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Abstract
Antimicrobial resistance (AMR) is a growing and emerging public health problem
worldwide. This research determines the occurrence of ESBL E. coli and antimicrobial
resistance profiles of E. coli on eggshells from selected layer chickens. The shells of 270
egg samples were swabbed to detect the presence of E. coli. E. coli isolates were recovered
from 73(23%) of the 270 samples collected. The isolates were subjected to antimicrobial
susceptibility testing using six panel antibiotics (ampicillin, tetracycline,
sulphamethoxazole-trimethoprim, gentamicin, imipenem, and ciprofloxacin) using the disk
diffusion method. The isolates showed the highest resistance to Ampicillin 95.9%, closely
followed by tetracycline 89%, sulphamethoxazole-trimethoprim 72%, gentamicin 41.1%,
and imipenem 1.4%. Also, 78% of the isolates were multi-drug resistant. A 56/73 (76.7%)
out of seventy-three isolates were screened as presumptive ESBL-E. coli by culture on
ESBL CHROM agar and 42/56 (75%) of the isolates yielded ESBL-producing E. coli based
on the production of ESBL by double disc diffusion method. The questionnaire survey
results showed that all farms used antimicrobial agents for therapeutic or prophylactic
purposes. Also, not all the farms had suitable biosecurity measures. The findings of this
study indicated that eggshells are potential reservoirs for multi-drug resistant E. coli and
ESBL-Producing E. coli.
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of healthy animals, including resistance genes mediated by
conjugative plasmids (4).
Extended Spectrum β-lactamases confers resistance to
many β-lactam antimicrobials, particularly the third
generation
cephalosporins,
including
ceftriaxone,
cefotaxime, and ceftazidime, and aztreonam, but not to
carbapenem and cephamycin. Many of these enzymes are
blaCTX-M, blaTEM, and blaSHV types, and E. coli isolates
producing CTX-M types have been recognized as significant
causes of community and hospital-acquired infections.
ESBL E. coli have gained the notoriety of being an indicator
for the spread of resistance determinants and the transfer of
resistance genes between bacteria of the same and varied
species through transmissible plasmids. These resistance

Introduction
Antimicrobial resistance (AMR) in food-producing
animals has negatively impacted veterinary and human
medicine during the last decade. Bacteria from food animals
carrying resistance determinants are being investigated for
their potential to transfer AMR to humans via the
environment, food chain, and direct contact (1).
Antimicrobial resistance is not only a problem for
pathogenic bacteria but also normal gut microbiota (2). E.
coli is the most common and essential indicator of Gramnegative gut microbiota, and it is also regarded as a
significant reservoir of acquired resistance genes (3).
Phenotypes of E. coli are used as a proxy of AMR in the gut
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plasmids have a global distribution and have been reported
to confer resistance to 1st, 2nd, and 3rd generation
cephalosporins and monobactams. Studies have indicated
that transmissible plasmids carrying resistance genes to
cephalosporins are widely disseminated in humans and
animals. Thus, suggesting the likelihood of food animals
serving as significant transmission sources of resistance
determinants bacteria to humans via horizontal gene transfer
(5-15). To investigate the occurrence of MDR-phenotypes in
ESBL E. coli, egg samples were collected from nine different
farms within Jos and environs, first to isolate and identify E.
coli and investigate their resistance profiles and ESBL
production.

the Clinical and Laboratory Standard Institute CLSI (16).
The sensitivity of all confirmed E. coli isolates was evaluated
against six-panels of antibiotics, each representing classes of
antimicrobials commonly used in poultry on the Plateau. The
tested antibiotics includes Ampicillin 10 µg, Ciprofloxacin 5
µg,
Gentamicin
10
µg,
Imipenem
10
µg,
Sulphamethoxazole-Trimethoprim 1.25/23.75 µg, and
Tetracycline 30 µg. E. coli ATCC 25922 and Pseudomonas
aeruginosa ATCC 27853 were used as quality control. For
confirmed E. coli isolates, production of ESBL enzyme was
determined using a combination of disc diffusion method
with ceftazidime (CAZ) and cefotaxime (CTX) alone and in
combination with clavulanic acid (CAZ/CLA and
CTX/CLA) according to the guidelines of CLSI (16). A ≥5
mm increase in zone diameter for either antimicrobial agent
evaluated in combination with clavulanic acid versus the
zone diameter of the antimicrobial agent when evaluated
alone was considered for ESBL Production (17).

Materials and methods
Ethical approval
This study was approved by research ethics committee of
the Faculty of Veterinary Medicine University of Jos on the
11th of November 2020: ID UJ/VM/0044.

Determination of multiple antibiotic resistance index
The multiple antibiotic resistance (MAR) index for each
recovered E. coli isolates was determined by dividing the
number of antibiotics to which the isolate was resistant,
divided by the total number of antibiotics evaluated (18).
MAR Index = No. of antibiotics to which the isolate is
resistant / Total No. of antibiotics evaluated.

Study area
This study was conducted in Jos North Local
Government Area and environs. Jos, the capital of Plateau
State, is located at an altitude of 1217 m) above sea level. Jos
climate is closer to temperate than that of the clear majority
of Nigeria. Average monthly temperatures range from 2125°C, and from mid-November to late January, night-time
temperatures drop to as low as 7°C. Jos receives about 1400
millimeters of rainfall annually, with a unimodal pattern of
rainfall and a downward trend, and rainfall variability has
never gone above or below 400 mm with a mean of 1326.253
mm, the precipitation arising from both conventional and
orographic sources, owing to the location of the city on the
Jos Plateau. Jos North Local Government area has fourteen
wards, covering 291 square kilometers and a population
projection of 429,400 people as of the 2006 census (National
Population Commission of Nigeria, National Bureau of
Statistics web).

Data analysis
Data were entered into and analyzed in Microsoft office
excel 2016. The data were analyzed using descriptive
statistics to show the percentage of Farms with E. coli, ESBL
E. coli, and resistance phenotypes.
Results
Occurrence of E. coli from selected layer chicken farms
Of the 270 egg samples collected, 23% (73/270) were
phenotypically confirmed as E. coli. The recovery rate across
farms showed that farms two 60%, one 40%, and four 37%
had the highest occurrence of E. coli isolates, while farms
five and nine had an occurrence of 3.3% and 10%. Farms
seven and eight had 30%, respectively, while the percentage
of E. coli isolates recovered in farms three and six were 16%
(Table 1).

Sample size
A convenient random sampling technique was used in
this study. Samples were collected from nine different layer
farms located within Jos North Local Area and environs. A
total of 270 eggshell swab sample was collected. Utmost care
was taken to manage the eggs with sterile gloves aseptically.
For examination, samples were adequately packaged and
transported to the Veterinary Microbiology Laboratory,
Faculty of Veterinary Medicine, University of Jos.

Antimicrobial Susceptibility of E. coli
The overall occurrence of AMR in E. coli is high for most
of the six evaluated antibiotics (Figure 1). The highest rates
of resistance were found for Ampicillin 95.9% (70/73),
tetracycline 89% (65/73), sulphamethoxazole-trimethoprim
72.6% (53/73), and ciprofloxacin 50.7% (37/73) followed by
gentamicin 41.1% (30/73) and imipenem 1.4% (1/73) (Table
2 and Figure 2). E. coli isolates recovered from farm two
were resistant to all tested antimicrobials. Farms 1, 3, 4, 6, 7,

Antibiotic susceptibility testing and detection of ESBL
production
The antimicrobial susceptibility test was performed using
the disc diffusion method as described in the guidelines of
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and 8 were resistant to all antimicrobials tested but
imipenem. In contrast, farms 5 and 9 were resistant to two
(Ampicillin and Ciprofloxacin) and three (Ampicillin,
Tetracycline, and Sulphamethoxazole) tested antimicrobial
agents, respectively (Figure 1). For most E. coli isolates,
78% (57/73) presented multiple drug resistance profiles (≥3
antimicrobial class) and with a MAR index of ≥ 0.2 (Figure
3). Additionally, 56% (41/73) and 20.5% (15/73) of the E.
coli isolates showed resistance to four and five different
classes of antibiotics, respectively (Table 3).

(farm two and farm one) had the highest ESBL E. coli, while
one had the least ESBL-producing E. coli.
Farm details and management practices
A well-structured questionnaire was administered to
collate information on farm details, farm management
practice, history of antimicrobial use, and biosecurity
measures in all the farms visited. The farms visited in this
study were all located within Jos north local government and
environs. The stock size ranged from one hundred birds to
3700 within 42 to 70 weeks. The common breeds of layer
chickens encountered were Isa brown and Leghorn, and
55.6% of the farmers had other birds on their farms other
than layer chickens. All farms practiced a deep litter system;
88.9% used commercially compounded feeds, while 11.1%
compounded their feeds.
Additionally, 66.7% of the farmers used well water as a
water source, and 33.3% used boreholes. The egg production
of the farms ranged from three and a half to one hundred
crates per day. None of the farmers decontaminate their eggs
before selling.
Farm vaccination history showed that all farms have fully
vaccinated their flocks and six farms (66.7%) identified New
Castle disease, coccidiosis, and fowl typhoid as the most
encountered diseases. Out of this, only five farms utilized the
services of a veterinarian to confirm the diagnosis of disease
in their farms, while the other diagnosed diseases in their
farms based on previous experience.
All farms used antimicrobials in their farms; 66.7% of the
farmers’ used antimicrobials for therapeutic purposes only,
and 33.3% used antimicrobials for prophylaxis. The
commonly used antimicrobial class used in the farms were
quinolones, tetracyclines, aminoglycosides, and macrolides.
In all the farms visited, 77.8% utilized the services of a
veterinarian as their source of prescription, and 22.2%
prescribed antimicrobials based on previous experience. The
administration of antimicrobials in five farms was less than
seven days, and four farms administered antimicrobials for
seven days. Similarly, five farms used other supplements as
growth promoters.
In terms of biosecurity, only 3 (33.3%) of the farms had
foot dips at the entrance of the farms and each pen. Eight
farms 88.9% provided personal protective attires to their
workers, and out of this, only seven farms 77.8% agreed that
their workers always use personal protective clothing on the
farms, one farm responded that their workers sometimes
used personal protective clothing, while the other said their
workers never used personal protective equipment. In terms
of workers' hygiene, seven farms agreed that their workers'
hygiene was poor and that flies, flying birds, and other
insects had access to the poultry farms. All farms agreed to
change their litter, but the frequency varied. For instance,
66.7% of the farmers changed their litter once in two weeks,
22.2% once a month, and 11.1% only after harvest.

Table 1: Occurrence of E. coli isolates recovered from
freshly laid eggs from selected Chicken farms
Farm ID
+ve farm (n)
% +ve isolates
Farm 1
12
40%
Farm 2
18
60%
Farm 3
5
16%
Farm 4
11
37%
Farm 5
1
3.3%
Farm 6
5
16%
Farm 7
9
30%
Farm 8
9
30%
Farm 9
3
10%
Total
73
23%
A total of 30 eggs were collected from each farm.

Figure 1: Farm-level antimicrobial resistance profiles of E.
coli isolates recovered from the surfaces of freshly laid eggs
from selected layer chicken farms in Jos and Environs; AMP
10µg- Ampicillin, CIP 5µg -Ciprofloxacin, CN 10µg Gentamicin, IPM 10µg -Imipenem, TET 30µg Tetracycline, SXT 25 µg - Sulphamethoxazole, F1 to F9=
Farm 1 to Farm 9.
Phenotypic detection of ESBL E. coli
Nine small-scale layer chicken farms were used in this
study. A total of 73 E. coli isolates were recovered, and out
of this, 56/73(76.7%) were initially screened as presumptive
ESBL-E. coli by culture on ESBL CHROMagar.
Confirmation of ESBL production by the double-disc
diffusion method showed that 42/56 (75%) yielded ESBLproducing E. coli. All farms sampled in this study yielded
ESBL- producing E. coli. Among all the farms, two farms
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Table 2: Antimicrobial susceptibility profiles of E. coli recovered from the surfaces of freshly laid eggs from layer chickens
Antimicrobial agents

Disc content

+ve isolates

Ampicillin
Gentamicin
Ciprofloxacin
Imipenem
Tetracycline
Sulphamethoxazole

10 µg
10 µg
5 µg
10 µg
30 µg
25 µg

73
73
73
73
73
73

Susceptibility profiles of E. coli isolates
Resistant (%)
Intermediate (%)
Susceptible (%)
70 (95.9)
2 (2.7)
1 (1.4)
30 (41.1)
0 (0)
43 (58.9)
37 (50.7)
23 (31.5)
13(17.8)
1(1.4)
1 (1.4)
71(97.2)
65 (89.0)
0 (0)
8 (10.9)
53(72.6)
2 (2.7)
18(24.7)

Figure 2: Antimicrobial resistance of E. coli recovered from
the surface of freshly laid eggs from selected layer chicken
farm in Jos and Environs (n = 73); AMP 10µg- Ampicillin,
CIP 5µg -Ciprofloxacin, CN 10µg - Gentamicin, IPM 10µg
-Imipenem, TET 30µg - Tetracycline, SXT 25 µg –
Sulphamethoxazole.

Figure 3: Percentage of MDR E. coli isolates recovered from
eggshells.
Discussion
Bacteria from animal sources constituted a considerable
proportion of opportunistic pathogens and are known to
carry clinically relevant resistance determinants, owing
partly to the frequent and indiscriminate use of
antimicrobials in human and veterinary medicine (17). This
study investigated the antimicrobial resistance profiles of
commensal ESBL E. coli isolated on eggshells from selected
layer chicken farms in Jos and environs. Our results showed
that 73 out of the 270 egg samples collected were identified
as E. coli. The E. coli recovery rate across farms showed that
three farms had the highest recovery rate, and two farms had
the least identified E. coli isolates. The high occurrence of
potentially clinically relevant E. coli obtained in this study is
not surprising, as E. coli is one of the notable members of the
family Enterobacteriaceae known to colonize poultry's
gastrointestinal tract.
Additionally, E. coli is a known indicator organism for
studying the spread of antimicrobial resistance genes (3,19).
These have a significant public health impact since these
bacteria, and their resistance genes can be transmitted to
humans via the food chain. This can also lead to
contamination of the environment when fecal content from
these birds is used either as organic manure to grow
vegetables or feed pigs and fish. The variable E. coli

Table 3: E. coli isolates with Multiple Antimicrobial (MAR)
Index of ≥ 0.2 or more
Resistance profiles
Single resistance
AMP
SXT
Double resistance
AMPCIP
TETCIP
AMPSXT
AMPTET
Multi-drug resistance
AMPSXTTET
AMPTETCN
AMPTETCIP
AMPSXTTETCN
AMPSXTTETCIP
IPMAMPSXTTET
AMPTETCIPCN
AMPSXTTETCIPCN
Total

Resistant (n)

MAR Index

2
2

≤0.2
≤0.2

3
1
2
6

≥0.2
≥0.2
≥0.2
≥0.2

13
1
2
9
11
1
5
15
73

≥0.2
≥0.2
≥0.2
≥0.2
≥0.2
≥0.2
≥0.2
≥0.2
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recovery rate observed in this study could be related to the
farm biosecurity measures and workers' hygiene. Farm
hygiene plays a critical role in reducing contamination by
pathogens. This finding agrees with Musa et al. (5) report,
where the authors reported that animal handlers and
equipment contributed to a persistent contamination of the
farm environment.
The highest number of E. coli resistant isolates recovered
from eggshells were found to be for Ampicillin, tetracycline,
and sulphamethoxazole. This was followed by resistance to
ciprofloxacin, gentamicin, and imipenem. All these
antimicrobial agents are commonly used either singly or in
combination with others in poultry production for
prophylactic or therapeutic purposes, thus favoring the
selection of resistant bacteria that can potentially be
transmitted to humans via the food chain, direct animal
contact, or environmental contamination (19-23).
E. coli isolates were resistant to Ampicillin,
ciprofloxacin,
gentamicin,
tetracycline,
and
sulphamethoxazole, and three farms were resistant to two
and three antimicrobials, respectively. These resistance
profiles directly reflect antimicrobial use on the farms and
support the theory that indiscriminate or sustained use of
antimicrobials in conventional poultry farms exerts selective
pressure on the microbial community, aiding the persistence
and dissemination of resistance genes among bacterial
bacteria species. The findings also agree with Davis et al.
(24) report, where empirical research evidence revealed a
higher prevalence of antimicrobials resistance among E. coli
isolates from traditional turkey farms than organic turkey
farms with no history of antimicrobial use. It is unclear why
the E. coli isolates recovered and used had variable
resistance levels in this study. However, this phenomenon
existed because of the magnitude of use of antimicrobials in
each of the farms visited. Additionally, Mathew et al. (25)
demonstrated a relationship between the level of resistance
and antimicrobial use. Another explanation could be the
horizontal transfer of resistance determinants to susceptible
E. coli strains or via intrinsic resistance mechanisms.
In this study, a considerable number of the E. coli isolates
were MDR phenotypes and with a multiple antimicrobial
resistance (MAR) index of ≥ 0.02 representing seven out of
the nine farms studied. Studies have demonstrated a higher
prevalence of MDR E. coli in chickens and the environment
in Nigeria 91.8% (26,27), Bangladesh 75.06% (28), India
60%, and Nepal 80% (29). These high occurrences of MDR
phenotypes could be associated with indiscriminate use of
antimicrobials, which may replace susceptible strains of
bacteria in an environment already overwhelmed by
antimicrobials.
To investigate the occurrence of ESBL-producing E. coli
on eggshells from selected layer chicken farms. The results
showed that ESBL E. coli is circulating in poultry farms,
which presents a significant health risk to humans. The

occurrence of ESBL-producing E. coli reported in this study
was 75%, higher than those reported in a study by Aworh et
al. (26). This high occurrence of ESBL-producing E. coli
observed in this study could be attributed to easy access to
antimicrobial agents for veterinary use. Contamination of
Egg by ESBL E. coli phenotypes is likely to occur during
laying. This can be due to contaminated hens through
horizontal transmission from environmental dust or feces
(30,31). This is evident because the questionnaire survey
results showed that all farms used antimicrobial agents for
therapeutic or prophylactic purposes. Additionally, not all
farms have reasonable biosecurity measures.
Conclusion
The findings of this study affirmed the presence of
antimicrobial resistance in E. coli isolates and ESBL E. coli
phenotypes on eggshell from selected layer chicken farms in
Jos and environs. Antimicrobial resistance phenotypes in
poultry farms are a critical concern as they can enter the food
chain and directly affect public health. There is a need to
ensure comprehensive surveillance and more sensible use of
antimicrobial agents in layer chick farms to stem the tides
against the spread of resistant phenotypes.
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الحساسية للمضادات الحيوية باستخدام ستة أنواع من المضادات الحيوية
(األمبيسيلين ،التتراسيكلين ،السلفاميثوكسازول  -تريميثوبريم،
الجنتاميسين ،اإليميبينيم ،والسيبروفلوكساسين) باستخدام طريقة االنتشار
لألقراص .أظهرت العزالت أعلى مقاومة لألمبيسيلين ( ،)٪95.9تليها
التتراسيكلين ( ،)٪89سلفاميثوكسازول-تريميثوبريم (، )٪72
الجنتاميسين ( ،)٪41.1واإليميبينيم ( .)٪1.4كما أن  ٪78من العزالت
كانت متعددة المقاومة للمضادات الجرثومية .إعتمادا ً على الزرع على
وسط  ESBL CHROM agarكانت  56عزلة ( )٪76.7من المجموع
الكلي ( 73عزلة) تبدو من نوع  ESBL-E. coliوبإستخدام طريقة
انتشار القرص المزدوج ثبت ان  )٪75( 56/42من العزالت كانت من
نوع  E. coliالمنتجة لـ  ESBL.أظهرت نتائج االستبيان أن جميع حقول
الدجاج البياض تستخدم مضادات الجراثيم لألغراض العالجية أو
الوقائية .أيضًا  ،لم يكن لدى جميع الحقول إجراءات أمن حيوي مناسبة.
أشارت نتائج هذه الدراسة إلى أن قشور البيض هي مصادر وخزائن
محتملة لجراثيم اإلشريكية القولونية المقاومة لألدوية المتعددة و المنتجة
لـ.ESBL

األنماط الظاهرية المقاومة لألدوية المتعددة من
اإلشريكية القولنية المنتجة للبيتا الكتاميز الواسعة
الطيف ) (ESBLمن الدجاج البياض
أديوالي أولوبادي ،أسينامي أثليامي بيتروس ،أسابي هاليمات
موموه-زكري و بوافينو هوليادينو بامايي
الخالصة
مقاومة مضادات الجراثيم هي مشكلة صحية عامة متنامية وناشئة
في جميع أنحاء العالم .يحدد هذا البحث ظهور جراثيم اإلشريكية القولونية
المنتجة ألنزيمات البيتا الكتاميز واسعة الطيف (Extended-spectrum
) beta-lactamases ESBL E. coliومالمح مقاومة المضادات
الجرثومية لإلشريكية القولونية على قشر البيض من الدجاج البياض
المختار .أخذت مسحات من قشور  270عينة بيض للكشف عن وجود
اإلشريكية القولونية .تم الحصول على  )٪23( 73عزلة من اإلشريكية
القولونية من مجموع العينات ( 270عينة) .إخضعت العزالت الختبار
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