of
antibiotic-resistant Escherichia coli using 16S rRNA gene sequencing based on molecular technigques
from water samples. Between September and December 2023, we collected fifty aseptic water samples
from various water treatment plants in Baghdad city. A number of biochemical and molecular tests
confirmed the isolation of Escherichia coli from the samples. Isolates has been placed into nutrient broth
and cultured them on various agar media, such as MacConkey agar and EMB agar. For biochemical
analysis, we used Gram's staining, string techniques, and Vitek. Using the Kirby-Bauer disk diffusion
technique, we tested the antibiotic sensitivity of 45 Escherichia coli isolates to fourteen commonly
prescribed antibiotics. The data indicates a significant variation in the percentage of antibiotic resistance
among E. coli isolates across different regions. In some regions, such as medical cities, the resistance rate
was very high for almost all antibiotics. Other regions, like Al-Rustaimiya Station, also exhibit a high
resistance rate. We amplified and compared 16S rRNA gene sequences to the NCBI sequence database
using primers. A study of the partial 16S rRNA sequence revealed that two new strains, HHWW and HS,
were 100% similar to E. coli and had a lot in common with species in the genus Escherichia.
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Introduction Contamination of drinking water

Escherichia coli is a group of
bacteria commonly found in the
intestines of humans and animals.
While most species are harmless, some
can cause severe illness. The emergence
of antibiotic-resistant E. coli in drinking
water sources poses a significant
public health threat. These resistant
strains can be difficult to treat with
conventional antibiotics, increasing the
risk of treatment failure and
complications (1, 2).

with E. coli can originate from various
sources, including inadequately treated
wastewater, agricultural runoff, and
faulty distribution systems (3, 4). This
contamination is a growing concern as
E. coli readily develops resistance to
antibiotics due to factors like the
overuse of antibiotics in agriculture and
medicine and the ability of these
bacteria to acquire and share resistance
genes  through  horizontal  gene
transfer(5).
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A range of studies have explored
the prevalence and characteristics of
antibiotic-resistant Escherichia coli in
various water sources. (6,7).
Researchers discovered high levels of
antibiotic resistance in E. coli from
drinking (8, 9) and identified specific
sources as high-risk (10). Similarly,
researchers found antibiotic-resistant E.
coli  in irrigation  water and
vegetables(11), using 16S rRNA gene
sequencing to identify and characterize
these isolates.

Water sources with the same
sequence types and clones found in
both sources suggest Cross-
contamination (12, 13).

The World Health Organization
(WHO, Geneva, Switzerland) highlights
antimicrobial resistance (AMR) as one
of the top ten risks to global health,
supporting the "One Health" approach's
focus on immediately coordinating
efforts to improve the environment,
animal health, and human health (14).
Currently, the World Health
Organization (WHO, Geneva,
Switzerland) estimates that AMR
causes 1.27 million global deaths
annually (15) and projects that this
number will rise to 10 million by
2050(16).

The study of bacterial genetics is
useful in finding and identifying
bacteria (17).

The goal of this study is to use
polymerase chain reaction (PCR) to
look at the nucleotide sequence of the
16S rRNA gene of pathogenic E. coli
from water treatment plants.

By comparing isolates from various
sources or outbreaks, we can use the
nucleotide sequence results from this
research to understand the diversity of
pathogenic E. coli and track the spread
of contamination.

Methodology
Ethical approve
College of Agricultural Engineering
Sciences / University of Baghdad,
Baghdad, Iraq.

Issue number D.A.Z, 23.8.2023.
Sampling

Between October and December
2023 in Baghdad, we collected 50 water
treatment plant samples, ten from each
of the drinking water treatment plants
(Al Wathba, Al Wahda, and Al Karama)
and the waste water treatment plants
like the Al-Rustamiya wastewater
treatment plant, including influent,
effluent, and various stages of the
treatment process. Each site used a 500-
mL sterile bottle with a cap and a label.
Each water sample had a volume of
approximately 250 mL, and we
immediately transported it to the
laboratory for further processing within
two hours. The Ministry of Science and
Technology's Environment, Water, and
Renewable Energy Directorate's
laboratories conducted each
bacteriological experiment. The process
entails isolating and identifying E. coli
isolates. Water samples were analyzed
to isolate and identify Escherichia coli
isolates using the  multiple-tube
fermentation technique (18, 19), After
culturing on MacConkey agar and Eosin
Methylene Blue Agar from nutritional
broth and incubating for 24 hours at
37°C (20, 21), the results were
confirmed by biochemical testing. The
protocol (BioMerieux, Marcy L'Eyoily,
France) also used the Vitek-2 Compact
for phenotype identification and
confirmation. The results automatically
came out in the form of a schedule.
Before using the E. coli isolates, the
isolates were stored at -80 oC in
nutrition broth with 15% glycerol. (22).
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Antibiotic-sensitivity testing

Agar  diffusion  tests  were
performed to determine the antibiotic
susceptibility of E. coli isolates. For the
Clinical Laboratory Standards
Institute (23), one to three colonies of
fresh E. coli isolates were mixed to
grown overnight with two milliliters of
a 0.9 percent sterile sodium chloride
solution. This was done to bring the
turbidity of the bacteria suspensions up
to the 0.5 £ 0.05 McFarland standard.
The antibiotic discs had 15 pg of
Azithromycin, 30 ug of
Chloramphenicol, 15 pg of Meropenem,
30 pg of Ceftrazidime, 10 pg of
ampicillin, 15 pg of ciprofloxacin, 10
pg of gentamicin, 30 pg of amoxicillin-
clavulanic acid, and 10 pg of imipenem.
then left the plates to sit at 36 °C for 16
hours to observe changes in resistance,
intermediate, and susceptibility with the
diameter of the inhibition zone.
Molecular characterization

DNA extraction was performed
using the Wizared kit (Promega, USA),

following the manufacturer's
recommendations (24). frozen universal
primers for the LacZ3 and 16SrRNA
genes were obtained from (tables 1)
(25), to detect the galactosidase gene
and make sure the diagnosis of E. coli
isolates,lyophilized  primers  were
dissolved in nuclease-free water to
achieve a final concentration of 100
pmol/l as a stock solution. Using the Go
Tag Green Kit, the master mix was
prepared for each PCR by calculating
the required amount of each reaction
component. The PCR process involved
thoroughly mixing the additives and
adding them to small PCR tubes at a
volume of 23 |. Next, individually were
added 2 ul of extracted DNA from each
sample to each tube, resulting in a total
of 25 ul, and placed these tubes inside
the Bio-Rad thermocycler (USA). The
PCR program for the LacZ3 gene and
16 SrRNA genes is similar (26, 27).
(Table 2).

Table (1): The product size, primer sequence, and targeted gene.

Primer Primer Sequence Gene Ampllcon
name size
F: 5- TTGAAAATGGTCTGCTGCTG -3 .
e R:5- TATTGGCTTCATCCACCACA -3 p-galactosidase 243bp
27-F AGAGTTTGATCCTGGCTCAG 16S ribosomal
10SrRNA ™1492R  GGTTACCTTGTTACGACTT RNA 1500bp
Table (2): The PCR program for the LacZ3 gene and 16 SrRNA genes.

Stage Temperature Time Cycle
Denaturation 95C° 5 min one
Denaturation 95 C° 30 Sec

Annealing 60 C° 30 Sec Thirty cycles
Elongation 72 C° 45 Sec
Elongation 75C° 7 min one

With gel electrophoresis, a 2%
agarose gel, and a 100-bp ladder DNA
marker from Erlangen, Germany

(Peglab), The  target
amplicons were found.

sequence
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Gene sequencing of 16S rRNA gene

Specialized software was used to
analyze the PCR products of that the
Macrogen Corporation of Korea sent for
to be sequenced for two of the isolates
using an automated DNA sequencer.
The phylogenetic tree was constructed
using the neighbor-joining method.
Statistical Analysis

The Statistical Analysis System
(SAS) (28) tool was used to determine
the impact of various components on
the  research  parameters.  This
investigation used the chi-square test to
compare statistically significant
percentages (0.05 and 0.01 likelihood).

Results and discussion

The study's findings indicated that
the E. coli (forty-five isolates) isolated
from the water samples were 100%
positive. In the Durham tube on
MacConkey broth media, all the E. coli
isolates displayed a change in color
from bright green to cloudy green,
along with the presence of gas. All of
the isolates in the EMBA medium
showed a change in color to metallic
green. The addition of the kovach
reagent to the pepton water buffer
medium results in the formation of a red
ring (Figure 1).

Figure (1): Escherichia coli isolates on Eosin Methylene Blue agar(EMBA) and a red ring on the
pepton water buffer media.

Every E. coli isolate yielded
positive results from the distinctive
biochemical tests (IMViC test, TSI, and
motility), with the exception of the
Voges-Proskauer (VP) and citrate
utilization tests.

The data in Table 3 shows the
number of E. coli-positive isolates
found in water samples collected at
several stations, but it does not
differentiate between drinking and
waste water.
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Table (3): The quantity and percentage of E. coli positive isolates from the drinking water station.

Station name No. of isolates Positive No. (%)
Al- Karama 10 22.2% ( 10/45)
Al Wathba 10 22.2% (/10/45)
Al-Wahda 6 13.3( 6/45)

Al-Rustamiya 10 22.2% ( 10/45)
Medical city 9 209%( 9/45)

It is important to note that the
presence of E. coli in water indicates
fecal contamination and can pose a
serious health risk. (29), While the
percentages in the table may seem
small, any E. coli presence is a cause for
concern. The discharge of sewage
wastewater and manure effluents, which
contain various bacterial pathogens, is
one of the main causes of aquatic
resource decay (30, 31). Fecal bacteria
can live for a long time in water, which
makes them a good way to find out
what kinds of pathogens might be in
surface water (32 , 33). The results
show that there is a lot of E. coli isolate
contamination at the study sites, which
means that people should be careful
when using the water from these sites
for drinking, farming, fishing, and other
purposes. This discovery highlights how
the water treatment plant's E. coli
concentration is a suitable indicator for
tracking the water quality.

Antibiotic resistant

The isolates of E. coli from
drinking water treatment plants were
very resistant (between 20% and 100%)
to antibiotics like TE, Amp, E, CAZ,
and CTX. They were less resistant
(between 0% and about 27%) to
antibiotics like ATM, MEM, CN, ClI,
IPM, AAM, and AUG. Ciprofloxacin
and cefotriaxone sensitivity are 100% in
the Al-Wahda plant.

Al-Karama plants
resistance rate of 100%,

exhibit a
while Al-

Wathba plants demonstrate a resistance
rate of 73% and 80%, respectively.

In Figure 2, the E. coli isolates can
be seen from wastewater treatment
plants in a medical city are very
sensitive (778% to 100%) to ATM, CN,
C, IPM, ASM, AG, and CIP. However,
they are only moderately resistant (33%
to 44%) to MEM. The isolates are also
highly resistant (44% to 100%) to TE,
E, AM, CTX, CAZ, and MEM.

There was 100% resistance to
antibiotics (AAM, E, TE, CTX) and
high resistance (35%-70%) in Al-
Rustymia wastewater treatment plants
(CN, CAZ, CIP, CRO, IPM, AG). Only
MEM demonstrates 100% sensitivity,
whereas ATM and AZM show less
resistance (10%) to 15%. The p-value
for each antibiotic is statistically
significant (p-value < 0.01), which
means there is a very low probability
that the observed resistance occurred by
chance.

Escherichia coli is exhibiting a
rising trend in AR emergence and
dissemination (34, 35). The transfer of
resistance across bacteria facilitates the
development and establishment of AR,
a significant concern that diminishes the
therapeutic effectiveness of antibiotics
against infections (36, 37). The
association between the frequency of
AR patterns in aquatic settings and E.
coli isolates has been the subject of
several studies (38, 39).
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Figure (2): The percentage of antibiotic resistance exhibited by E. coli bacteria isolated from
wastewater at Medical City Hospital
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Figure (3): The percentage of antibiotic resistance exhibited by E. coli bacteria isolated from
wastewater at Al-Rustamiya wastewater treatment plant.

The data show a significant
difference in the percentage of
antibiotic resistance in E. coli isolates
between different regions. In some
regions, such as medical cities, the
resistance rate was very high for almost
all antibiotics. Other regions, like Al-
Rustaimiya Station, also exhibit a high
resistance rate.

The results of this study show that
there is a widespread prevalence of
antibiotic ~ resistance among E.
coli isolates in different regions (40). It
also shows that there is a significant
difference in the resistance rate between

different regions. These results raise
serious concerns, as they indicate that
many infections caused by E. coli may
be difficult or impossible to treat with
antibiotics. (41, 42).
lacZ3 and 16SrRNA genes detection
All the positive E. coli samples in
this study had 243 base pairs (bp) for
the lacZ3 gene and 1500 bp for the 16S
rRNA gene bands (Figures 4,5, 43, and
44). the 16S rRNA was used to gene
sequence because it is present in all
prokaryotes, including almost all
bacteria, and its function remains
constant over time (45).
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Figure (4): Results of the amplification of 27F,1492R genes of bacterial species were fractionated on
2% agarose gel electrophoresis stained with Eth.Br. M: 100bp ladder marker. Lanes 1-12resemble
1500 bp PCR products.
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Figure (5): Results of the amplification of lacZ3 genes of bacterial species were fractionated on 2%
agarose gel electrophoresis stained with Eth.Br. M: 100bp ladder marker. Lanes 1-12resemble 243
bp PCR products.

Sequencing of 16S rRNA Gene

The 16S rRNA gene, which has
both  hypervariable and  highly
conserved sections, is present in at least
one copy in bacterial species. Recent
years have shown a growing interest in
using 16S rRNA gene sequences to
distinguish  novel  bacteria  from
strains(46).

It has developed into a valuable
tool for identifying bacteria (47). One of
the greatest directives of microbiology
is Bergey’s Manual of Systematic

Bacteriology, which uses 16sRNA as a
tool for bacterial identification (48).
Phylogeny, which determines the
relationships between bacteria, has
gained significance as a method to

identify an unknown genus or
species.(49)
Escherichia coli-like organisms

pose significant challenges for species
identification when determined by
visual and biochemical traits. The 16S
rRNA region sequencing method is
nevertheless a good one for identifying
species. Geneious software was used to
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compare the 16S rRNA gene it to the
type strains identified through 16S
rRNA gene sequencing at GenBank.

Phylogenetic trees, a type of
branching  diagram, illustrate the
evolutionary  relationships  between
different organisms. This study's tree
illustrates the relationships between
different strains of (E. coli). The genetic
distance between SKLAN and YZEC
is 0, and these strains split off pretty
early on the tree, so HS probably comes
from a different branch (Figure 6).

Based on the cluster diagram described,
can say that PP463717.1 is likely
closely related to some of the other E.
coli strains in the diagram. However,
Genbank has the identified isolate's
partial 16S rRNA gene sequence under
accession numbers PP463717 and
PP463722. Deposit number PP463717
refers to the isolate (HHWW), and
deposit number PP463722 refers to the
isolate (HS) that was registered in
GenBank.

Escherichia coli strain ANSNAS6 165 ribosomal RNA gene, partial sequence

Escherichia coli strain ETEC1736F chromosome

Escherichia coli strain e8 16S ribosomal RNA gene, partial sequence

Escherichia coli strain HS 16S ribosomal RNA gene, partial sequence

Escherichia coli strain YZEC 16S ribosomal RNA gene, partial sequence

Escherichia coli strain SKLAN 202301 16S ribosomal RNA gene, partial sequence

MZ964587

CP122784

MW322706

PP463717.1

OR263881

‘OR263880

OR263835

OR263833

OR263819

OR263825

Figure (6): a phylogenetic tree, which is a type of branching and cluster diagram of Escherichia coli
isolates. [The genetic tree on the left indicates the isolate (HS) and the genetic tree on the right
indicates the isolate (HHWW) ].

Based on a partial 16S rRNA
sequence alignment and a phylogenetic
tree, The two strains, HHWW and HS,
were very similar to E. coli (100%).

The 16S rRNA gene is particularly
interesting because it can identify genus
and species of organisms that don't
match standard biochemistry profiles,
strains those commercial systems don't
identify well or likely enough, or taxa
that aren't typically associated with
human diseases (50).

Conclusion

The prevalence of antibiotic-
resistant E. coli strains in water
treatment plants and apartial 16S rRNA
sequence alignment showed that the two
new strains (HHWW and HS) were
100% similar to E. coli and were
closely related to other species in the
genus Escherichia. We also conclude
that the existence of antibiotic-resistant
E. coli in water treatment plants poses a
significant  public health risk,
particularly if the resistance profile
includes routinely prescribed
medications.
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