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Abstract

Background and objectives Apart from known factors such as irrational use of antibiotics and horizontal gene
transfer, it is now reported that clustered regularly interspaced short palindromic repeats (CRISPR) are also associated
with increased antimicrobial resistance. Hence, it is critical to explore alternatives to antibiotics to control economic
losses. Therefore, the present study aimed to determine not only the association of CRISPR-Cas system with antibiotic
resistance but also the potential of Zinc Oxide nanoparticles (ZnO-NPs) for avian pathogenic Escherichia coli (APEC)
isolated from poultry market Lahore.

Materials and methods Samples (n=100) were collected from live bird markets of Lahore, and isolates were
confirmed as Escherichia coli (E. coli) using the Remel One fast kit, and APEC was identified using PCR. The antibiotic
resistance pattern in APEC was determined using the minimum inhibitory concentration (MIC), followed by genotypic
confirmation of antibiotic-resistant genes using the PCR. The CRISPR-Cas system was also identified in multidrug-
resistant (MDR) isolates, and its association with antibiotics was determined using gRT-PCR. The potential of ZnO-NPs
was evaluated for multidrug-resistant (MDR) isolates by MIC.

Results All isolates of APEC were resistant to nalidixic acid, whereas 95% were resistant to chloramphenicol and 89%
were resistant to streptomycin. Nineteen MDR APEC were found in the present study and the CRISPR-Cas system

was detected in all of these MDR isolates. In addition, an increased expression of CRISPR-related genes was observed
in the standard strain and MDR isolates of APEC. ZnO-NPs inhibited the growth of resistant isolates.

Conclusions The findings showed the presence of the CRISPR-Cas system in MDR strains of APEC, along with the
potential of ZnO-NPs for a possible solution to proceed. This highlights the importance of regulating antimicrobial
resistance in poultry to reduce potential health consequences.
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Introduction

The poultry industry has developed rapidly over the last
three decades, with an impressive growth rate of over 8%
[1]. Commercial poultry in Pakistan contributes signifi-
cantly to the livestock sector of the country’s GDP, adding
1,809,000 tonnes of meat and 21,285 million eggs in FY
2021 [2]. The rise of poultry production is the need of the
hour for food security as the industry is always vulner-
able to disease-causing pathogens. APEC is the causative
agent of colibacillosis in chickens, which is characterized
by its ability to cause severe diseases in birds, such as
respiratory infections, septicemia, and cellulitis [3]. The
disease has resulted in significant financial losses due to
decreased weight gain, disease prevention and control
expenses, mortality, and carcass condemnations [4]. In a
farm, APEC strains cause a 2—4% decrease in egg output
and a 3-4% increase in bird mortality [5].

Many researchers have characterized different criteria
for APEC identification. Phenotypically, these isolates
display diverse traits, including the ability to hemag-
glutinate red blood cells, resist multiple antibiotics, and
survive under stressful conditions like high temperature
and low pH. Genotypically, APEC isolates have been
established to be identified by one to multiple specific
virulence-associated genes, such as iss (increased serum
survival) and tsh (temperature-sensitive hemagglutinin)
by Zhao et al. [6], and iroN (iron-responsive outer mem-
brane protein gene), ompT (outer membrane protein A
gene) hlyF (hemolysin F gene), iss, iutA (ferric aerobactin
receptor gene) by Johnson et al. [7] and multiple combi-
nations of three genes by Van der Westhuizen and Bragg
[8]. The presence of these genes relates to the pathogenic
potential of APEC isolates, but the criteria are not final.

Antibiotics such as tetracycline, fluoroquinolones, sul-
fonamides, and aminoglycosides are commonly used in
poultry flocks to control colibacillosis. For many years,
farmers in underdeveloped nations have used antibi-
otics for disease prevention and growth enhancement
[9]. Resistance of E. coli has been increased with time,
due to improper usage, or irrational usage of antibiotics
[10] along with some other factors such as CRISPR-Cas
system.

The CRISPR-Cas system is an adaptive immune sys-
tem of bacteria that protects it from invaders such as
bacteriophages and foreign genetic material [11]. This
system is divided into three types: type I, II, and III [12].
The three subtypes of the CRISPR-Cas system are type I,
type 11, and type III. This classification was created based
on the distinctive genes each category had casI0, cas9,
and cas 3 genes present in Type I, Type II, and Type III,
respectively. Furthermore, its potential as a gene editing
tool has various applications, including gene knockout,
sickle cell therapy, and CRISPR-modified crops [13]. On
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an alternative aspect, the CRISPR-Cas system has been
reported to have improved the integrity of the bacterial
membrane and regulated its permeability [14], which
may play a role in antimicrobial resistance [15]. Alter-
natively, it may possibly play a role in making bacteria
immune to antibiotics that target membranes. However,
there is a scarcity of information regarding the relation-
ship between the CRISPR-Cas system and antibiotic
resistance of APEC isolates.

With the rise in antibiotic resistance, alternative thera-
peutics are being explored. Nanoparticles (NPs), particu-
larly ZnO-NPs, have shown potential for antibacterial
activity and have been investigated for their antimicro-
bial properties in applications such as food packaging
and antibiotic agents in animal feed [16]. Zinc is a cru-
cial trace element for poultry, which is necessary for its
growth and production. However, the zinc content in the
raw materials used for poultry feed is often inadequate,
necessitating zinc supplementation. Traditionally, inor-
ganic zinc supplements have been used, but these have
low bioavailability [17]. However, excessive use of dietary
ZnO can disrupt the balance of other trace elements
available to poultry. Alternatively, ZnO-NPs may offer
improved bioavailability and absorption efficiency [18].
Therefore, ZnO-NPs have been justified for their dual
use in the poultry industry to enhance zinc bioavailability
and provide antibacterial benefits.

Keeping in view the possible association of CRISPR-
Cas system with antimicrobial resistance and the poten-
tial of ZnO-NPs in antibacterial activity, the present
study is designed to study CRISPR-Cas system in APEC
isolates from Lahore, Pakistan, followed by the in-vitros-
tudy of ZnO-NPs on the bacterial isolates.

Materials and methods

Sample collection and bacterial isolation

A100 bird cloacal swab samples were collected from the
commercial poultry market in Lahore and transported
to the Bacteriology laboratory in the Institute of Micro-
biology, University of Veterinary and Animal Sciences,
Lahore, Pakistan. The sample size was calculated using
the Epitools online sample size calculator (https://epito
ols.ausvet.com.au/). The bacteria were isolated through
conventional methods [10]. The isolates were confirmed
biochemically by using the Remel RapID One rapid Kkit,
following the manufacturer’s instructions. The generated
color code was then confirmed using ERIC® software
[19].

Identification of APEC through PCR

A commercially available GeneJET Genomic DNA Puri-
fication Kit (Thermo Scientific, Lithuania) was used
to extract the DNA from all biochemically confirmed
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isolates. The molecular identification of APEC was car-
ried out using PCR with specific primers which were
reported previously (Table 1). Conventional PCR was
used to amplify the iroN, ompT, hlyF, iss, and iutA genes
to confirm the presence of APEC isolates [7]. For the
reaction mixture, 9 pL of nuclease-free water, 12.5 pL
of 2x PCR Taq Plus MasterMix (ABM, Richmond, BC,
Canada), 2 pL each of forward and reverse primers, and
1.5 pL of DNA template were used and amplified in Veriti
96-Well Thermal Cycler (Applied Biosystems', USA).
The PCR amplicons were separated by electrophoresis on
a 1.5% agarose gel for 30 min at 110 volts. Subsequently,
the gel was visualized using a gel documentation system
(Omega Flour plus system, Aplegen Inc, California, USA)
along with the GeneRuler " 100 bp plus DNA ladder as a
size reference.

Antibiotic susceptibility test

The MICs of various antibiotics including nalidixic acid
(NAL), chloramphenicol (CHL), streptomycin (STR),
gentamycin (GEN), ciprofloxacin (CIP), and tetracycline

Table 1 Primers used to identify virulent genes, antibiotic-
resistant genes, and CRISPR-Cas genes of avian pathogenic E. coli
isolated from poultry

Gene Specific primers Product size References

iss F-CAGCAACCCGAACCACTTGATG 323 [20]
R- AGCATTGCCAGAGCGGCAGAA

iroN  F-AATCCGGCAAAGAGACGAACC 553 [21]
GCCT
R- GTTCGGGCAACCCCTGCTTTG
ACTTT

F-TCATCCCGGAAGCCTCCCTCACTA 496 [21]
CTAT

R-TAGCGTTTGCTGCACTGGCTTCTG

ATAC

hlyF F-GGCCACAGTCGTTTAGGGTGC 450 [22]
TTACC
R-GGCGGTTTAGGCATTCCGATA
CTCAG

iutA- GGCTGGACATCATGGGAACTGG CGT 302 [7]
CGGGAACGGGTAGAATCG

gyrA F-AGCAGGACGAACGTATCACT 498
R-AGTCATCTACCTGTACCGCG

catA F-AGTTGCTCAATGTACCTATAACC 547 [23]
R-TTGTAATTCATTAAGCATTCTGCC

aac F-TTGCGATGCTCTATGAGTGGCTA 482 [24]
R- CTCGAATGCCTGGCGTGTTT

casl  F- CAACAGGCTGTGCATCTTCA 865
R- ACCTGGCTTCCCCTTAATCC

cas2  F- CCATCCAAATCTACCGGGGT 251
R- AGTATGTTGGTCGTGGTCACT

cas3  F-TGGGATTTGCAGGGATGACT 916
R- TGCTACCAACGGCTAAAGGA

F- GACGGATACTTGTCGCAACC 206
R-CTCATGTCGTCCGTAACCCT

ompT

This study

This study
This study
This study

Cas 3* This study
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(TET) were studied using the CLSI standard broth dilu-
tion method [25], and were categorized as either sensi-
tive or resistant. Serial dilutions of antimicrobials were
prepared with concentrations ranging from 1024 mg/ml
to 0.125 mg/ml. The bacterial concentration was adjusted
to 103 CFU/ml using the 0.5 McFarland’s standard. These
dilutions were then used to estimate the MIC. The optical
density of the tubes was observed both before and after
incubation to verify the MIC value.

Antibiotic-resistant genes detection

The antibiotic-resistant genes such as gyrA, catA, and
aac were detected by PCR, as described previously [23].
A PCR mixture (25pL) was created using nuclease-free
water (9uL), 2x PCR Taq plus MasterMix (12.5uL), for-
ward and reverse primers (2uL each), and DNA template
(1.5uL).

Detection of CRISPR genes

The CRISPR genes were detected in confirmed MDR iso-
lates of APEC through PCR, and the specific primers of
casl, cas2, and cas3 are mentioned in Table 1. The ampli-
fied PCR products were electrophoresed and analyzed
using an Omega Fluor Plus Systems gel documentation
system (Omega Flour Plus system, Aplegen Inc, Califor-
nia, USA).

CRISPR gene expression after exposure to antimicrobial

by qRT-PCR

The qRT-PCR was performed to identify CRISPR gene
expression in antibiotic-resistant APEC after exposure
to antibiotics. One MDR APEC isolate, and its stand-
ard strain was exposed to six antibiotics. The RNeasy
Mini Kit (Tiagen Biotech, Beijing, PR China) was used
to extract bacterial RNA from each sample. A Revert
Aid First-Strand cDNA Kit (Thermo Scientific, USA) was
used to make cDNA. The CFX96 real-time PCR thermo-
cycler (Bio-Rad, Singapore) was used for amplification.
Pre-incubation at 95 °C for 3 min was followed by 45
cycles of 10 s at 95 °C and 40 s at 52 °C in the cycling con-
ditions for amplification. The specific primers used were
cas3%F (GACGGATACTTGTCGCAACC) and cas3*R
(CTCATGTCGTCCGTAACCCT) (Table 1). The experi-
ment was repeated three times to calculate the mean
fold change. The housekeeping gene rpsL was used as a
control.

Antibacterial activity of ZnO-NPs

ZnO-NPs were used in a previous study [26]. The MICs
of ZnO-NPs were studied using the CLSI standard broth
dilution method as performed above for antibiotics [25].
Serial dilutions of ZnO-NPs were prepared with concen-
trations ranging from 512 mg/ml to 0.125 mg/ml.
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Statistical analysis

The statistical analysis was conducted using IBM Corp's
(Armonk, NY, USA) SPSS software, version 25.0. Using a
two-way Analysis of Variance (ANOVA) and Tukey’s post
hoc test, the zone of inhibition along with relative fold
expression of the cas 3 gene in E. coli ATTC 25922 and
E. coli local isolate against different antibiotics was com-
pared. The relationship of the cas 3 gene and the zone of
inhibition of various antibiotics was checked by Pearson’s
correlation coefficient. GraphPad Prism 9.5.0 (San Diego,
CA, USA) was used to generate a graphical depiction of
the comparison.

Results

Identification of E. coli isolates

The collected samples were grown and processed
using conventional bacteriological techniques. After

2000bp
750bp

200bp
100bp

000bp

750bp S
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identification by Gram staining (pink colored rods in
microscope) and Remel RapID One kit; 60% (60/100) iso-
lates were confirmed as E. coli.

Confirmed APEC isolates

APEC was identified by amplification of all isolates iden-
tified as E. coli by using specific primers of iroN, ompT,
hlyF, iss, and iutA genes. The 50 isolates were identified
as APEC as all these isolates showed specific amplicons
for these genes. The results of genus-specific amplifica-
tion were observed on 1.5% agarose gel. The gel was seen
after electrophoresis using UV light in the gel documen-
tation system, as shown in Fig. 1.

Antimicrobial susceptibility patterns
The MIC method was used to check the susceptibil-
ity of all 50 confirmed isolates of APEC (Fig. 2a). The

200bp
100bp

W ————— 302bp

100bp

Fig. 1 Detection of APEC isolates through PCR: (a) the presence of the iss gene, (b) the presence of the iroN gene, and (c) the presence of the ompT
gene [d] the presence of hlyF [e] the presence of iutA. M indicates the molecular marker. The numeric characters represent the sequential number

of APEC isolates
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Fig. 2 Graphical presentation of antibiotic susceptibility of APEC isolates: (a) the percentage (%) resistance of APEC isolates against different
antibiotic agents (b) the box and whisker plot of MIC of Nalidixic acid, chloramphenicol, streptomycin, gentamicin, ciprofloxacin, tetracycline

against APEC isolates

following antibiotics NAL, CHL, STR, GEN, CIP, and
TET were used against APEC. The isolates of APEC
showed high levels of resistance to NAL (100%), CHL
(95%), STR (89%), and GEN (80%), followed by inter-
mediate levels of resistance to CIP (68%) and TET
(60%) in the present study. The MIC values of various
antibiotics against the APEC isolates in the present
study showed that NAL and CHL had a median MIC
of 32 pg/mL. STR revealed a median MIC of 16 pg/mL
(IQR; 8-32 pg/mL). While GEN, TET, and CIP also had
a median MIC of 16 pg/mL (IQR; 4-16 pg/mL), 4 pg/
mL (IQR; 2-4 pg/mL), and 4 pg/mL (IQR; 0.5000—
64 pg/mL), respectively. In contrast, ZnO-NPs revealed
a median MIC of 64 mg/mL (IQR; 32—-128 mg/mL).

Antibiotic-resistant genes detection

PCR was used to identify drug resistance genes (gyrA,
catA, and aac) in confirmed APEC isolates that showed
resistance in an antibiotic susceptibility test. Out of 50
isolates, 19 were MDR isolates and contained all 3 anti-
biotic resistance genes, and the results were analyzed as
shown in Fig. 3. At the same time, non-MDR isolates
contained 1 or 2 genes of antibiotic resistance.

Detection of CRISPR-Cas system

The CRISPR-Cas system was confirmed in MDR iso-
lates of APEC. The CRISPR was detected by screening
casl, cas2, and cas3 genes through PCR, and amplifica-
tion results were presented in Fig. 4.

Expression of CRISPR-Cas gene in the standard strain

and APEC Isolate

The correlation between the CRISPR-Cas system and
antibiotic resistance was confirmed using qRT-PCR.
The expression of the cas3 gene increased in the MDR
of APEC isolate and the E. coli ATCC 25922 strain, as
shown in Fig. 5. This high expression may be due to the
CRISPR-Cas system, which controls several genes that
maintain membrane integrity and battle various stresses
like antibiotic resistance.

The relative cas3 gene expression in E. coli ATCC
25922 and local isolate to antibiotics was compared using
two-way ANOVA. The local isolate showed a statisti-
cally significant increase (p <0.05) in the fold expression
level when exposed to chloramphenicol, ciprofloxacin,
gentamicin, nalidixic acid, streptomycin, tetracycline,
and zinc oxide in comparison to the ATCC strain. The
relative expression of the cas3 gene varied from 1.58 to
2.47 in the local isolate versus from 1.22 to 1.62 in the
ATCC 25922 strain under different antimicrobial treat-
ments. However, the least cas3 expression was observed
against ZnO-NPs in both ATCC 25922 (1.22+0.03) and
local isolate (1.58+0.04). Whereas, the highest values
were recorded against gentamycin (1.62+0.02) and nali-
dixic acid (2.47 +0.04) in ATCC 25922 and local isolate,
respectively (Table 2).

Antibacterial Activity of ZnO-NPs

ZnO-NPs revealed a median MIC of 64 mg/ml (IQR;
32-128 mg/ml) (Fig. 6a). The descriptive analysis of APEC
isolates exposed to varying concentrations of ZnO-NPs
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Fig. 3 Detection of antibiotic resistance genes through PCR: (A) the presence of the gyrA gene, (B) the presence of the aac gene, and (C)
the presence of the catA gene. M indicates the molecular marker. The numeric characters represent the sequential number of APEC isolates

demonstrated that out of 50 isolates, 13 were inhibited
(MIC) at a concentration of 32 mg/ml. Meanwhile, 22
isolates showed a MIC of 64 mg/ml. Additionally, eleven
and four isolates revealed the MIC value of 128 mg/ml
and 256 mg/ml, respectively (Fig. 6b).

Discussion

The CRISPR-Cas systems have played a significant role
in the adaptive immune system against invading genetic
material. These processes are also important in the sur-
vival and evolution of bacteria [12]. However, its contri-
bution to antibiotic resistance hasn’t been fully explored.
The present study explored the possible association of
the CRISPR system with antibiotic resistance in APEC
isolates using phenotypic and genotypic approaches. Fur-
thermore, ZnO-NPs is explored as an alternative thera-
peutic potential for MDR APEC strains.

The current study used genus-specific-specific PCR for
five genes to detect the APEC. Multiple researchers have
tried to establish a diagnostic approach for identifying
APEC isolates on a molecular basis, including single to
multiple virulence-associated genes. Foley et al. found iss
gene to be sufficient for virulent E. coli, and the argument
is supported by Johnson et al., who found it to be signifi-
cantly higher in APEC than other isolates [20, 27]. Five
genes which were more commonly suggested by multiple
researchers, were identified in the present study as well.
These include iroN, ompT, hlyF, iss, and iutA [7, 28]. Van
der Westhuizen and Bragg [8] suggested 6 sets of multi-
plex PCRs, each including three genes for APEC identifi-
cation which include (1) iss, iucC and cvaC; (2) iroN, tsh,
and yjj; (3) vat, kpsM, and sitA; (4) frz, sitD, and fimH; (5)
ompT, iutA, and pstB; (6) sopB, uvrY, and hlyF [8]. In con-
trast to our study, Gines et al. suggested eight important
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Fig. 4 Detection of the CRISPR-Cas system in MDR isolates of APEC: (A) the presence of the cas! gene, (B) the presence of the cas2 gene and (C)

the presence of the cas3 gene. M indicates molecular marker. The numeric characters represent the sequential number of APEC isolates
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Fig. 5 Expression of cas3 gene in APEC isolate and E. coli ATCC 25922 under the exposure of different antibiotics and ZnO-NPs: (a) shows

the expression of the cas3 gene in E. coli ATCC 25922 under the exposure of antibiotics and ZnO-NPs and (b) shows the expression of the cas3 gene

in E. coli isolate under the exposure of antibiotics and ZnO-NPs
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Table 2 Comparison of cas3 gene relative Fold expression in
E. coli ATCC 25922 and local isolate when exposed to various
antimicrobial agents

Antibiotic Relative Fold Expression

cas3 geneinE. coliATCC cas genein

25,922 E. colilocal

isolate

Chloramphenicol 147 +0.00882¢f 242+0.0267%
Ciprofloxacin 147 +0.0285¢ 2.18+0.0623%¢
Gentamycin 162+0.0173¢ 2.25+0.0176°
Nalidixic Acid 1.5+0.0384° 247+00379°
Streptomycin 149+00167¢ 2.34+0.0173%¢
Tetracyclin 1.38+0.0318 2.09+0.047¢
Zinc Oxide 1.22+0.02659 1.58+0.0404¢

Values expressed as mean (+ S.E.M) having different superscripts differ
significantly (p <0.05)

genes for the identification, which include irp-2, iutA,
ompT, iss, iucD, astA, hlyF, and iroN virulence genes [5].
In the current research, 60 isolates of E. coli from poul-
try were identified as APEC, and 50 (50%) isolates were
identified. While there are researchers who find certain
groups of genes to be essential to declare APEC strains,
there were studies that found the percentage of certain
genes to be higher than others. Similarly, Azam et al. [29]
found 100% of isolates (75/75) to have iss gene while 92%
(69/75) to have a gad gene in APEC isolates. Surprisingly,
certain virulence genes were also found in commensal iso-
lates. The criteria for declaring APEC is debatable. How-
ever, largely 3-5 sets of genes have been suggested for
the identification of APEC strains. However, APEC iso-
lates exhibited a significantly higher presence of minimal
virulence predictors. Nevertheless, the identification of
virulence genes was found to be a more reliable criteria as
compared to typing based on Pulsed-field gel electropho-
resis (PFGE) and Multilocus sequence typing (MLST) [5].
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APEC causes colibacillosis, which is a serious infection
that affects many aspects of commercially grown poul-
try and results in significant financial losses [28]. Anti-
microbial drug use in food animals, particularly birds,
resulted in the transmission of dangerous disease strains
to humans through food [10]. The present study showed
a high level of resistance to nalidixic acid (100%), chlo-
ramphenicol (95%), streptomycin (80%) and gentamicin
(78%). The antibiotic resistance trend determined in this
study depicts a potentially dangerous condition of anti-
biotic-resistant APEC strains in commercial poultry in
Pakistan. All these isolates were multi-resistant, there-
fore, therapeutic success may have been compromised,
causing a serious economic burden to the broiler indus-
try. These findings correspond with previous studies that
found the highest resistance to quinolones and aminogly-
cosides compared to other antibiotics [19, 30].

Interestingly, the expected intermediate resistance lev-
els for ciprofloxacin and tetracycline are similarly con-
sistent with earlier literature [28, 31]. Previous studies
revealed a substantial increase in veterinary antibiotic
import in Pakistan due to inappropriate use in poultry.
Also, the irrational use of antibiotics induces selection
pressure on microorganisms, resulting in new multidrug-
resistant pathogens. Several studies have demonstrated
that the E. coli population of broilers are a reservoir of
antimicrobial resistance genes that may be transferred by
mobile genetic elements to the community via the food
chain [32]. Although efforts have been implemented to
reduce the use of antimicrobials in the poultry industry,
these are sometimes overused in food-producing ani-
mals, particularly in broiler farms [33].

In the present study, the CRISPR-Cas system in
MDR of APEC was detected using specific primers for
the different cas genes (casl, cas2, cas3). All MDR iso-
lates of APEC were positive for the cas genes-specific
PCR, and the results were in accordance with those
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Fig. 6 Antibacterial activity of ZnO-NPs against APEC isolates: (a) the Box and Whisker plots showing the median (Interquartile range) of MIC
of ZnO-NPs for the APEC isolates (b) Cumulative number of E. coli isolates inhibited by increasing log concentrations of ZnO nanoparticles

(ZnO-NPs)
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of previous studies [34]. The current study used qRT-
PCR to assess the relationship between the CRISPR-
Cas system and antibiotic resistance. CRISPR gene
expression was higher in MDR isolates of APEC than
in the reference strain, demonstrating that the system
is associated with antibiotic resistance. As previously
stated, this enhanced expression of CRISPR genes can
be plausibly due to the regulation of numerous genes
that play roles in membrane integrity, as the loss of
CRISPR-Cas system in antibiotic-resistant species
might have unforeseen regulatory impacts, resulting in
changes to bacterial envelope structure and increased
susceptibility to certain antibiotics [14]. Stress to
bacterial envelope and host cell infection enhances
CRISPR-Cas expression in bacteria [35, 36]. This sug-
gests that CRISPR-Cas systems are activated by mem-
brane stressors, leading to enhanced envelope integrity
and increased resistance to these stressors, which may
include antibiotics.

One of the objectives of the study was to test ZnO-
NPs as an alternative therapeutic option. The results
revealed varied susceptibility of the 50 APEC isolates
with a median of less than 60 mg/ml having a range
of 32-256 mg/ml. The results were similar to those of
Yusof et al. [36], who found MIC to be 60 for E. coli.
The antibacterial properties of ZnO-NPs are primarily
due to the action of Zn2 +ions [37]. Findings showed
that the smaller particle size of ZnO-NPs boosts their
antibacterial efficacy because of their larger surface
area to volume ratio, which increases surface reactivity
and ion release [38]. Results were comparable to other
studies where researchers found the action of ZnO-
NPs promising for poultry pathogens [39, 40].

Limitation of the study

Among the few limitations, the study of virulence-asso-
ciated genes commensal isolates along with pathogenic
may have provided a better and more in-depth picture
of APEC isolates identification. The current work pro-
vides initial evidence associating the CRISPR system to
antibiotic resistance. The correlation between CRISPR-
Cas system and antibiotic resistance was not explored
in depth, necessitating further research to understand
this relationship fully. Lastly, although innovative, the
use of ZnO-NPs as an antimicrobial agent requires
more extensive in vivo studies to evaluate its practical
applicability and potential toxicity.

Conclusions

The antibiotic resistance profile of APEC isolated from
poultry markets in Lahore, Pakistan, was examined in
this study’s conclusion. According to the findings, there
was a high prevalence of APEC in chicken samples, and a
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sizable percentage of those samples had antibiotic resist-
ance, particularly to NAL and CHL. Additionally, the
CRISPR-Cas system was found in MDR isolates of APEC,
providing evidence of a potential mechanism for the
emergence of antibiotic resistance. Furthermore, ZnO-
NPs have shown promising potential antibacterial activ-
ity in virulent isolates. These results underline the urgent
need for efficient control methods to deal with the rising
antimicrobial resistance in poultry and its possible health
effects.

Abbreviations
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