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Abstract

Antibiotic resistance (AR) is globally an urgent veterinary and public health threats. Extended-spectrum [-
lactamase (ESBL) production is a major mechanism enhancing bacteria resistance to multiple antibiotics thus
limiting treatment options of such bacteria diseases and resulting in high mortality hence, the focus of this
present study on evaluating antibiogram profile of ESBL-producing enterobacteriaceae (ESBL+EN) harboured
in poultry droppings collected from integrated poultry-fish farms at Ila Orangun, Osun State, Nigeria. From
November 2024 to April 2025, a total of 162 poultry droppings were aseptically and randomly collected from
six poultry-fish farms, processed and bacteriologically analysed using standard microbiological techniques.
Isolated isolates were conventionally characterized, ESBL-production in them were confirmed via double-disc
synergy test, and antibiogram of the confirmed ESBL+ isolates were carried out via Kirby bauer disc diffusion
method. Out of 161 isolates recovered from the poultry droppings, 60 (37.27%) were probable ESBL+ while 29
(18.01%) were confirmed ESBL+. Overall, the ESBL+EN exhibited highest resistance (93.1%) to aztreonam
and lowest resistance (0%) to imipenem. Individual members of the enterobacteriaceae showed varying degree
of sensitivity to the tested antibiotics. Among all the ESBL+ isolates, 22 (75.86%) with MARI greater than 0.2
were multidrug-resistant (MDR) indicating these isolates originated from potentially dangerous sources where
antibiotics are regularly used and depicting how difficult it will be to treat infections resulting from consuming
chicken meat from the studied farms. This study alarms chickens as a potential reservoir of MDR, ESBL+EN,
which might shed and contaminate the fishponds water, the fish and the environment through faecal matter.
Prudent use of antibiotics should be implemented to manage antibiotic resistance in integrated poultry-fish
farms.
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I. INTRODUCTION

Over time, antibiotics have become widely used in various fields such as medicine, agriculture and
industries, as they play important roles in the survival of humans against various infectious diseases. (McEwen
and Collignon, 2017; WHO, 2018). The excessive use of antibiotics has led to the rapid emergence of bacteria
resistant otherwise called “superbugs” which latter becomes a major threat to humanity as they make the
treatment of bacterial diseases very difficult (Smith ef al., 2021). In 2019, about 4.95 million death was recorded
as a result Antibiotic Resistance (ABR) across the globe (Fernandez, 2022). If measures are not taken to fight
against antibiotic resistance by 2050, more mortality rate rising to 10 million people annually could be recorded,
which resultantly can affect gross domestic product (GDP) declining by 2% to 4% (O'neill, 2014).
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Extended-Spectrum B-Lactamases (ESBLs) have been identified as one of the major causes of
therapeutic failure in clinical medicine among other resistance determinants, as they are capable of hydrolizing a
broad spectrum of B-lactams, including third-generation cephalosporins such as ceftriaxone, cefotaxime and
ceftazidime, leaving limited treatment options (Buss and Bradford, 2020), thus ESBL-producing bacteria can
exhibit co-resistance to multiple classes of antibiotics (Tacdo et al., 2014). The emergence of ESBL-producing
Enterobacteriaceae has become one of the major public health concerns, with limited treatment options
(Castanheira et al., 2021). In several studies, many clinical samples have displayed Extended-Spectrum pB-
lactamase (ESBL)-producing Enterobacteriaceae , but there is insulficient information on their prevalence in
nonclinical samples (Laudy et al., 2017; Dehbashi et al., 2020)

ESBL-producing Enterobacterales were sometimes ago regarded a nosocomial concern, however, in
the past two decades, their epidemiology has shifted, which is more common in community, animal, and
environmental settings (Bevan et al., 2021). This substantiate the interconnection with AMR as described in the
One Health framework, emphasizing the relationship between human, animal, and environmental health
(Robinson et al., 2016).

Food production systems, particularly poultry and fishery, are one of the sectors with high-risk of
antibacterial resistance transmission (Van Boeckel ef al., 2019). The level of organic matter and possible
antibiotic residues in this sector could create selective pressures that favour resistant population (Gothwal and
Shashidhar, 2020). Although this farming system (integrated poultry-fish) are beneficial economically, but may
facilitate the movement of resistant bacteria and antimicrobial resistance genes (ARGs) unintentionally between
different sections which may expand the possibility of horizontal gene transfer (HGT) and the spread of
resistance determinants. The production of extended-spectrum [B-lactamases (ESBLs) by Enterobacteriaceae
may further worsen this problem (Iredell et al., 2016).

Conducting a continuous surveillance becomes very important for addressing the growing threat of
antibiotic resistance effectively. However, antibiotic resistance surveillance studies in sub-Saharan Africa have
largely concentrated on human populations, with limited attention given to animals and the environment
(Adzitey, 2020; Donkor et al., 2019; Appiah et al., 2020; Dayie et al., 2021; Kotey et al., 2022; Baah et al.,
2022; Addae-Nuku et al., 2022; Donkor et al., 2023). To help tackle the antibiotic resistance menace efficiently,
it is important to continuously conduct surveillance. However, most antibiotic resistance surveillance studies,
particularly, those conducted in sub-Saharan Africa, have mainly focused on humans and rarely on animals and
the environment (Adzitey, 2020).

There is limited information on the occurrence and spreading of drug-resistant ESBL-producing
Enterobacteriaceae in integrated poultry and fishery in Nigeria. To address this gap, this study focuses on
determining the antibiotic resistance patterns of ESBL-producing Enterobacteriaceae isolated from poultry
droppings collected from integrated poultry-fish farms in Ila Orangun, Osun State, Nigeria, with the aim of
contributing to efforts to control antibiotic resistance.

II. MATERIALS AND METHODS

Description of Study Area

The study was conducted in commercialised integrated poultry-fish farms system located at Ila Orangun, Osun
State, Nigeria. Ila Orangun, the headquarters of Ila Local Government Area in Osun State Nigeria, has an area
of approximately 303km? and a population of 62,049 (2006 census). However, according to the information
obtained from GeoNames geographical database, the population of Ila Orangun is 179, 192. The latitude and
longitude coordinate of this town are 8.019116 and 4.901962 respectively. A common traditional profession of
the indigenes of the town is palm-wine tapping. The people of Ila speak the distinctive dialect of the Yoruba
language called Igbomina (or Igbonna).

Consideration of Ethical Issues

The study’s purpose was explained to the integrated poultry-fish farmers, who consented to sampling on the
condition that their identities be concealed, therefore, the farms where the samples were taken are not disclosed
in this study. This study was performed in accordance with guidelines of the University of Benin research
committee and the guidelines for the care and use of Agricultural Animals in research and teaching (Grandin,,
2026).

Samples Collection and Transportation

A longitudinal sampling protocol spanning from November 2024 to April 2025 (six months) yielded 6
composite discrete poultry droppings. At each integrated farm, nine freshly passed poultry droppings of
approximately equal mass (10g) were aseptically and randomly retrieved from three well-spaced spots (the
middle and both ends of the cage) per integrated system and three integrated system in each farm. Clean and
Sterile spatula was used in the samples collection which later was placed into well labelled sterile universal
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sampling bottles containing 90 ml buffer peptone water (BPW) (Himedia, India M614). The samples were
mixed to form a composite (pooled) sample and were immediately placed in a cooler (icebox) containing ice
packs to maintain a temperature of 4°C. The samples were collected very early in the morning (06:00am to
09:00am), once in a month (to give room for samples processing, bacteria isolation and identification). They
were taken to the laboratory within 24 hours for immediate processing and bacteriological analysis.

Sample Processing and Bacteria Isolation

One (10) grams of each composite sample was separately weighed and introduced into separate 90ml
of sterile distilled water contained in cotton-plugged sterile conical flask. Each mixtures was homogenized by
shaking. Six fold serial dilutions were made by withdrawing 1ml of the mixtures into test tubes containing 9ml
of distilled water. Second, 4" and 6" dilution factors were respectively used to inoculate different sterile growth
media (Nutrient Agar, Eosin Methylene Blue, Salmonella/Shigella and MacConkey agars) using the pour plate
method of inoculation. Inoculated plates were incubated at 37°C for 24-48 h in an incubator. Distinct colonies
were sub-cultured into fresh sterile medium using the streak plate method and further incubated for 24 h to
obtain pure cultures.

Maintenance of Bacteria Stock Culture

Each of the isolates were maintained as stock cultures for further studies on nutrient agar (Oxoid, UK)
slants in Bijou bottles. This was done by streaking the isolates on the agar slants, and incubating at 37 °C for 24
hrs. After incubation, the inoculated slants were stored in the refrigerator at ambient temperature and these stock
cultures served as source of each isolate for further bacteriological studies.

Identification of Bacterial Isolates

Morphological Characterization of Isolates

A 24-hour old pure culture of the isolates was characterized and the different morphologies were recorded.
Gram-Staining and Microscopic Examination

This was carried out according to the method described by (Becerra et al, 2016)

Biochemical Characterization of the Isolates

The biochemical tests such as motility test, catalase test, citrate utilization test, indole test, methyl red test,
voges-proskauer test, and sugar fermentation test such as glucose, lactose and maltose were carried determined
following the method described by Cheesbrough, 2016. The validation was carried out by incorporating
established reference strains typically Escherichia coli ATCC 25922, Klebsiella pneumoniae ATCC 13883,
Enterobacter aerogenes ATCC 13049, Salmonella typhimurium ATCC 14028 and Proteus mirabilis ATCC
43071.

Screening of Potential Extended Spectrum Beta-Lactamase Producing Enterobactericeae

All the isolates were screened for the production of extended-spectrum -lactamases (ESBLs). Mueller-
Hinton agar plates were inoculated with a homogeneous suspension of each test isolate. Separate antibiotic discs
containing ceftazidime (30 pg) and cefotaxime (30 png), were aseptically placed on the surface of the inoculated
agar, with a distance of 30 mm between the discs. The plates were allowed to stand on the workbench for
approximately 30 minutes to facilitate antibiotic diffusion into the agar and were subsequently incubated at 37
°C for 24 hours. After incubation, the zones of inhibition were measured using a meter rule. Reduced
susceptibility or resistance to either of the antibiotics used for screening was considered indicative of suspected
ESBL production (CLSI, 2024).

Recognition of Extended Spectrum Beta-Lactamase Producing Enterobacteriaceae

An 18-hour-old culture of isolates showing resistance to one or more third-generation cephalosporins
was transferred into test tubes containing sterile normal saline. The turbidity of each suspension was adjusted to
the 0.5 McFarland standard. The prepared bacterial suspension was then inoculated onto Mueller-Hinton agar
plates by uniformly swabbing the entire agar surface. The double-disc synergy test was performed using an
Augmentin disc together with ceftazidime (30 pg) and cefotaxime (30 pg) discs. The ceftazidime and
cefotaxime discs were positioned at an equidistance of 20 mm from the Augmentin disc. The plates were
subsequently incubated at 37 °C for 24 hours. Following incubation, the plates were examined, and an isolate
was considered to be an ESBL producer when the zone of inhibition showed a difference of <5 mm between
cefotaxime or ceftazidime tested in combination with Augmentin and the corresponding antibiotic tested alone
(CLSI, 2024).
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Antibiotic Susceptibility Test of the ESBL-Producing Bacteria

The test for Antibiotic Susceptibility of the ESBL-Producing Bacteria was done using the standard
Kirby-Bauer disk diffusion (Jayabarath, 2015). The ESBL-producing bacteria inoculum was prepared by
separately suspending the freshly grown bacteria in 5 ml sterile nutrient broth and its turbidity adjusted to 0.5
McFarland standards. The antimicrobial susceptibility testing was performed separately on Mueller-Hinton agar
using the following antibiotics: beta-lactam combination agent (augmentin 20/10pug), cephem (cefotaxime 30pg,
ceftazidime 30ug, cefixime 5pg), carbapenem (imipenem 10pg), aminoglycosides (gentamicin 10pg),
fluoroquinolone (ciprofloxacin 5ug, ofloxacin, 5ug), monobactam (aztreonam 30ug) and nitrofurans
(nitrofurantoin 300pg). The plates were incubated aerobically at 37 °C for 24 h. The zones of inhibition were
measured with a metre rule and the results were recorded and interpreted according to the Clinical and
Laboratory Standards Institute (CLSI) guidelines [2024] shown in Table 1. However, those isolates that show
intermediate resistance to the antibiotics were designated resistant [Magiorakos et al., 2012]. Escherichia coli
ATCC 25922, was used as a quality control organism.

Table 1: Concentrations and Interpretation Breakpoints of the Various Antibiotics Used in this Study

|CLSI, 2024]
Family of Antibiotics Name of Antibiotics Antibiotics Disc Interpretive Categories and
Tested Antibiotics Tested Disc Code Concentrations (ung) Zone Diameter Breakpoint,
Nearest Whole Number
(mm)
S R
Beta-lactam combination Augmentin AUG 30 >18 <13
Cephems Cefotaxime CTX 30 >26 <22
Ceftazidime CAZ 30 >18 <14
Cefixime CXM 5 >16 <20
Carbapenem Imipenem IMP 10 >19 <15
Aminoglycosides Gentamicin GEN 10 >15 <12
Fluoroquinolones Ciprofloxacin CIP 5 >21 <15
Ofloxacin OFL 5 >16 <12
Monobactam Aztreonam AZT 30 >22 <15
Nitrofuran Nitrofurantoin NIT 300 >17 <14

Rates of Antimicrobial Resistance (AMR)
The following calculation was used to determine the percentage of resistant isolates for each antibiotic.

Number of resistant isolates x 100

% rate =
’ Number of tested isolates

According to Papadopoulos ef al. [2021] and Adebowale et al. [2022], rates (%) of resistance were classified
into % rate >70%, >50 to 70%, >20 to 50%, >10 to 20%, >1 to 10%, 0.1 to 1% and <0.1% as extremely high,
very high, high, moderate, low, very low and rare, respectively.

Multidrug Resistance (MDR) Patterns
Briefly according to Sweeney et al. [2018], isolates that were non-susceptible to at least three antibiotics classes
were grouped as MDR.

The Multiple Antibiotic Resistance Index (MARI)

The formula: a/b, was used to calculate and interpret the multiple antibiotic resistance index (MARI), where “a”
represents how many antibiotics an isolate proved resistance to, and “b” represents how many antibiotics were
tested in total (Adegoke et al., 2020; Adzitey et al., 2012; Titilawo et al., 2015). MARI values were compared to
the threshold value of 0.2. A MARI value >0.2 implies that the original sources of isolates likely involved heavy
antibiotic use or misuse of antibiotics (Elshebrawy et al., 2022), whereas <0.2 denotes samples from sources
with less antibiotic usage or low risk (Afunwa et al., 2020).

II. RESULTS
Morphological, Macroscopic, Cultural and Staining Characteristics of the Bacteria Isolated from the
Poultry Droppings Collected from the Integrated Poultry-Fish Farms
Table 2 below showed the morphological, macroscopic, cultural and staining characteristics of the bacteria
isolated from poultry droppings collected from the six integrated poultry-fish farms at Ila Orangun, Osun State,
Nigeria. Inferences drawn from the bacteria characteristics are as depicted in the table.
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Biochemical Characteristics of the Bacteria Isolated from Poultry Droppings Collected from the
Integrated Poultry-Fish Farms

Table 3 below showed the biochemical characteristics of the bacteria isolated from poultry droppings collected
from the six integrated poultry-fish farms at Ila Orangun, Osun State, Nigeria. Inferences drawn from the
biochemical characteristics were used in getting the identity of the isolates as depicted in the table.

Preliminary Screening for ESBL-producing Isolates from Poultry Droppings Collected from the
Integrated Poultry-Fish Farms

The preliminary screening for ESBL production by E. coli, K. pneumonia, K. aerogenes, Shigella sp.,
Salmonella sp., Enterobacter sp., Serratia sp. and Proteus sp. isolated from the poultry dropping samples are
shown in Table 4 where 24 (68.57%), 10 (33.33%), 4 (33.33%), 2 (16.67%), 9 (30%), 3 (27.27%), 3 (60%) and
5 (19.23%) of the respective isolates were suspected to be ESBL producers since they showed resistance to
cefotaxime (Table 4).

Confirmatory Screening for Suspected ESBL-producing Isolates from Poultry Droppings Collected from
the Integrated Poultry-Fish Farms

The confirmatory screening for ESBL production by isolates from the poultry dropping samples indicated that
29 (48.33%) out of the 60 suspected ESBL positive isolates from the poultry dropping samples were confirmed
to be ESBL positive. Of all the bacteria isolated Shigella sp., Enterobacter sp. and Serratia sp were ESBL
negative, others were positive with E. coli showing the highest occurrence (79.17%) of the ESBL positive
isolates in the poultry dropping samples (Table 5).

Occurrence of ESBL Producers in the Poultry Droppings Collected from the Integrated Poultry-Fish
Farms

From table six, 60 (37.27%) of the 161 bacteria isolated from the poultry dropping samples were suspected to be
ESBL producers, 29 (18.01%) were confirmed to be ESBL producers while 31 (19.26%) were non-ESBL
producers (Table 6)

Prevalence of Enterobacterales and the ESBL-producing Enterobacterales in the Poultry Droppings from
the Integrated Poultry-Fish Farms

Table 7 below showed that out of 161 Enterobacteriaceae isolates identified, the most predominant isolate was
E. coli 35 (21.74), followed by K. pneumoniae 30 (18.63), Salmonella sp. 30 (18.63), Proteus sp. 26 (16.15), K.
aerogenes 12 (7.45), Shigella sp. 12 (7.45), Enterobacter sp. 11 (6.83) and Serratia sp. 5 (3.11).

Also, the table showed that out of the 161 enterobacterales recovered from the poultry droppings in the present
study, the ESBL-positive was 29 (18.01%). Of these, the prevalence of E. coli, K. pneumonia, K. aerogenes,
Salmonella sp., and Proteus sp. were 19 (54.29), 5 (16.67), 1 (8.33), 3 (10), and 1 (3.85), respectively.
Antibiotic Resistance Profile of ESBL-producing Enterobacteriaceae Isolated from Poultry Droppings
Collected from Integrated Poultry-Fish Farms

Table 8 showed the antibiotic resistance profile of the ESBL-producing enterobactericeae isolated from poultry
droppings collected from the farms to the tested antibiotics. The ESBL-producing Enterobacterioceae showed
highest (93.1%) resistance to aztreonam and lowest resistance (0%) to imipenem with 89.5% of E. coli, 100% of
K. pneumonia, 100% of K. aerogenes, 100% of Salmonella sp. and 100% of Proteus sp., respectively resisting
aztreonam and none resist imipenem

Multidrug Resistance Profiles of ESBL producing Enterobacteriaceae (N = 29) Isolated from Poultry Dro
ppings Collected from Integrated Poultry-Fish Farms

Table 9 showed a total of 7 antibiotics from 7 classes (beta-lactam combination agent, cephem,
carbapenem, aminoglycosides, fluoroquinolone, monobactam and nitrofurans) were used to assess the MDR
patterns of the ESBL positive Enterobacteriaceac. The overall MDR prevalence in this study was 22/29
(75.86%). Regarding the MDR rate of individual bacterial isolates K. aerogenes, Salmonella sp. and Proteus sp.
were totally (100%) MDR followed by E. coli (73.68%) and K. pneumonia (60%). Overall, 1/29 (3.45%) of the
enterobacteriacea resisted highest number of antibiotic classes which was 6 (CIP-CAZ-NIT-GEN-OFL-AUG)
while 5/29 (17.24%) resisted the lowest which was 3 (CAZ-OFL-AUG and CXM-AZT-AUG, respectively). As
regards the individual member of the enterobacteriaceae, 1/19 (5.26%) of E. coli resisted highest number of
antibiotic classes which was 6 (CIP-CAZ-NIT-GEN-OFL-AUG) while 4/19 (21.05%) resisted the lowest which
was 3 (CXM-AZT-AUQG); 1/5 (20%) of K. pneumonia resisted highest number of antibiotic classes which was 4
(CIP-CRX-GEN-OFL-AUG and NIT-CAZ-AZT-AUG, respectively) while same value resisted the lowest
which was 3 (CAZ-OFL-AUG); 1/3 (0.33%) of Salmonella sp. resisted highest number of antibiotic classes
which was 4 (CIP-CRX-GEN-OFL-AUG) while same value resisted the lowest which was 3 (CAZ-OFL-AUG);
1/1 (100%) of K. aerogenes and Proteus sp. resisted 4 (CIP-CRX-GEN-OFL-AUG) and 3 (CXM-AZT-AUG)
classes of antibiotics, respectively
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Multiple Antibiotic Resistance (MAR) Index of ESBL producing Enterobacteriaceae

(N =29) Isolated from Poultry Droppings Collected from Integrated Poultry Fish

Farms

Table 10 showed the Multiple antibiotic resistance (MAR), defined here as resistance to at least two (2)
antibiotics. MAR was observed in 22 (75.86%) of the 29 ESBL+EN isolates. Ten (45.46%), 6 (27.27%), 5
(22.73%), 5 (22.73%) and 1 (4.55%) of the enterobacteriaceae showed 0.3, 0.4, 0.5 and 0.6 MAR index,
respectively. Regarding the MAR index rate of individual bacterial isolate: Four (28.57%), 2 (14.29%) and 1
(7.14%) of E. coli showed 0.4, 0.5 and 0.6 MAR index respectively; 1 (33.33), 1 (33.33) and 1 (33.33) of K
pneumoniaea and the Salmonella sp. showed 0.3, 0.4 and 0.5 MAR index, respectively; All the K. aerogenes
and the Proteus sp. showed 0.5 and 0.3 MAR index respectively.

Table 2: Morphological, Macroscopic, Cultural and Staining Characteristics of the Bacteria Isolates from
Poultry Droppings Collected from the Integrated Poultry-Fish Farms

Colony Characteristics on MacConkey Agar

Morphology (Staining
Characters)

Probable Organism

Smooth, circular, flat and non-mucoid, colonies
that are pink to reddish-pink due to lactose
fermentation

Smooth, large (often 4-6 mm), round, convex
(dome-shaped), and shiny colonies that are pink
to dark pink/red due to lactose fermentation,
appearing mucoid  slimy,  glistening, and
sticky because of their prominent polysaccharide
capsule.

small to medium (2-3 mm), convex (dome-
shaped), smooth, and can have slightly serrated
or entire margins, colorless or pale, translucent
colonies because they are non-lactose fermenters

Small (1-2 mm), smooth (entire), circular,
smooth, low convex colonies that are colorless or
whitish or clear (non-lactose fermenters), often
translucent, and may have slightly rough edges

Pink to red/rose-red colonies due to lactose
fermentation (Lact) and produce a capsule,
making the colonies appear moist, mucoid
(slimy/sticky and sticky, often surrounded by a
hazy zone.

Translucent, colorless, non-lactose fermenting
colonies that often exhibit a
characteristic swarming (forming a thin, filmy
layer) growth pattern, spreading across the plate
in concentric rings with a fishy or ammonia-like
smell, though they may appear as smaller,

Gram-negative (pink/red colour),
small (1.0-2.0 um long and 0.5
pm wide), rod-shaped, arranged
in single or paired short, motile,
Non-sporing, some are
capsulated

Gram-negative (pink/red colour),
small rod-shaped, arranged in
single or paired short , Non-
motile, Non-spore-forming,
capsulated

Gram-negative (pink/red
colour), small (2-5 um long,
0.8-1.5 pum wide) rod-shaped,
arranged in single or paired
short ,motile, Non-spore-
forming, capsulated

Gram-negative (pink/red
colour), small (1 to 3 um long
and 0.4 to 0.6 um wide), non-
motile, non-spore-forming, non-

encapsulated, rod-shaped
bacteria (bacilli).
Gram-negative (pink/red

colour), motile, small (1-5 pum

long) straight rod-
shaped bacteria

(bacilli) appearing as singly,
dispersed or scattered,
facultative anaerobic, and non-
spore forming,
capsulated bacteria.
Gram-negative (pink/red
colour), motile, non-spore-

forming, non-encapsulated, rod-
shaped (bacilli) bacteria that are
sometimes pleomorphic

E. coli

Klebsiella sp.

Salmonella sp.

Shigella sp.

Enterobacter sp.

Proteus sp.
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https://www.google.com/search?q=swarming&sca_esv=66c1dd4ec4def70c&sxsrf=ANbL-n6W6Lc4riX5_oQ7nWEHpudv0YEeUw%3A1768271676096&ei=PK9laf3QBeC2hbIPz57gqQ0&ved=2ahUKEwjr28buvoeSAxWZUUEAHYCIJV4QgK4QegQIARAE&uact=5&oq=Colony+characteristics+of+Proteus+sp.+on+MacConkey+Agar&gs_lp=Egxnd3Mtd2l6LXNlcnAiN0NvbG9ueSBjaGFyYWN0ZXJpc3RpY3Mgb2YgUHJvdGV1cyBzcC4gb24gTWFjQ29ua2V5IEFnYXIyChAAGLADGNYEGEcyChAAGLADGNYEGEcyChAAGLADGNYEGEcyChAAGLADGNYEGEcyChAAGLADGNYEGEcyChAAGLADGNYEGEcyChAAGLADGNYEGEcyChAAGLADGNYEGEdI8x5Q8QlY8QlwAXgBkAEAmAEAoAEAqgEAuAEDyAEA-AEC-AEBmAIBoAJMmAMAiAYBkAYIkgcBMaAHALIHALgHAMIHAzUtMcgHOYAIAA&sclient=gws-wiz-serp&mstk=AUtExfClt51iZzD7u0Kj-qKEC_FnTIh07u4sNcDETqv5tu2ML8_yIeZjBqzjzwB27ePmUsfNJBY2LTPzHSxkYcvJ8szbASnAbFFZUK4Qpoj1vtzrkmCaXBYaPQhe19Nqno-b73x6OUqzbmvMZj0ztNfFlkB-qLFaXXpEcAeXfpTPLTlLKKomL5vQSuBGrFJd3gZ7oXg8cdoH00Kf5JKL2SSKSwKtNhUkafOMCWbB9kqRw3C0sWz3ipDo6Y5ojvVVdKHaN0Tyw48dqWEzFufGQ6HAwuxH&csui=3
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smooth, pale or grayish-white colonies if motility
is inhibited.

Smooth, circular, raised, and can become mucoid, Gram-negative (pink/red  Serratia sp.
Initially the colonies appear colorless or pale at colour), motile, non-spore-
24 hours but later turns pink/red at 48 hour due to forming, encapsulated, rod-
late/slow lactose fermentation and production of shaped bacteria appearing as
prodigiosin single cells or arranged in short
chains typically straight or
slightly ~ curved, measuring
approximately 0.5 to 0.8 um in
diameter and 1 to 2 pm in
length.

Table 3: Biochemical Characteristics of the Bacteria Isolated from Poultry Droppings Collected from the
Integrated Poultry-Fish Farms

MOT CAT CIT IND MR VP GLU LAC MAL Isolates Identity
+ + - + + - + + + Escherichia coli
- + + - - + + + + Klebsiella pneumoniae
+ + + - - + + + + Klebsiella aerogenes
+ + + - + - + - + Salmonella sp.
_ + - +/- + - + - +/- Shigella sp.
+ + + - - + + + + Enterobacter sp.
+ + + - + - - - + Proteus sp.
+ + + - - + + + + Serratia sp.

KEY: MOT = Motility, CAT = Catalase, CIT = Citrate, IND = Indole, MR = Methyl Red, VP = Voges-
Proskauer, GLU = Glucose, LAC = Lactose, MAL = Maltose, - = negative, + = positive, +/- = variable

Table 4: Preliminary Screening for ESBL-producing Isolates from Poultry Droppings Collected from the
Integrated Poultry-Fish Farms

Name of isolate No. (%) of isolate Antibiotics used No. (%) resistant  No. (%) sensitive
E. coli 35 (21.74) Cefotaxime 24 (68.57) 11(31.43)
Ceftazidime 22 (62.86) 13 (37.14)
K. pneumoniae 30 (18.63) Cefotaxime 10 (33.33) 20 (66.67)
Ceftazidime 8 (26.67) 22 (73.33)
K. aerogenes 12 (7.45) Cefotaxime 4(33.33) 8 (66.67)
Ceftazidime 2 (16.67) 10 (83.33)
Shigella sp. 12 (7.45) Cefotaxime 2 (16.67) 10 (83.33)
Ceftazidime 1(8.33) 11 (91.67)
Salmonella sp. 30 (18.63) Cefotaxime 9 (30) 21 (70.0)
Ceftazidime 7(23.33) 23 (76.67)
Enterobacter sp. 11 (6.83) Cefotaxime 3(27.27) 8(72.73)
Ceftazidime 2 (18.18) 9 (81.82)
Serratia sp. 5@3.11) Cefotaxime 3 (60) 2 (40.0)
Ceftazidime 2 (40.0) 3 (60.0)
Proteus sp. 26 (16.15) Cefotaxime 5(19.23) 21 (80.77)
Ceftazidime 4 (15.39) 22 (84.61)
TOTAL 161 Cefotaxime 60 (37.27) 101 (62.73)
Ceftazidime 101 (62.73) 60 (37.27)

KEY: No. = Number, % = Percentage

Table 5: Confirmatory Screening for Suspected ESBL-producing Isolates from Poultry Droppings
Collected from the Integrated Poultry-Fish Farms

Name of isolate No. of isolates screened No. of ESBL + (%) No. of ESBL - (%)
screened isolates isolates
E. coli 24 19 (79.17) 5(20.83)
K. pneumoniae 10 5(50.0) 5 (60.0)
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K. aerogenes
Shigella sp.

Salmonella sp.
Enterobacter sp.

Serratia sp
Proteus sp.
TOTAL

(=)
SNWWoN M~

1 (25.0)
0(0)
3(33.33)
0(0)
0(0)

1 (20.0)

29 (48.33)

3 (75.0)
2 (100.0)
6 (66.67)
3 (100.0)
3 (100.0)
4 (80.0)

31 (51.67)

KEY: No. = Number, % = Percentage

Table 6: Occurrence of ESBL-producers in the Poultry Dropping Samples Collected from Poultry-fish
Pond Integrated Farms

Isolate Isolate No. (%) of Probable No. (%) of Confirmed No. (%) of Non
No. (%) ESBL Producers ESBL Producers ESBL Producers
E. coli 35(21.74) 24 (68.57) 19 (54.29) 16 (45.71)
K. pneumoniae 30 (18.63) 10 (33.33) 5(16.67) 25 (83.33)
K. aerogenes 12 (7.45) 4 (33.33) 1(8.33) 11 (91.67)
Shigella sp. 12 (7.45) 2 (16.67) 0(0) 12 (100.0)
Salmonella sp. 30 (18.63) 9 (30.0) 3(10.0) 27 (90.0)
Enterobacter sp 11 (6.83) 3(27.27) 0(0) 11 (100.0)
Serratia sp. 5@3.11) 3 (60.0) 0(0) 5(100.0)
Proteus sp. 26 (16.15) 5(19.23) 1(3.85) 25 (96.15)
Total 161 60 (37.27) 29 (18.01) 31 (19.26)

KEY: No. =Number; % = percentage

Table 7: Prevalence of Enterobacterales and the ESBL-producing Enterobacterales in Poultry Droppings
Collected from Poultry-Fish Pond Integrated Farms

Isolate Isolate No. (%) No. (%) of Probable ESBL No. (%) of Confirmed
Producers ESBL Producers
E. coli 35(21.74) 24 (68.57) 19 (54.29)
K. pneumoniae 30 (18.63) 10 (33.33) 5(16.67)
K. aerogenes 12 (7.45) 4 (33.33) 1(8.33)
Shigella sp. 12 (7.45) 2 (16.67) 0(0)
Salmonella sp. 30 (18.63) 9 (30) 3(10)
Enterobacter sp. 11 (6.83) 3(27.27) 0(0)
Serratia sp. 5@3.11) 3 (60) 0(0)
Proteus sp. 26 (16.15) 5(19.23) 1 (3.85)
Total 161 (100) 60 (37.27) 29 (18.01)

KEY: No. =Number; % = percentage

Table 8: Antibiotic Resistance Profile of ESBL-producing Enterobacteriaceae Isolated from Poultry
Droppings Collected from Integrated Poultry-Fish Farms

Antibiotics ESBL-producing Enterobacteriaceae (n = 29)
Disc Code E. coli K. pneumonia K. aerogenes Salmonella sp. Proteus sp. Total
(n=19) (n=5) (n=1) n=3) (n=1) (n=29)
S No. R No. S No. R No. S No. R No. S No. R No. S No. R No. S No. R No.
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
AUG 3 16 1 4 0 1 1 2 0 1 5 24
(15.7)  (84.2) (20) (80) 0) (100) (33.3) (66.7) 0) (100) (17.2)  (82.8)
CTX 7 12 2 3 1 0 2 1 0 1 12 17
(36.8)  (63.2) (40) (60) (100) 0) (66.7) (33.3) 0) (100) (414)  (58.6)
CAZ 6 13 2 3 1 0 2 1 0 1 11 18
(31.6)  (68.4) (40) (60) (100) 0) (66.7) (33.3) 0) (100) 37.9) (62.1)
CXM 5 14 1 4 1 0 2 1 0 1 9 20
(26.3)  (73.7) (20) (80) (100) (0) (66.7) (33.3) (0) (100) 31 (69)
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IMP 19 0 5 0 1 0 3 0 1 0 29 0
(100) ©0) (100) ©0) (100) 0) (100) 0) (100) 0) (100) 0)
GEN 12 7 3 2 1 0 2 1 1 0 19 10
(63.2)  (36.8)  (60) (40) (100) (0) (667  (333)  (100) (0) (65.5)  (34.5)
cIp 9 10 2 3 1 0 2 1 1 0 15 14
(474)  (53.6)  (40) (60) (100) (0) (667  (333)  (100) (0) GLT)  (48.3)
OFL 8 11 2 3 1 0 2 1 1 0 14 15
(@2.1)  (579)  (40) (60) (100) 0)  (66.7)  (333)  (100) (0) (483)  (51.7)
AZT 2 17 0 5 0 1 0 3 0 1 2 27
(10.5)  (89.5)  (0) (100) (0) (100)  (0) (100) (0) (100) (6.9  (93.1)
NIT 18 1 5 0 1 0 3 0 1 0 28 1
(94.7)  (5.3)  (100) (0) (100) (0) (100 (0) (100) (0) (96.6) (3.4

KEY: ESBL = Extended-spectrum beta-lactamase, No. / n = number, % = percentage, S = susceptible, R =
resistance, ANT = antibiotics

Table 9: Multidrug Resistance Profiles of ESBL producing Enterobacteriaceae Isolated from Poultry Dro
ppings Collected from Integrated

Poultry-fish Farms

MDR Pattern No. of No. of ESBL-producing Enterobacteriaceae
Antibiotics  Antibiotics E. coli K. K. Salmonella Proteus Total No.
(Classes) tested (n=19) p i aerog sp. sp. (%)
(n=5) (m=1) (m=3) (m=1) (n=29)
No. (%) No. (%) No. (%) No. (%) No. (%)
NIT-IMP-CIP-CAZ-GEN-AUG- 7(7) 10 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
AZT
CIP-IMP-AZT-GEN-CRX-AUG 6(6) 10 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
CIP-CAZ-NIT-GEN-OFL-AUG 6(6) 10 1(5.26) 0(0) 0(0) 0(0) 0(0) 1(3.45)
CIP-CAZ-NIT-GEN-AZT-AUG 5(5) 10 1(5.26) 0(0) 0(0) 0(0) 0(0) 1(3.45)
CIP-CRX-GEN-OFL-AUG 54) 10 1(5.26) 1(20) 1 (100) 1(0.33) 0(0) 4(13.79)
IMP-CXM-GEN-OFL 44 10 0 (0) 0(0) 0(0) 0(0) 0(0) 0(0)
NIT-CXM-IMP-AUG 4(4) 10 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
NIT-CAZ-AZT-AUG 44 10 1(5.26) 1(20) 0(0) 0(0) 0(0) 2(6.90)
CIP-CXM-OFL-AUG 4(4) 10 1(5.26) 0(0) 0(0) 1(0.33) 0(0) 2 (6.90)
CIP-CAZ-GEN-AUG 44 10 2 0(0) 0(0) 0(0) 0(0) 2(6.90)
(10.53)
CAZ-OFL-AUG 3(3) 10 3 1(20) 0(0) 1(0.33) 0(0) 5(17.24)
(15.79)
CXM-AZT-AUG 3(3) 10 4 0(0) 0(0) 0(0) 1(100) 5(17.24)
(21.05)
IMP-CAZ-CTX 3(2) 10 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Total Non-MDR of ESBL+ Isolates 5 2 (40) 0(0) 0(0) 0(0) 7 (24.149)
No. (%) (26.32)
Total MDR of ESBL+ Isolates No. 14 3 (60) 1 (100) 3 (100) 1(100) 22
(%) (73.68) (75.86)

KEY: ESBL = Extended-spectrum beta-lactamase, No. /n = Number, % = percentage, MDR = Multidrug-

resistant,

Table 10. Multiple Antibiotic Resistance (MAR) index of ESBL producing Enterobacteriaceae Isolated fr
om Poultry Droppings Collected from Integrated Poultry-fish Farms Nigeria

No. of Antibiotics No. of MAR ESBL-producing Enterobacteriaceae
[a] Antibiotics Index E. coli K. K. Salmonella Proteus Total
tested (a/b) (n= pneumoniae aerogenes sp. sp. No. (%)
[b] 14) n=3) m=1) n=3) m=1) MAR
No. No. (%) No. (%) No. (%) No. (%) (n=22)
(%) MAR MAR MAR MAR
MAR
10 10 1 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
9 10 0.9 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
8 10 0.8 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
7 10 0.7 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
6 10 0.6 1 0(0) 0(0) 0(0) 0(0) 1 (4.55)
(7.14)
5 10 0.5 2 1(33.33) 1 (100) 1(33.33) 0(0) 5(22.73)
(14.29)
4 10 0.4 4 1(33.33) 0(0) 1(33.33) 0(0) 6(27.27)
(28.57)
3 10 0.3 7 (50) 1(33.33) 0(0) 1(33.33) 1 (100) 10
(45.46)
2 10 0.2 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
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KEY: ESBL = Extended-spectrum beta-lactamase, No. /n = Number, % = percentage, MAR = Multiple
Antibiotic Resistance,
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IV.  DISCUSSION

Antibiotic-resistant bacteria emerges as a major threat to public health as they the capable of spreading
among humans animals and the environment alongside their mobile genetic elements (Robinson et al., 2016).
Misuse of antibiotics has been published as a major risk factors for the development and spreading of beta-
lactamase producing organisms (Chishimba et al., 2016; Economou and Gousia, 2015). Therefore, the present
study focus on investigating the resistance patterns of ESBL-producing enterobacteriaceae (ESBL-PEN) isolated
from poultry droppings collected from integrated poultry-fish farms at Ila Orangun, Osun State, Nigeria.

A total of 161 bacterial isolates were isolated from the collected poultry droppings (n=162) in this
present study. The morphological, macroscopic, cultural and staining characteristics of the bacteria isolates were
in agreement with previous researchers report (Adeluwoye-Ajayi et al., 2026; Akinnibosun et al., 2024,
Osuntokun et al., 2020; Okpalaji et al., 2025; Nwabueze & Nwabueze, 2011; Ali, 2025; Bello et al., 2019;
Agwaranze et al., 2025; Kanu et al., 2024; Ajayi, 2012; Fakorede et al., 2020). Also, the biochemical
characteristics of the members of enterobacteriaceae isolated were in agreement with previous researchers report
(Adeluwoye-Ajayi et al., 2026; Agwaranze et al., 2025).

In the current study, 161 Enterobacteriaceae isolates were identified, and the most predominant isolate
was E. coli 35 (21.74), followed by K. pneumoniae 30 (18.63), Salmonella sp. 30 (18.63), Proteus sp. 26
(16.15), K. aerogenes 12 (7.45), Shigella sp. 12 (7.45), Enterobacter sp. 11 (6.83) and Serratia sp. 5 (3.11).
Similarly, it was equally reported from Northwest Ethiopia, Gordar City (Tigabie et al., 2023), Souk at Ahras
region, Algeria (Kamel et al., 2024), Ila Orangun at Osun State, Nigeria (Akinnibosun et al., 2024) and
Southwest, Ethiopia (Bushen et al., 2021). The predominance of E. coli in this and many other studies may be
because E. coli is a widely distributed commensal bacterium that is majorly found as normal floral in the
gastrointestinal tracts of animals and humans (Torres, 2010).

Generally, Gram-negative bacteria (GNB) produce [-lactamases enzymes that render antibiotics
useless. Beta-lactamases confer resistance to f-lactam antibiotics by splitting the four-membered ring of such
antibiotics with the release of an inactive product (Toth ef al., 2016). The results of this study indicating the
presence of ESBL positive (18.01%) enterobacteriaceae in poultry droppings conforms with 25% reported by
Nossair et al., 2022 from Egypt, 29% by Falgenhauer ef al., 2019 from Ghana, and 18.7% by Sardari et al., 2024
from Iran. However, other studies from different countries of the world have reported far higher prevalence of
ESBL+EN in poultry farms, such as Germany (100%) (Geser et al., 2012), Denmark (93%) [Agerse et al.,
2014] and Saudi Arabia (97.5%) (Alpakistany et al., 2024) while Tigabie et al. (2023) reported a lower
prevalence of ESBL+EN (8.4%) from Gondar City, Northwest Ethiopia.

In this study, the prevalence of ESBL-producing E. coli of 54.29% is in line with earlier reports from
North-western Romanania (55%) (Rus et al., 2025), Keffi, Nigeria (46.9%) (Tama ef al., 2019), Dar es Salaam,
Tanzania (65.3%) (Kimera ef al., 2021), Northern Tailand (54.5%) (Tanzawai et al., 2026) and Lebanon (60%)
(Mikhayal et al., 2021). However, other studies from different countries of the world have reported higher
prevalence of ESBL-producing E. coli in poultry farms, such as Malaysia (84.5%) (Lemlem et al., 2024) and
Nasarawa, Nigeria (83.3%) (Tama et al., 2021) while lower prevalence of ESBL-producing E. coli in poultry
farms of 32%, 3%, 12.6% and 26.32% were reported from Maiduguri, Nigeria (Kwoji et al., 2019), Malaysia
(Chai et al., 2022), Gordar City, North-western, Ethiopia (Tigabie et al., 2023) and Yaounde capital city of
Cameroon (Djuikoue ef al., 2022) respectively.

In this study, the result of 16.67% prevalence of ESBL-producing K. preumoniae is comparatively
similar but higher than the earlier reports from Malaysia (14%) (Veloo ef al., 2022), Ethiopia (9.1%) (Tigabie et
al., 2023), Saudi Arabia (5%) (Alpakistany et al., 2024), Algeria (6.4%) (Chenouf et al., 2021). The variation in
prevalence rates of ESBL-producing enterobacteriaceae and the members of the family when compare with
other studies could be due to difference in ESBL screening methods used, poor animal management practices,
hygienic conditions and number of isolates studied.

The results of this present study and other previous studies have demonstrated the widespread
distribution of ESBL in Nigeria and other parts of the world. This is worrisome because these poultry birds can
serve as a source of meat for humans, and ESBL bacterial pathogens are known to be multidrug-resistant and are
responsible for a number of nosocomial and community infections. Summarily, the presence of ESBL+EN in
the poultry droppings of the study area could be due to selective antibiotic pressure caused by the extensive use
of third-generation cephalosporins by the integrated poultry-fish farmers [Canton et al., 2008]. Consequently, to
prevent the development and spreading of ESBL+EN, adopting a One Health approach through antibiotic
resistance surveillance programs are crucial needs in poultry farms.
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Antibiotic resistance presents a significant public health concern, as antibiotic-resistant bacteria can
cause severe illness or even death, and can be challenging to treat (Blaak ef al., 2015; Garcia-Vello et al., 2020).
Some reports have indicated high incidence of antibiotic resistant bacteria in integrated fish farming; a practice
that combines aquaculture with other livestock farming operations and use of their manure for fish feed (Shah et
al., 2012; Neela et al., 2015; Watts et al., 2017). Resistant bacteria are capable of transferring and conferring
resistance to commensal bacteria through horizontal gene transfer using mobile genetic elements (MGE) such as
conjugative plasmids, transposons, and phages (Al-Tawfiq et al., 2017).

Individual members of the family of enterobacteriacea producing ESBL in this present study showed
varying levels of resistance to the tested commercially available antibiotics. The resistance rate of E. coli to
cefotaxime (63.2%) and ceftazidime (68.4%) observed in this study is lower than the values reported by
previous researchers (Djuikoue et al., 2022; Kwoji et al., 2019; Mezalira et al., 2019; Mikhayel et al., 2021;
Nossaie et al., 2022; Le et al., 2015; Tsitsos et al., 2025). However, the observed rate of resistance by this
bacterium to these drugs were higher than the reports from study conducted by earlier researchers (Tigebie et
al.,2023; Tama et al., 2021; Lemlem et al., 2023; Tama et al., 2019; Kamel et al., 2024).

Also, the resistance rate of E. coli to gentamicin (36.8%) and ciprofloxacin (53.6%) observed in this
study is lower than the values reported by previous researchers (Djuikoue et al., 2022; Le et al., 2015).
However, the observed rate of resistance by this bacterium to these antibiotics were higher than the reports from
study conducted by earlier researchers (Tigebie ef al., 2023; Kimera et al., 2024; Tama et al., 2019; Tansawai et
al., 2026). Furthermore, the resistance rate of E. coli to augmentin (84.2%) and aztreonam (89.5%) observed in
this study is higher than the values reported by previous researchers (Djuikoue ef al., 2022; Lemlem et al., 2023;
Tansawai et al., 2026). However, the observed rate of resistance by this bacterium to the augmentin is lower
than the 88.8% reported by Mikhayel et al. (2021). Likewise, the observed rate of resistance by this bacterium to
the aztreonam is lower than the 98.5% reported by Kwoji et al. (2019).

The observed rate of resistance (57.9%) by the isolated E. coli to ofloxacin is lower than the 90.9% and
59.8% reported by Djuikoue et al. (2022) and Lemlem et al. (2023) respectively. The observed no resistance
(0%) shown by this bacterium to imipenem is consistent with the same value reported by earlier researchers
(Rus et al., 2025; Djuikoue et al., 2022; Rizal et al., 2024; Mezalira et al., 2019; Mikhayel et al., 2021,
Tansawai et al., 2026; Hiroi et al., 2012; Tsitsos et al., 2025). This observed resistance exhibited by this
bacterium against imipenem is similar but lower than the 22.2%, 17.5%, 12% and 12.5% reported by Tama et
al. (2021), Lemlem et al. (2023), Tama et al. (2019) and Nossair et al. (2022) respectively.

Regarding the resistance rate exhibited by the isolated K. pneumonia to the tested antibiotics, this
isolate showed no resistance (0%) to cefotaxime and ceftazidime, respectively. This finding is in agreement with
the report of Kamel et al. (2024) who reported same value of resistance to these antibiotics. However, this result
negate the 36.4% to 100% resistance rate exhibited by this organism against these antibiotics reported by earlier
researchers (Tigebie et al., 2023; Nossair et al., 2022; Tsitsos et al., 2025; Mikhayel et al., 2021). The 0%
resistance rate showed by this isolate to imipenem corroborate the same value of resistance exhibited by this
organism to same antibiotic reported by earlier researchers (Nossair et al., 2022; Tsitsos et al., 2025; Mikhayel
et al., 2021). This study revealed that this isolate showed no resistance to gentamicin and ciprofloxacin. This
was far lower than the values reported by Tigebie et al. (2023) and Tsitsos et al. (2025). Also, the 100%
resistance shown by this bacterium to augmentin is in agreement with previous researchers report (Tsitsos et al.,
2025; Mikhayel et al., 2021]) However, this observed value of resistance exhibited by this bacterium to
augmentin is higher than the 28.57% and the 33.33% reported by Nossair et al., (2022) and Kamel et al. (2024),
respectively. Furthermore, the 100% resistance rate exhibited by this bacterium to aztreonam is higher than the
79.3% reported by Mikhayel et al. (2021).

Regarding the resistance rate exhibited by the isolated Salmonella sp. to the tested antibiotics, the
observed 33.3% resistance rate to cefotaxime, ceftazidime and gentamicin was higher than the 0% resistance
rate reported by Andre ef al. (2020). This value of resistance exhibited by this bacterium against cefotaxime was
higher than the 0%, 6.3%, and 21.7% resistance rate reported by Kamel et al. (2024), Karim et al. (2023) and
Tigabie et al. (2023), respectively but lower than the 38.1% resistance rate reported by Garaibeh et al. [2024].
Also, this value of resistance exhibited by this bacterium against ceftazidime was higher than the 14.29%,
21.7% and 7.9% resistance rate reported by Kamel et al. (2024), Tigabie et al. (2023) and Garaibeh et al.
(2024), respectively but lower than the 36.4% resistance rate reported by Bushen ef al. (2021). Furthermore, the
observed 33.3% resistance rate exhibited by this bacterium against cefuroxime is lower than the 50% resistance
rate reported by Andre et al. (2020).

The observed 33.3% resistance rate to gentamicin and ciprofloxacin was higher than the values
reported by earlier researchers (Karim et al., 2023; Tigabie et al., 2023). This value of resistance exhibited by
this bacterium against gentamicin was higher than the 32.6% resistance rate reported by Garaibeh et al. [2024]
but lower than the 36.4% resistance rate reported by Bushen et al. (2021). Also, this value of resistance
exhibited by this bacterium against ciprofloxacin was higher than the 27.3% resistance rate reported by Bushen
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et al. (2021) but lower than the 100% and 91% resistance rate reported by Kamel et al. (2024) and Garaibeh et
al. (2024), respectively.

The observed 66.7% resistance rate to augmentin was higher than the 0% and 54.5% resistance rate
reported by Andre et al. (2020) and Bushen et al. (2021), respectively but lower than the 71.43% resistance rate
reported by Kamel et al. (2024).

Regarding the resistance rate exhibited by the isolated Proteus sp. to the tested antibiotics, the observed
100% resistance rate to ceftazidime and augmentin was higher than the resistance rates reported by earlier
researchers (Kamel et al., 2024; Mezalira et al., 2019; Bushen ef al., 2021; Mikhayel et al., 2021). This value of
resistance exhibited by this bacterium against ceftazidime was higher than the 77.8% resistance rate reported by
Tigabie et al. (2023). Also, the 100% resistance rate exhibited by this bacterium against cefotaxime was
consistent with the same value reported by Mikhayel ef al. (2021) but higher than the 0% and 87.5% resistance
rate reported by Kamel ef al. [2024] and Mezalira et al., (2019), respectively. Furthermore, the 100% resistance
rate exhibited by this bacterium against cefuroxime was higher than the 77.8% resistance rate reported by
Tigabie et al. (2023).

The observed 0% resistance rate to gentamicin and ciprofloxacin was extremely lower than the values
reported by earlier researchers (Tigabie ef al., 2023; Bushen et al., 2021). This value of resistance exhibited by
this bacterium against gentamicin was in agreement with same value reported by Mezalira et al. (2019) but
extremely lower than the 100% resistance rate reported by Mikhayel et al. (2021). Also, this value of resistance
exhibited by this bacterium against ciprofloxacin was extremely lower than the 85.7% and 75% resistance rate
reported by Kamel et al. (2024) and Mezalira et al. (2019), respectively.

The observed 0% resistance rate to imipenem was in agreement with same value reported by previous
researchers (Mezalira ef al., 2019; Mikhayel et al., 2021). The 100% resistance rate exhibited by the bacterium
to azttreonam is higher than the 60% resistance rate reported by Mikhayel et al. (2021).

The observed high resistance rates [augmentin (82.8%), cefotaxime (58.6%) and ceftazidime (62.1%)]
exhibited by the isolated ESBL+EN are in accordance with the 90%, 70% and 87.5% resistance rate to
augmentin, cefotaxime and ceftazidime, respectively reported by Alpakistany et al. (2024). This value of
resistance exhibited by this bacteria family against augmentin was higher than the 61.3% resistance rate reported
by Bushen et al. (2021). Also, this value of resistance exhibited by group of bacteria against cefotaxime was
higher than the 21.7% resistance rate reported by Tigabie et al. (2023). Furthermore, this value of resistance
exhibited by this bacteria family against ceftazidime was higher than the 33.9% and 21.7% resistance rate
reported by Bushen et al. (2021) and Tigabie et al. (2023), respectively. The 69% resistance rate showed by the
ESBL+EN against cefuroxime was higher than the 55% resistance rate reported by Alpakistany et al. (2024).

The observed resistance rates [gentamicin (34.5%) and ciprofloxacin (48.3%)] exhibited by the isolated
ESBL+EN were higher than the values reported by previous researchers (Bushen et al., 2021; Tigabie et al.,
2023; Alpakistany et al., 2024). This study revealed 93.1% and 3.4% resistance rate to aztreonam and
nitrofurantoin respectively. These values were higher than the 52.5% and 0% resistance rate to these respective
antibiotics reported by Alpakistany et al. (2024). Also, observation from this present study revealed 0%
resistance rate to imipenem. This result is similar to but lower than the 9.1% resistance rate against meropenem,
a carbapenem belonging to same class as imipenem reported by Tigabie et al. (2023). However, this 0%
resistance rate showed by the bacteria group against imipenem was far lower than the 47.5% resistance rate
reported by Alpakistany ef al. (2024).

This none resistivity to imipenem observed across all the members of the enterobacteriaceae producing
ESBL justifies the use of this drug as the last B-lactam antibiotic of choice for treatment of infections caused by
Gram-negative Enterobacteriaceae including those provoked by extended-spectrum-f-lactamases (Dahiya ef al.,
2015). The low resistivity of isolates in this present study to some of the antibiotics tested may be due to the fact
that the drugs are very expensive, and are likely not abused. The high resistivity of isolates in this present study
to some of the antibiotics tested may be due to misuse, abuse or use of substandard antibiotics in the study area.
Also, the relatively high level of resistance of bacteria to some of the antibiotics observed in this study connotes
the existence of some antibiotic residues in the poultry droppings. Antibiotics may have been directly or
indirectly introduced through feeds used for poultry birds. The disparity observed in the level of antibiotics
activity in the present study in relation to previous studies could be due the number of isolates studied and the
level of antibiotics usage in the environment.

In addition to Antimicrobial Resistance (AMR) being a global public health problem, Nigeria also
faces a precarious situation of poor antibiotic prescription monitoring and prescription-only medicines (POM),
including antimicrobials that are routinely sold Over-The-Counter (OTC) in pharmacies and by patent
proprietary medicines vendors (PPMVs). Easy access to critical antibiotics of last resort by human being
increases its imprudent use, further worsening the problem of AMR. Currently, there are no available studies
outlining the full burden of AMR and its health and economic impact on Nigerians (Use, 2017). Hence, the
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implication of the finding of this study could be far-reaching and could be used as a baseline study on AMR in
the environment.

According to Magiorakos et al. (2012), multidrug resistance is defined as showing resistance to at least
one agent in three or more antimicrobial categories. The observed prevalence of MDR ESBL+ E. coli 14
(73.68%) in this present study was similar but a little bit lower than the reports from Gorda City, Northwest
Ethiopia (83.9%) (Tigabie et al., 2023), Tanzania (86.8%) (Kiiti et al., 2021), Zambia (85.7%) (Chishimba et
al., 2016), and Cameroon (83.1%) (Moffo et al., 2021) and far lower than the study in Daula City, Cameroon
(94.9%) (Chancelle et al., 2023), in Malaysia (93.8%) (Lemlem et al., 2023), in Albania (95%) (Alcaine et al.,
2016), and in Malaysia (100%) (Ibrahim et al., 2021). However, it was far higher than a study conducted in
Northern Thailand (57.1%) (Tansawai et al., 2026), in Bahir City, North-western Ethiopia (62.2%) (Geta &
Kibret, 2022), in Dar es Salaam, Tanzania (48%) (Mwanza ef al., 2021), in Malaysia (3.3%) (Chai et al., 2022),
in Jimma, Ethiopia (54.2%) (Bushen et al., 2021), Tanzania (69.3%) (Mgaya et al., 2021), and Egypt (57.8%)
(AbdelRahman et al., 2020). The disagreement of results might be due to the use of different types and
concentrations of antibiotics in the poultry industry in the different countries.

The multidrug resistance rate of ESBL+ Salmonella spp. was 3 (100%). This was far higher than a
study conducted in Gorda City, Northwest Ethiopia (73.9%) (Tigabie et al., 2023), in Debre Zeit, Ethiopia
(86.0%) (Asfaw et al., 2020), Albania (82%) (Alcaine et al., 2016), and Malaysia (82%) (Ibrahim et al., 2021),
in Jimma, Ethiopia (44.4%) (Bushen ef al., 2021). This discrepancy could be due to the inappropriate use of
antibiotics on the farms represents a selective pressure for resistant bacteria which can develop cross-resistance
between several classes of antibiotics (Chantziaras, 2017).

The prevalence of MDR ESBL+ K. pneumonia and Proteus sp. in this study was 60% and 100%,
respectively. This is in line with the study conducted in Bangladesh P. mirabilis 83% (Nahar et al., 2014). These
findings were higher than a study conducted in Jimma, Ethiopia, where 57.1% of K. pneumoniae and 50.0% of
P. mirabilis were reported as MDR (Bushen et al., 2021); a study conducted in Gorda City, Northwest Ethiopia
where 81.8% of K. pneumoniae and 77.8% of P. mirabilis were reported as MDR (Tigabie et al., 2023); 53.57%
of K. pneumoniae and 83% of P. mirabilis were also reported as MDR by a study from Indonesia (Permatasari
et al., 2020) and Bangladesh (Nahar et al., 2014), respectively. These bacteria may develop ABR via acquired
mechanisms. The acquired resistance occurs through horizontal gene transfer such as conjugation, transduction,
and transformation from other resistant bacteria. Additionally, mutations in the gene could also cause this MDR
when the bacteria are constantly under pressure after being exposed to antibiotics (Tenover, 2006).

The general prevalence of MDR ESBL+ Enterobacteriaceae was 22 (75.86). This was higher than the
obtained values from Sohuthwest Ethiopia (52.5%) (Bushen et al, 2021), Makkah Province, Saudi Arabia
(22.5%) (Alpakistany et al., 2024), Bahir City, North-western Ethiopia (52.6%) (Geta & Kibret, 2022) and
Bangladesh (39%) (Nahar et al., 2014) but lower than the report from Gorda City, Northwest Ethiopia (81.1%)
(Tigabie et al., 2023), Souk Ahras redion, Algeria (100%) (Kamel ef al., 2024) and China (88.2%) (Yassin et
al.,2017). This difference may be due to the types of commercial chicken, and the number of farms included in
the study (Dachre ef al., 2018).

Infections caused by multidrug resistant organisms may be difficult to manage or can lead to high
mortality since these organisms have multiple resistance mechanisms which enables them to inactivate
antibiotics (Magiorakos et al., 2012). Hence, the observed trend of multidrug resistant strains poses a major
public health concern globally and there is need to come with effective policies and implementation plans to
address these concerns.

Multiple Antibiotic Resistance Index (MARI) is recognized as an efficient and cost effective method
for bacteria source tracking (Osundiya et al., 2013).

A significant observation from this study is that MAR index of 22/29 (75.86%) of the ESBL+EN
ranged from 0.3-0.6, which was above 0.2 implying the origination of the bacteria from an environment where
misuse and abuse of antibiotics is common. This present results support the findings of previous researchers
(Fakorede et al., 2020; Adinortey et al., 2020; Chibuike ef al., 2021) where values of MARI reported for their
isolates were above 0.2.

Observation from this present study regarding MARI exhibited by the isolates indicated these bacteria
originated from potentially dangerous sources where antibiotics are regularly used and were possibly introduced
through faecal contamination of human or animal origin supporting the view of Kathleen et al., (2016)

The handling and subsequent consumption of the chickens carrying ESBL producing multidrug-
resistant bacteria just as revealed in this present study represent a public health threat as these bacteria may
cause various human diseases that might be difficult to treat. Another probable likelihood is that antibiotic-
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resistant genes harboured by the resistant bacteria could be passed on to other bacteria in the gastrointestinal
tract of consumers and this will result in possible life threatening infectious diseases.

Data generated from this study will help/assist in monitoring chickens of integrated poultry-fish farms
and it will serve as a guide for application of antimicrobial stewardship program in all sectors to increase the
level of knowledge of physician and farmers with regards to judicious use of antibiotics.

V. CONCLUSION

This study revealed that the poultry droppings were contaminated with potentially pathogenic bacteria
that could affect chicken health and chicken meat consumers sourced from the study area. These organisms
could lower chicken yield, cause diseases and economic loss, and equally endanger public health, particularly if
the chicken meat gotten from the study area are not properly cooked before consumption. Discharging of
contaminated poultry droppings into ponds water and from the ponds water to the environment could further
enhance the transfer of resistant bacteria to the environment. Findings from this study showed 75.86% of the
ESBL+EN gotten from the poultry droppings of the randomly selected farms were MDR. Overall highest
resistance (93.1%) by the enterobacteriaceae was to AZT and lowest resistance (0%) was to IMP

V. RECOMMENDATION
1. It is important to implement prudent and responsible use of antibiotics in the poultry section of the integrated
poultry-fish farms practices, in line with regulatory guidelines and best management practices, to minimise the
selection and spread of antibiotic resistance.
2. There is need to increase awareness about risks associated with the misuse and overuse of antibiotics by
humans and the potential risk of spread of multi-drug resistant-bacteria in the environment.
3. Extensive research that will cover other regions of the country is required to obtain a clear understanding of
ways to effectively and sustainably tackled antibiotic resistance in the poultry section of the integrated poultry-
fish farms.
4. More elaborate studies especially multicentre studies should be carried out to determine the impact of
integrated fish farming on antimicrobial resistant bacteria in ponds on a national level in order to enable
formulation of guidelines for monitoring and establishing preventive programmes.
5. Regular monitoring of poultry droppings for microbial contamination is necessary to maintain chicken and
public health
6. Implementation of policies to control or reduce the abuse of these antibiotics will go a long way in checking
abuse and misuse
7. Regular and proper surveillance is needed
8. There is a need for serious campaigns and awareness programs as well as sanctions against abuse of
antibiotics in the poultry industry.

REFERENCES

[1]. AbdelRahman, M. A., Roshdy, H., Samir, A. H. and Hamed, E. A. (2020). Antibiotic resistance and extended-spectrum B-lactamase
in Escherichia coli isolates from imported 1-day-old chicks, ducklings, and turkey poults. Veterinary World 13(6): 1037.

[2]. Addae-Nuku, D. S., Kotey, F. C., Dayie, N. T., Osei, M. M., Tette, E. M., Debrah, P. and Donkor, E. S. (2022). Multidrug-resistant
bacteria in hospital wastewater of the Korle Bu Teaching Hospital in Accra, Ghana. Environmental Health Insights 16:
11786302221130613

[3] Adebowale, O., Makanjuola, M., Bankole, N., Olasoju, M., Alamu, A., Kperegbeyi, E., ...and Fasina, F. O. (2022). Multi-drug
resistant Escherichia coli, biosecurity and anti-microbial use in live bird markets, Abeokuta, Nigeria. Antibiotics 11(2): 253.

[4]. Adeluwoye-Ajayi, O. A., Akinnibosun, F. 1., Akinnibosun, H. A., Iyekowa, O. and Akinnibosun, A. O. (2026). Antibiogram of
Esbl-Producing Enterobacteriaceae Isolated From Fish Collected From Integrated Poultry-Fish Farms At Ila Orangun, Osun State,
Nigeria. International Journal of Life Sciences Research 14 (3): 82-94

[5] Adegoke, A. A., Madu, C. E., Aiyegoro, O. A., Stenstrom, T. A. and Okoh, A. I. (2020). Antibiogram and beta-lactamase genes
among cefotaxime resistant E. coli from wastewater treatment plant. Antimicrobial Resistance & Infection Control 9(1): 46.

[6]. Adinortey, C. A., Aheto, D. W., Boateng, A. A. and Agbeko, R. (2020). Multiple antibiotic resistance-coliform bacteria in some
selected fish farms of the central region of Ghana. Scientifica 2020(1): 6641461

[7]. Adzitey, F. (2020). Incidence and antimicrobial susceptibility of Escherichia coli isolated from beef (meat muscle, liver and kidney)
samples in Wa Abattoir, Ghana. Cogent Food and Agriculture 6(1): 1718269

[8]. Adzitey, F., Rusul, G., & Huda, N. (2012). Prevalence and antibiotic resistance of Salmonella serovars in ducks, duck rearing and
processing environments in Penang, Malaysia. Food Research International 45(2): 947-952.

[9]. Afunwa, R. A., Ezeanyinka, J., Afunwa, E. C., Udeh, A. S., Oli, A. N. and Unachukwu, M. (2020). Multiple antibiotic resistant
index of gram-negative bacteria from bird droppings in two commercial poultries in Enugu, Nigeria. Open Journal of Medical
Microbiology 10(4): 171-181.

[10]. Agerso, Y., Jensen, J. D., Hasman, H. and Pedersen, K. (2014). Spread of extended spectrum cephalosporinase-producing
Escherichia coli clones and plasmids from parent animals to broilers and to broiler meat in a production without use of
cephalosporins. Foodborne pathogens and disease 11(9): 740-746.

[11].  Agwaranze, D. 1., Gabriel, U. P. and Ukeachu, N. F. (2025). Microbiological analysis of some fish pond water in Wukari
metropolis. Journal of Research in Agriculture and Food Sciences 1(3): 115-115

DOI: 10.9790/2402-2009012341 www.iosrjournals.org Page | 37



Antibiogram Profile of ESBL-Producing Enterobacteriaceae Isolated from Poultry ..

[12].

[13].

[14].
[15].

[16].

[17].

[18].

[19].

[20].
[211.
[22].
[23].
[24].

[25].

[26].
[27].
[28].
[29].

[30].

[31].

[32].

[33].
[34].

[35].

[36].

[371.

[38].

[39].

[40].

[41].

Ajayi, A. O. (2012). Bacteriological study of catfish, Claria gariepinus, from fish pond sources in Akungba-Akoko community,
Nigeria. British Microbiology Research Journal 2(1): 1-9.

Akinnibosun, F. I., Akinnibosun, H. A., Iyekowa, O. and Adeluwoye-Ajayi, O. A. (2024). Determination of Extended Spectrum
Beta-lactamase-producing Enterobactericeae in Integrated Poultry-fish Farming System in Ila Orangun, Osun State, Nigeria.
Nigerian Journal of Life Science 14 (2): 6-10

Alcaine, S. D., Molla, L., Nugen, S. R., & Kruse, H. (2016). Results of a pilot antibiotic resistance survey of Albanian poultry
farms. Journal of global antimicrobial resistance 4: 60-64.

Ali, J. F. (2025). Isolation, Identification and Antibiogram of Bacteria from Imported Frozen Fish at Public Markets in Mosul City,
Iraq. Egyptian Journal of Veterinary Sciences 56(1): 91-100.

Alpakistany, T., Taha, T. M., Gazi, K. S., Thabet, M. A., Hroobi, A. A. and Melebari, M. (2024). B-lactamases-dependent
antimicrobial resistance in enterobacteria isolated from commercial poultry farms in the Makkah province, Saudi Arabia. Journal of
Applied Biology and Biotechnology 12: 231-8.

Al-Tawfiq, J. A., Laxminarayan, R. and Mendelson, M. (2017). How should we respond to the emergence of plasmid-mediated
colistin resistance in humans and animals? International Journal of Infectious Diseases 54: 77-84

André, P. B., Essodina, T. A. L. A. K. 1., Malibida, D. O. L. O. U., Adeline, D. I. O. U. F. and Rianatou, B. A. D. A. (2020).
Antibiotic resistance of enterobacteria (Escherichia coli, Klebsiella spp. and Salmonella spp) isolated from healthy poultry and pig
farms in peri-urban area of Lome, Togo. African Journal of Microbiology Research 14(12): 657-666.

Appiah, V. A., Pesewu, G. A., Kotey, F. C., Boakye, A. N., Duodu, S., Tette, E. M.... and Donkor, E. S. (2020). Staphylococcus
aureus nasal colonization among children with sickle cell disease at the Children’s Hospital, Accra: Prevalence, risk factors, and
antibiotic resistance. Pathogens 9(5): 329

Asfaw Ali, D., Tadesse, B. and Ebabu, A. (2020). Prevalence and antibiotic resistance pattern of Salmonella isolated from caecal
contents of exotic chicken in Debre Zeit and Modjo, Ethiopia. International Journal of Microbiology 2020(1): 1910630.

Baah, D. A., Kotey, F. C., Dayie, N. T., Codjoe, F. S., Tetteh-Quarcoo, P. B. and Donkor, E. S. (2022). Multidrug-resistant Gram-
negative bacteria contaminating raw meat sold in Accra, Ghana. Pathogens 11(12): 1517

Becerra, S. C., Roy, D. C., Sanchez, C. J., Christy, R. J. and Burmeister, D. M. (2016). An optimized staining technique for the
detection of Gram positive and Gram negative bacteria within tissue. BMC research notes 9(1): 216

Bello, O. O., Oni, M. O., Bello, J. O. and Bello, T. K. (2019). The incidence of extended-spectrum beta-lactamase (ESBL)-
producing bacteria in salad vegetables in Ondo City, Nigeria.

Bevan, E. R., Jones, A. M. and Hawkey, P. M. (2021). Global epidemiology of CTX-M B-lactamases: Temporal and geographical
shifts in genotype. Journal of Antimicrobial Chemotherapy 76(7): 1596-1604

Blaak, H., van Hoek, A. H., Hamidjaja, R. A., van der Plaats, R. Q., Kerkhof-de Heer, L., de Roda Husman, A. M. and Schets, F.
M. (2015). Distribution, numbers, and diversity of ESBL-producing E. coli in the poultry farm environment. Public Library of
Science One 10(8): €0135402

Bush, K. and Bradford, P. A. (2020). Epidemiology of B-lactamase-producing pathogens. Clinical Microbiology Reviews 33(2):
e00047-19.

Bushen, A., Tekalign, E. and Abayneh, M. (2021). Drug-and multidrug-resistance pattern of Enterobacteriaceae isolated from
droppings of healthy chickens on a poultry farm in Southwest Ethiopia. Infection and drug resistance 2051-2058.

Canton, R., Novais, A., Valverde, A., Machado, E., Peixe, L., Baquero, F. and Coque, T. M. (2008). Prevalence and spread of
extended-spectrum f3-lactamase-producing Enterobacteriaceae in Europe. Clinical Microbiology and infection 14: 144-153.
Castanheira, M., Simner, P. J. and Bradford, P. A. (2021). Extended-spectrum f-lactamases: an update on their characteristics,
epidemiology and detection. J4C-antimicrobial resistance, 3(3): dlab092

Chai, M. H., Sukiman, M. Z., Jasmy, N., Zulkifly, N. A., Mohd Yusof, N. A. S., Mohamad, N. M., ...and Ghazali, M. F. (2022).
Molecular Detection and Antibiogram of ESBL-Producing and Carbapenem-Resistant Escherichia coli from Rabbit, Swine, and
Poultry in Malaysia. Tropical Animal Science Journal 45(1).

Chancelle, D., Akami, M., Xavier, E. F. and Francioli, K. K. (2023). Antimicrobial resistance pattern of Escherichia coli strains
isolated from meat and fish products collected in retail market in Douala, Cameroon. American Journal of Microbiological
Research 11(4): 97-105.

Chantziaras, 1., Smet, A., Haesebrouck, F., Boyen, F. and Dewulf, J. (2017). Studying the effect of administration route and
treatment dose on the selection of enrofloxacin resistance in commensal Escherichia coli in broilers. Journal of Antimicrobial
Chemotherapy 72(7): 1991-2001.

Cheesbrough (2016).District Laboratory Practice in Tropical Countries Part 2 Second Edition. Cambridge university press

Chenouf, N. S., Carvalho, 1., Messai, C. R., Ruiz-Ripa, L., Mama, O. M., Titouche, Y., ... and Torres, C. (2021). Extended Spectrum
B-Lactamase-Producing Escherichia coli and Klebsiella pneumoniae from Broiler Liver in the Center of Algeria, with Detection of
CTX-M-55 and B2/ST131-CTX-M-15 in Escherichia coli. Microbial Drug Resistance 27(2): 268-276.

Chibuike, K. U., Iroha, 1. R., Moses, 1. B., Chukwunwejim, C. R., Peter, 1. U., Edemekong, C. L.... and Okonkwo-Uzor, N. J. (2021).
Phenotypic screening of multidrug-resistant E. coli from water and fish collected from different fish farms within Abakaliki
metropolis, Nigeria. Scientific Research and Essays 16(2): 15-19

Chishimba, K., Hang’Ombe, B. M., Muzandu, K., Mshana, S. E., Matee, M. 1., Nakajima, C. and Suzuki, Y. (2016). Detection of
extended-spectrum beta-lactamase-producing Escherichia coli in market-ready chickens in Zambia. International journal of
microbiology 2016(1): 5275724

Clinical and Laboratory Standard Institute (CLSI) (2024). Performance Standards for Antimicrobial Susceptibility Testing. Twenty-
eighth Information Supplement CLSI document M100-S26. Wayne P.A 38 (3): 1-296

Dachre, K., Projahn, M., Semmler, T., Roesler, U. and Friese, A. (2018). Extended-spectrum beta-lactamase-/AmpC beta-
lactamase-producing Enterobacteriaceae in broiler farms: transmission dynamics at farm level. Microbial Drug Resistance 24(4):
511-518.

Dabhiya, S., Singla, P., Chaudhary, U. and Singh, B. (2015). Carbapenemases: a review. International Journal of Advanced Health
Science 2(4): 11-17

Dayie, N. T., Osei, M. M., Opintan, J. A., Tetteh-Quarcoo, P. B., Kotey, F. C., Ahenkorah, J.... and Donkor, E. S. (2021).
Nasopharyngeal carriage and antimicrobial susceptibility profile of Staphylococcus aureus among children less than five years in
Accra. Pathogens 10(2): 136

Dehbashi, S., Tahmasebi, H., Alikhani, M. Y., Keramat, F. and Arabestani, M. R. (2020). Distribution of Class B and Class A -
lactamases in clinical strains of Pseudomonas aeruginosa: comparison of phenotypic methods and high-resolution melting analysis
(HRMA) assay. Infection and Drug Resistance 2037-2052.

DOI: 10.9790/2402-2009012341 www.iosrjournals.org Page | 38


https://www.google.com/search?q=Public+Library+of+Science&sca_esv=d378d7b468f52dd5&biw=1280&bih=644&sxsrf=ANbL-n6BIwFcHkB2b0Npbv9s8UZO0SF-Sw%3A1777127721849&ei=KdHsaf3AM8KthbIP1u3L0AM&ved=2ahUKEwixmJj2nImUAxVVU0EAHdX_Aa8QgK4QegQIARAC&uact=5&oq=Full+meaning+of+PloS+one+&gs_lp=Egxnd3Mtd2l6LXNlcnAiGUZ1bGwgbWVhbmluZyBvZiBQbG9TIG9uZSAyBhAAGBYYHjIGEAAYFhgeMgYQABgWGB4yBhAAGBYYHjIGEAAYFhgeMgsQABiABBiKBRiGAzILEAAYgAQYigUYhgMyCBAAGIkFGKIEMggQABiJBRiiBEiWC1CQBViQBXABeAGQAQCYAaQCoAGkAqoBAzItMbgBA8gBAPgBAvgBAZgCAqACqAPCAgoQABhHGNYEGLADmAMAiAYBkAYIkgcFMS4zLTGgB6cFsgcDMy0xuAfsAsIHAzUtMsgHaoAIAQ&sclient=gws-wiz-serp&mstk=AUtExfDKM7pnluwmEt4reVxgbCEwQ8itOpnDXsYuc1jrcA0nbxarmNfGrqTGPA2NyfwYzYYS7-wQ6aj2SrLpRkW3jZwLrb5I1TNKQO3hZPXGVN22-AX5v1c8mBj3Dll0hSSIUoWmy2KxtyBnJd1qSIcv4k-m9i9T91lWr5gN8s75Vt-K2pbqaNTg4ncQ5WqcIpbn6HUKJtSh_ElmUsAvoykVNDhXbE3cClSCekyav_8RKelBYD-FwCCqim1RnZvGYQFmLYQPB4yk2ImX01ILgHM0vrVF&csui=3
https://www.google.com/search?q=Public+Library+of+Science&sca_esv=d378d7b468f52dd5&biw=1280&bih=644&sxsrf=ANbL-n6BIwFcHkB2b0Npbv9s8UZO0SF-Sw%3A1777127721849&ei=KdHsaf3AM8KthbIP1u3L0AM&ved=2ahUKEwixmJj2nImUAxVVU0EAHdX_Aa8QgK4QegQIARAC&uact=5&oq=Full+meaning+of+PloS+one+&gs_lp=Egxnd3Mtd2l6LXNlcnAiGUZ1bGwgbWVhbmluZyBvZiBQbG9TIG9uZSAyBhAAGBYYHjIGEAAYFhgeMgYQABgWGB4yBhAAGBYYHjIGEAAYFhgeMgsQABiABBiKBRiGAzILEAAYgAQYigUYhgMyCBAAGIkFGKIEMggQABiJBRiiBEiWC1CQBViQBXABeAGQAQCYAaQCoAGkAqoBAzItMbgBA8gBAPgBAvgBAZgCAqACqAPCAgoQABhHGNYEGLADmAMAiAYBkAYIkgcFMS4zLTGgB6cFsgcDMy0xuAfsAsIHAzUtMsgHaoAIAQ&sclient=gws-wiz-serp&mstk=AUtExfDKM7pnluwmEt4reVxgbCEwQ8itOpnDXsYuc1jrcA0nbxarmNfGrqTGPA2NyfwYzYYS7-wQ6aj2SrLpRkW3jZwLrb5I1TNKQO3hZPXGVN22-AX5v1c8mBj3Dll0hSSIUoWmy2KxtyBnJd1qSIcv4k-m9i9T91lWr5gN8s75Vt-K2pbqaNTg4ncQ5WqcIpbn6HUKJtSh_ElmUsAvoykVNDhXbE3cClSCekyav_8RKelBYD-FwCCqim1RnZvGYQFmLYQPB4yk2ImX01ILgHM0vrVF&csui=3

Antibiogram Profile of ESBL-Producing Enterobacteriaceae Isolated from Poultry ..

[42].

[43].

[44].

[45].
[46].
[47].
[48].

[49].
[50].

[51].
[52].
[53].
[54].
[551].
[56].

[57].

[58].
[59].
[60].

[61].

[62].

[63].

[64].

[65].

[66].

[67].

[68].

[69].

[70].

[71].

[72].

Djuikoue, C. 1., Tomi, C. N., Nana, C. S., Fotsac, M., Frédéric, M., Djonkouh, W. Y., ... and Tchokonte-Nana, V. (2022).
Prevalence of Extended Spectrum Beta-Lactamase-Producing Escherichia coli in Broiler Chickens in Yaoundé Capital City of
Cameroon.

Donkor, E. S., Kotey, F. C., Dayie, N. T., Duodu, S., Tetteh-Quarcoo, P. B., Osei, M. M. and Tette, E. M. (2019). Colonization of
HIV-infected children with methicillin-resistant Staphylococcus aureus. Pathogens 8(1): 35

Donkor, E. S., Muhsen, K., Johnson, S. A., Kotey, F. C., Dayie, N. T., Tetteh-Quarcoo, P. B.... and Cohen, D. (2023). Multicenter
surveillance of antimicrobial resistance among Gram-negative bacteria isolated from bloodstream infections in
Ghana. Antibiotics 12(2): 255

Economou, V. and Gousia, P. (2015). Agriculture and food animals as a source of antimicrobial-resistant bacteria. Infection and
drug resistance 49-61

Elshebrawy, H. A., Abdel-Naeem, H. H., Mahros, M. A., Elsayed, H., Imre, K., Herman, V., ... and Sallam, K. L. (2022). Multidrug-
resistant Salmonella enterica serovars isolated from frozen chicken carcasses. LWT 164: 113647.

Fakorede, C. N., Fatokun, E. N., Philip-Kantiok, B., Iwu, C. J. and Jaja, I. F. (2020). Bacteriological quality and antibiotics'
susceptibility profile of small-medium scale commercial fish farms in Nigeria. The Open Agriculture Journal 14(1)

Falgenhauer, L., Imirzalioglu, C., Oppong, K., Akenten, C. W., Hogan, B., Krumkamp, R., ... and Eibach, D. (2019). Detection and
characterization of ESBL-producing Escherichia coli from humans and poultry in Ghana. Frontiers in microbiology 9: 3358.
Fernandez, G. (2022). Turning the juggernaut. Lancet Planetary Health 6(2): E75-E75.

Garcia-Vello, P., Gonzalez-Zorn, B. and Saba, C. K. S. (2020). Antibiotic resistance patterns in human, animal, food and
environmental isolates in Ghana: a review. Pan African Medical Journal 35: 37

Geser, N., Stephan, R. and Héchler, H. (2012). Occurrence and characteristics of extended-spectrum B-lactamase (ESBL) producing
Enterobacteriaceae in food producing animals, minced meat and raw milk. BMC veterinary research 8(1): 21.

Geta, K. and Kibret, M. (2022). Antibiotic resistance profiles of Bacteria isolated from hotspot environments in Bahir Dar City,
northwestern Ethiopia. Journal of Multidisciplinary Healthcare 1403-1414.

Gharaibeh, M. H., Lafi, S. Q., Allah, A. M. H. and Al Qudsi, F. R. (2024). Occurrence, virulence, and resistance genes in
Salmonella enterica isolated from an integrated poultry company in Jordan. Poultry science 103(6): 103733.

Gothwal, R. and Shashidhar, T. (2020). Antibiotic pollution in the environment: A review. Clean Technologies and Environmental
Policy 22: 1175-1191.

Grandin, T. (Ed.). (2026). Improving animal welfare: A practical approach. Cabi.

Hiroi, M., Yamazaki, F., Harada, T., Takahashi, N., lida, N., Noda, Y., ... and Ohashi, N. (2012). Prevalence of extended-spectrum
B-lactamase-producing Escherichia coli and Klebsiella pneumoniae in food-producing animals. Journal of Veterinary Medical
Science 74(2): 189-195.

Ibrahim, S., Wei Hoong, L., Lai Siong, Y., Mustapha, Z., CW Zalati, C. S., Aklilu, E., ... and Kamaruzzaman, N. F. (2021).
Prevalence of antimicrobial resistance (AMR) Salmonella spp. and Escherichia coli isolated from broilers in the East Coast of
Peninsular Malaysia. Antibiotics 10(5): 579.

Iredell, J., Brown, J. and Tagg, K. (2016). Antibiotic resistance in Enterobacteriaceae: mechanisms and clinical implications. British
Medical Journal 352

Jayabarath, J. (2015). Isolation and Characterization of Antibiotic Resistant Bacteria from Lutjanus campechanus. World Journal of
Pharmaceutical Research 5: 4-8.

Kamel, K., Merghad, A., Barour, D., Gherissi, D. E. and Khenenou, T. (2024). High antimicrobial resistance rates and multidrug
resistance in Enterobacteriaceae isolates from poultry in Souk Ahras region, Algeria. Veterinary World 17(12): 2709

Kanu, N. V., Orji, S. L., Okafor, H. A., Adama, R. I., Mustapha, F. A., Oluwafemi, M. P.... and Ekwe, E. O. (2024). Molecular
Detection of Beta Lactamase Genes from Salmonella Typhimurium Isolated from Poultry Droppings in Nyanya,
Abuja. International Journal of Research and Innovation in Applied Science 9(8): 211-222

Karim, M. R., Zakaria, Z., Hassan, L., Mohd Faiz, N. and Ahmad, N. I. (2023). Antimicrobial resistance profiles and co-existence
of multiple antimicrobial resistance genes in mcr-Harbouring Colistin-resistant Enterobacteriaceae isolates recovered from poultry
and poultry meats in Malaysia. Antibiotics 12(6): 1060.

Kathleen, M. M., Samuel, L., Felecia, C., Reagan, E. L., Kasing, A., Lesley, M. and Toh, S. C. (2016). Antibiotic resistance of
diverse bacteria from aquaculture in Bomeo. International journal of microbiology 2016(1): 2164761

Kiiti, R. W., Komba, E. V., Msoffe, P. L., Mshana, S. E., Rweyemamu, M. and Matee, M. I. (2021). Antimicrobial resistance
profiles of Escherichia coli isolated from broiler and layer chickens in Arusha and Mwanza, Tanzania. International Journal of
Microbiology 2021(1): 6759046.

Kimera, Z. 1., Mgaya, F. X., Misinzo, G., Mshana, S. E., Moremi, N. and Matee, M. 1. (2021). Multidrug-resistant, including
extended-spectrum beta lactamase-producing and quinolone-resistant, Escherichia coli isolated from poultry and domestic pigs in
dar es salaam, Tanzania. Antibiotics 10(4): 406.

Kotey, F. C., Awugah, S. A., Dayie, N. T., Tetteh-Quarcoo, P. B., Duodu, S., Osei, M. M.... and Donkor, E. S. (2022). High
prevalence of methicillin-resistant Staphylococcus aureus carriage among infants at the Children’s Hospital, Accra, Ghana. The
Journal of Infection in Developing Countries 16(09): 1450-1457

Kwoji, I. D., Musa, J. A., Daniel, N., Mohzo, D. L., Bitrus, A. A., Ojo, A. A. and Ezema, K. U. (2019). Extended-spectrum beta-
lactamase-producing Escherichia coli in chickens from small-scale (backyard) poultry farms in Maiduguri, Nigeria. International
Journal of One Health 5: 26-30.

Laudy, A. E., Rog, P., Smolinska-Krol, K., Cmiel, M., Stoczynska, A., Patzer, J...... and Tyski, S. (2017). Prevalence of ESBL-
producing Pseudomonas aeruginosa isolates in Warsaw, Poland, detected by various phenotypic and genotypic methods. Public
Library of Science One 12(6): ¢0180121

Le, H. V., Kawahara, R., Khong, D. T., Tran, H. T., Nguyen, T. N., Pham, K. N., ... and Yamamoto, Y. (2015). Widespread
dissemination of extended-spectrum f-lactamase-producing, multidrug-resistant Escherichia coli in livestock and fishery products in
Vietnam. International Journal of Food Contamination 2(1): 17.

Lemlem, M., Aklilu, E., Mohammed, M., Kamaruzzaman, F., Zakaria, Z., Harun, A. and Devan, S. S. (2023). Molecular detection
and antimicrobial resistance profiles of Extended-Spectrum Beta-Lactamase (ESBL) producing Escherichia coli in broiler chicken
farms in Malaysia. PloS one, 18(5): €0285743.

Magiorakos, A. P., Srinivasan, A., Carey, R. B., Carmeli, Y., Falagas, M. E., Giske, C. G.... and Monnet, D. L. (2012). Multidrug-
resistant, extensively drug-resistant and pandrug-resistant bacteria: an international expert proposal for interim standard definitions
for acquired resistance. Clinical microbiology and infection 18(3): 268-281

McEwen, S. A. and Collignon, P. J. (2018). Antimicrobial resistance: a one health perspective. Antimicrobial resistance in bacteria
from livestock and companion animals 521-547

DOI:

10.9790/2402-2009012341 www.iosrjournals.org Page | 39


https://www.google.com/search?q=Public+Library+of+Science&sca_esv=d378d7b468f52dd5&biw=1280&bih=644&sxsrf=ANbL-n6BIwFcHkB2b0Npbv9s8UZO0SF-Sw%3A1777127721849&ei=KdHsaf3AM8KthbIP1u3L0AM&ved=2ahUKEwixmJj2nImUAxVVU0EAHdX_Aa8QgK4QegQIARAC&uact=5&oq=Full+meaning+of+PloS+one+&gs_lp=Egxnd3Mtd2l6LXNlcnAiGUZ1bGwgbWVhbmluZyBvZiBQbG9TIG9uZSAyBhAAGBYYHjIGEAAYFhgeMgYQABgWGB4yBhAAGBYYHjIGEAAYFhgeMgsQABiABBiKBRiGAzILEAAYgAQYigUYhgMyCBAAGIkFGKIEMggQABiJBRiiBEiWC1CQBViQBXABeAGQAQCYAaQCoAGkAqoBAzItMbgBA8gBAPgBAvgBAZgCAqACqAPCAgoQABhHGNYEGLADmAMAiAYBkAYIkgcFMS4zLTGgB6cFsgcDMy0xuAfsAsIHAzUtMsgHaoAIAQ&sclient=gws-wiz-serp&mstk=AUtExfDKM7pnluwmEt4reVxgbCEwQ8itOpnDXsYuc1jrcA0nbxarmNfGrqTGPA2NyfwYzYYS7-wQ6aj2SrLpRkW3jZwLrb5I1TNKQO3hZPXGVN22-AX5v1c8mBj3Dll0hSSIUoWmy2KxtyBnJd1qSIcv4k-m9i9T91lWr5gN8s75Vt-K2pbqaNTg4ncQ5WqcIpbn6HUKJtSh_ElmUsAvoykVNDhXbE3cClSCekyav_8RKelBYD-FwCCqim1RnZvGYQFmLYQPB4yk2ImX01ILgHM0vrVF&csui=3
https://www.google.com/search?q=Public+Library+of+Science&sca_esv=d378d7b468f52dd5&biw=1280&bih=644&sxsrf=ANbL-n6BIwFcHkB2b0Npbv9s8UZO0SF-Sw%3A1777127721849&ei=KdHsaf3AM8KthbIP1u3L0AM&ved=2ahUKEwixmJj2nImUAxVVU0EAHdX_Aa8QgK4QegQIARAC&uact=5&oq=Full+meaning+of+PloS+one+&gs_lp=Egxnd3Mtd2l6LXNlcnAiGUZ1bGwgbWVhbmluZyBvZiBQbG9TIG9uZSAyBhAAGBYYHjIGEAAYFhgeMgYQABgWGB4yBhAAGBYYHjIGEAAYFhgeMgsQABiABBiKBRiGAzILEAAYgAQYigUYhgMyCBAAGIkFGKIEMggQABiJBRiiBEiWC1CQBViQBXABeAGQAQCYAaQCoAGkAqoBAzItMbgBA8gBAPgBAvgBAZgCAqACqAPCAgoQABhHGNYEGLADmAMAiAYBkAYIkgcFMS4zLTGgB6cFsgcDMy0xuAfsAsIHAzUtMsgHaoAIAQ&sclient=gws-wiz-serp&mstk=AUtExfDKM7pnluwmEt4reVxgbCEwQ8itOpnDXsYuc1jrcA0nbxarmNfGrqTGPA2NyfwYzYYS7-wQ6aj2SrLpRkW3jZwLrb5I1TNKQO3hZPXGVN22-AX5v1c8mBj3Dll0hSSIUoWmy2KxtyBnJd1qSIcv4k-m9i9T91lWr5gN8s75Vt-K2pbqaNTg4ncQ5WqcIpbn6HUKJtSh_ElmUsAvoykVNDhXbE3cClSCekyav_8RKelBYD-FwCCqim1RnZvGYQFmLYQPB4yk2ImX01ILgHM0vrVF&csui=3

Antibiogram Profile of ESBL-Producing Enterobacteriaceae Isolated from Poultry ..

[73].
[74].

[75].

[76].

[77].

[78].

[79].

[80].

[81].

[82].

/83].

[84].

[85].

[86].

[87].

[88].

[89].

[90].

[91].

[92].

[93].

[94].

[95].

[96].
[97].

[98].

[99].

[100].

Mezalira, T. S., Gongalves, D. D., Herrera, E., da Silva, F. M., dos Santos, I. C., Gerénimo, E., ... and Otutumi, L. K. (2019).
Extended-spectrum B-lactamase (ESBL)-producing enterobacteria isolated from broiler breeder chickens. Biotemas 32(4): 1-10.
Mgaya, F. X., Matee, M. 1., Muhairwa, A. P. and Hoza, A. S. (2021). Occurrence of multidrug resistant Escherichia coli in raw meat
and cloaca swabs in poultry processed in slaughter slabs in Dar es Salaam, Tanzania. Antibiotics 10(4): 343.

Mikhayel, M., Leclercq, S. O., Sarkis, D. K. and Doublet, B. (2021). Occurrence of the colistin resistance gene mcr-1 and additional
antibiotic resistance genes in ESBL/AmpC-producing Escherichia coli from poultry in Lebanon: a nationwide survey. Microbiology
spectrum 9(2): e00025-21.

Moffo, F., Mouiche, M. M. M., Djomgang, H. K., Tombe, P., Wade, A., Kochivi, F. L., ...and Awah-Ndukum, J. (2021). Poultry
litter contamination by Escherichia coli resistant to critically important antimicrobials for human and animal use and risk for public
health in Cameroon. Antibiotics 10(4): 402.

Mwanza, F., Komba, E. V. G. and Kambarage, D. M. (2021). Occurrence and determination of antimicrobial resistant Escherichia
coli isolates in fish and vegetables as indicator organism of faecal contamination in Dar es Salaam, Tanzania. International Journal
of Microbiology 2021(1): 6633488.

Nahar, A., Siddiquee, M., Nahar, S., Anwar, K. S. and Islam, S. (2014). Multidrug resistant-Proteus mirabilis isolated from chicken
droppings in commercial poultry farms: bio-security concern and emerging public health threat in Bangladesh. Journal of Biosafety
and Health Education 2(2): 1-5.

Neela, F. A., Banu, M. N. A, Rahman, M. A., Rahman, M. H. and Alam, M. F. (2015). Occurrence of antibiotic resistant bacteria in
pond water associated with integrated poultry-fish farming in Bangladesh. Sains Malaysiana 44(3): 371-377

Nossair, M. A., Abd El Baqy, F. A., Rizk, M. S., Elaadli, H., Mansour, A. M., El-Aziz, A. H. A., ... and Shaaban, S. 1. (2022).
Prevalence and molecular characterization of extended-spectrum f-lactamases and AmpC B-lactamase-producing
Enterobacteriaceae among human, cattle, and poultry. Pathogens 11(8): 852.

Nwabueze, A. A. and Nwabueze, E. O. (2011). Microbial flora of fish feeds sold in Asaba, Southern Nigeria. American Journal of
Experimental Agriculture 1(2): 27

Okpalaji, N. C., Okonkwo, A. P., Okonkwo, J. C., Ezenyilimba, B. N., Ejivade, O. M., Okafor, E. C. ... and Nwankwo, C. A.
(2025). Pathogen profile of poultry industries in Oyi local government area of Anambra State, Nigeria. Agrobiological Records 19:
24-34.

O'neill, J. I. M. (2014). Antimicrobial resistance: tackling a crisis for the health and wealth of nations. Review on Antimicrobial
Resistance

Osundiya, O. O., Oladele, R. O. and Oduyebo, O. O. (2013). Multiple antibiotic resistance (MAR) indices of Pseudomonas and
Klebsiella species isolates in Lagos University Teaching Hospital. African Journal of Clinical and Experimental
Microbiology 14(3): 164-168

Osuntokun, O. T., Muniru, A. A. and Morenike, K. T. (2020). Bacteriological assessment of African catfish (Clarias gariepinus)
isolated from earthen and concrete fish pond. Asian Journal of Biochemistry, Genetics and Molecular Biology 6: 17-34
Papadopoulos, D., Papadopoulos, T., Papageorgiou, K., Sergelidis, D., Adamopoulou, M., Kritas, S. K. and Petridou, E. (2021).
Antimicrobial resistance rates in commensal Escherichia coli isolates from healthy pigs in Greek swine farms. Journal of the
Hellenic Veterinary Medical Society 72(2): 2909-2916.

Permatasari, D. A., Witaningrum, A. M., Wibisono, F. J. and Effendi, M. H. (2020). Detection and prevalence of multidrug-resistant
Klebsiella pneumoniae strains isolated from poultry farms in Blitar, Indonesia. Biodiversitas 21(10): 4642-4647.

Rizal, S., Nurhapsari, L., Fauziah, 1., Masrukhin, M. and Jatmiko, Y. D. (2024). Prevalence of multidrug-resistant and extended-
spectrum f-lactamase producing Escherichia coli from local and broiler chickens at Cibinong market, West Java,
Indonesia. Veterinary World 17(1): 179.

Robinson, T. P., Bu, D. P., Carrique-Mas, J., Févre, E. M., Gilbert, M., Grace, D.... and Woolhouse, M. E. (2016). Antibiotic
resistance is the quintessential One Health issue. Transactions of the Royal Society of Tropical Medicine and Hygiene 110(7): 377—
380.

Robinson, T. P., Bu, D. P., Carrique-Mas, J., Févre, E. M., Gilbert, M., Grace, D., ... and Woolhouse, M. E. (2016). Antibiotic
resistance is the quintessential One Health issue. Transactions of the Royal Society of Tropical Medicine and Hygiene 110(7): 377-
380.

Rus, A., Bucur, I. M., Imre, K., Tirziu, A. T., Ivan, A. A., Gros, R. V., ... and Tirziu, E. (2025). Phenotypic and Genotypic
Characterization of ESBL and Amp C f-Lactamase-Producing E. coli Isolates from Poultry in Northwestern
Romania. Antibiotics 14(6): 578.

Sardari, M., Manouchehrifar, M., Hasani, K., Habibzadeh, N., Doghaheh, H. P., Azimi, T.and Arzanlou, M. (2024). Molecular
characterization and prevalence of B-lactamase-producing Enterobacterales in livestock and poultry slaughterhouses wastewater in
Iran. Journal of Water and Health 22(3): 572-583.

Shah, S. Q., Colquhoun, D. J., Nikuli, H. L. and Serum, H. (2012). Prevalence of antibiotic resistance genes in the bacterial flora of
integrated fish farming environments of Pakistan and Tanzania. Environmental science and technology 46(16): 8672-8679.

Smith, R. M., Lautenbach, E., Omulo, S., Araos, R., Call, D. R., Kumar, G. C...... and Park, B. J. (2021, November). Human
colonization with multidrug-resistant organisms: getting to the bottom of antibiotic resistance. In Open Forum Infectious
Diseases 8(11):531

Sweeney, M. T., Lubbers, B. V., Schwarz, S. and Watts, J. L. (2018). Applying definitions for multidrug resistance, extensive drug
resistance and pandrug resistance to clinically significant livestock and companion animal bacterial pathogens. Journal of
Antimicrobial Chemotherapy 73(6): 1460-1463.

Tacdo, M., Moura, A., Correia, A. and Henriques, 1. (2014). Co-resistance to different classes of antibiotics among ESBL-producers
from aquatic systems. Water research 48: 100-107

Tama, S. C., Ngwai, Y. B., Nkene, I. H. and Abimiku, R. H. (2019). Molecular detection of extended spectrum beta-lactamase
resistance in Escherichia coli from poultry droppings in Keffi, Nigeria. Asian Journal of Medicine and Health 1-9.

Tama, S. C., Ngwai, Y. B., Pennap, G. R. 1., Nkene, I. H., Abimiku, R. H. and Jodi, S. M. (2021). Antimicrobial Resistance Profile
and Extended Spectrum Beta-Lactamase Resistance Genes in Escherichia coli from Poultry Droppings in Nasarawa, Nigeria. Asian
Journal of Biochemistry, Genetics and Molecular Biology 8(2): 47-56.

Tansawai, U. and Niumsup, P. R. (2026). Fecal carriage, transferable -lactam resistance, and efflux pump contribution in third-
generation cephalosporin-resistant Escherichia coli from small-scale farm animals and workers in northern Thailand. Veterinary
World 19(1): 366.

Tenover, F. C. (2006). Mechanisms of antimicrobial resistance in bacteria. The American journal of medicine 119(6): S3-S10.

DOI: 10.9790/2402-2009012341 www.iosrjournals.org Page | 40



Antibiogram Profile of ESBL-Producing Enterobacteriaceae Isolated from Poultry ..

[101].

[102].
[103].
[104].

[105].

[106].
[107].

[108].

[109].
[110].

[111].

Tigabie, M., Biset, S., Belachew, T., Amare, A. and Moges, F. (2023). Multidrug-resistant and extended-spectrum beta-lactamase-
producing Enterobacteriaceae isolated from chicken droppings in poultry farms at Gondar City, Northwest Ethiopia. PLoS
One 18(6): €0287043.

Titilawo, Y., Sibanda, T., Obi, L. and Okoh, A. (2015). Multiple antibiotic resistance indexing of Escherichia coli to identify high-
risk sources of faccal contamination of water. Environmental Science and Pollution Research 22(14): 10969-10980.

Torres, A. G. (Ed.). (2010). Pathogenic Escherichia coli in Latin America. Bentham Science Publishers.

Toth, M., Stewart, N. K., Maggiolo, A. O., Quan, P., Khan, M. M. K., Buynak, J. D...... and Vakulenko, S. B. (2024).
Decarboxylation of the catalytic lysine residue by the C5a-methyl-substituted carbapenem NA-1-157 leads to potent inhibition of
the OXA-58 carbapenemase. American Chemical Society infectious diseases 10(12): 4347-4359

Tsitsos, A., Damianos, A., Kiskinis, K., Tsiouris, V., Tirodimos, 1., Soultos, N., ... and Economou, V. (2025). Prevalence,
Characterization, and Proteomic Relatedness Among B-Lactam-Resistant Bacteria Throughout the Poultry Production Chain in
Greece. Foods 14(2): 224.

Use, A. (2017). Resistance in Nigeria: situation Analysis and Recommendations. Federal Ministry of Agriculture and Rural
Development, Federal Ministry of Environment and Federal Ministry of Health, Abuja, Nigeria.[(accessed on 31 October 2019)].
Van Boeckel, T. P., Pires, J., Silvester, R., Zhao, C., Song, J., Criscuolo, N. G...... and Laxminarayan, R. (2019). Global trends in
antimicrobial resistance in animals in low- and middle-income countries. Science 365(6459): eaaw1944

Veloo, Y., Thahir, S. S., Rajendiran, S., Hock, L. K., Ahmad, N., Muthu, V. and Shaharudin, R. (2022). Multidrug-resistant gram-
negative bacteria and extended-spectrum B-lactamase-producing Klebsiella pneumoniae from the poultry farm
environment. Microbiology Spectrum 10(3): €02694-21.

Watts, J. E., Schreier, H. J., Lanska, L. and Hale, M. S. (2017). The rising tide of antimicrobial resistance in aquaculture: sources,
sinks and solutions. Marine drugs 15(6): 158

World Health Organization (WHO), (2018). Critically Important Antimicrobials for Human
Medicine.http://www.who.int/foodborne disease/resistance/cia/en/#.UIMEZ7zmSDA .mendeley

Yassin, A. K., Gong, J., Kelly, P., Lu, G., Guardabassi, L., Wei, L., ... and Wang, C. (2017). Antimicrobial resistance in clinical
Escherichia coli isolates from poultry and livestock, China. PloS one 12(9): e0185326.

DOI: 10.9790/2402-2009012341 www.iosrjournals.org Page | 41


http://www.who.int/foodborne_disease/resistance/cia/en/#.UiMEZ7zmSDA.mendeley


  %   rate =   Number   of   resistant   isolates   × 100  N u m b e r   o f   t e s t e d   i s o l a t e s

