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ABSTRACT 
 

Aims: Antibiotic therapy in poultry is alleged to spread multiple antibiotic resistant bacteria. This 
study seeks to correlate antibiotic treatment in poultry with the occurrence of multiple bacterial 
resistances to critically important antibiotics and also determine the potential sources of acquisition 
of these bacteria. 
Study Design: Experimental design. 
Place and Duration of Study: Department of Microbiology, Ekiti State University, Ado-Ekiti 
between February 2017 and December 2019. 
Methodology: Data on antibiotic treatment, poultry management practices and use of natural water 
bodies in the area of study were collected from farm managers and residents using a questionnaire. 
The locations of the source area and their relative distances were determined using the 
Geographical System Information Software, Mapit. Fresh fecal droppings from poultry birds were 
randomly sampled with a sterile swab stick and transferred into a freshly-procured, sealed, factory-
packed polythene bag. Farm feed, water, and soil from disposal sites were also collected in sterile 
universal containers. The suspension of the fecal droppings was streaked on Eosin Methylene Blue 
agar plates with sterile wire loop and incubated at 37 °C for 18-24 hours. Soil and water samples 
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from the waste disposal sites were serially diluted and streaked as previously. The isolates were 
characterized using relevant biochemical tests. Modified Kirby Bauer method was used to determine 
the isolates’ susceptibility to nine tested antibiotics, and the results were interpreted based on CLSI 
guidelines. 
Results: Most of the examined birds, (92%) were exposed to antibiotics, of which 64% of the 
antibiotics were administered for therapeutic purposes, prophylaxis (27%) and enhancement of egg 
production in layers (9%). All the antibiotics were administered by mixing them in a specified 
quantity of water. The majority (46%) of the birds were first exposed to antibiotics at the age of 2 
weeks. Routine charts were used by 25% of the farmers for the administration of antibiotics. Data 
from farm records show that eleven antibiotics were selectively used on the farms. Sulfonamide and 
diaveridine, an anti-coccidiostat, were administered in most of the farms (50%), while tylosine, 
metronidazole and chloramphenicol recorded the least (8.3%). Carbapenem, penicillin, and 
cephalosporin were not administered. From the data obtained on antibiotics-presence in two retail 
markets, tetracycline, neomycin, gentamycin and erythromycin were available in both retail markets, 
cephalosporins, meropenem, and metronidazole were not sold for poultry consumption. Both the 
percentage occurrences of E. coli from fresh poultry droppings (44.1%) and waste disposal sites 
(33.3%) were relatively low. Higher antibiotic percentage resistance to ciprofloxacin (87%), ofloxacin 
(83%), sulfonamide, and tetracycline (78%) were found in the isolates. Multiple antibiotic-resistant 
profiles occurred in patterns and different patterns were replicated across various farms. Also, 46 
multiple antibiotic-resistant patterns were recorded, and two of these patterns (AMC, CIP, OFX, CN, 
SXT, TET and CRO, CAZ, AMC, CIP, OFX, CN, MEM, SXT) were spread across 50% of the farms. 
There was history of diarrhea in some respondents (12%), linked to human exposure to 
contaminated natural water bodies. From correlation studies, both data on antibiotic treatment and 
that from market survey were directly related to the antibiotic-resistant profiles of isolates. The 
Spearman correlation coefficient are (rs (3) = 0.866, p = .333) and (rs (3) = 0 .667, p = .500) 
respectively. 
Conclusion: The development and spread of multiple antibiotic-resistant bacteria of poultry origin 
are primarily attributed to poor antibiotic formulation policy, crude antibiotic treatment on poultry 
farms, and indiscriminate supply of antibiotics to untrained poultry personnel. The effectiveness of 
the super drugs used for the treatment of superbugs in poultry birds may be undermined if policies 
on the antibiotic formulation, dispensing, and therapy are not reviewed. 
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M. A. R. B. - Multiple antibiotic resistant bacteria   
 

1. INTRODUCTION 
 

Poultry farming is practiced globally for dietary 
and economic purposes. Chicken meat is the 
most preferred and reared species of poultry 
birds [1]. Despite the huge economic prospect of 
the poultry industry, it is threatened by multiple 
antibiotic-resistant bacteria (MARB). These 
pathogens constitute a major challenge to the 
development of the poultry industry [2]. 
Culturally-based disease prevention and control 
measures comprising routine immunization, 
health monitoring, bio-security, farm hygiene, 
and sanitation are employed in poultry 
management; however, they were reported to 
achieve limited success warranting antibiotic 
treatment in the business of poultry production 
[3]. Antibiotics are used in poultry production 

sites at a therapeutic dose to treat infections and 
at a prophylactic dose to prevent diseases and 
reduce the burden of intensive medical care for 
deadly diseases in birds. They are also used as 
growth promoters or feed supplements [4]. There 
are assertions that the rates of illness and death 
from bacterial infection in poultry will be higher 
than at present if antibiotics are not administered 
[5]. Bacteria are known to cause infectious 
diseases like fowl cholera, salmonellosis, 
paratyphoid infection, pullorum disease, 
compylobacteriosis, cellulitis coliobacillosis, 
pasteurellosis, coliform, botulism, 
mycoplasmosis, staphlococcosis, and avian 
tuberculosis [6]. 
 

Frequently used antibiotics for treatment in 
Nigerian poultry farms include erythromycin, 
tetracycline, ampicillin, chloramphenicol, 
neomycin, sulphonamides, enrofloxacin, 
furazolidone, nitrofurantoin, streptomycin [7]. 
Some of the critically-important antibiotics such 
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as the fluoroquinolones and newer generation of 
cephalosporins used in animal care are also 
considered to be critically-important in human. 
These two antibiotic-classes are not 
recommended as prophylaxis or for first-line 
treatment in poultry [8]. Poultry farming is 
increasingly practiced within residential areas in 
Nigeria and poultry droppings from the farm can 
contaminate food, water, soil and increase the 
burden of antibiotic-resistant bacteria in the 
immediate environment. Thus humans are at risk 
of contracting infection due to exposure to these 
bacteria.  
 
There is an emerging threat of infections caused 
by multiple antibiotic-resistant bacteria in poultry. 
The potency of many antibiotics in veterinary 
medicine has been undermined, and the few 
available adequate reserves may be under a 
threat of extinction [9]. Bacterial pathogens can 
be resistant to many antibiotics, and they are 
often designated as superbugs [8]. Also, 
infections caused by multiple antibiotic-resistant 
bacteria can lead to treatment failure, worsened 
health conditions, and compromise both human 
and animal health [10]. 
   
Consequently, antibiotics are now endangered 
species with a threat of extinction due to the 
global emergence of antibiotic resistance [9]. 
Most generally-recommended antibiotic-classes 
for treatment, 80% are also administered in 
animal production sites. This can promote spread 
of antibiotic resistant bacteria from animal 
production facility to humans and endanger 
public health. Besides, statistics on antibiotic 
consumption in a poultry production facility is 
quite alarming [11]. Poultry and other farm 
animals are the critical reservoirs for multiple 
antibiotic-resistant E. coli. The indiscriminate use 
of antibiotics in animal production sites is 
considered the most important factor that 
promotes the emergence and spread of antibiotic 
resistant bacteria in poultry [12]. In contrast, 
some correlation studies have implicated other 
contributory factors to be responsible for the 
development and spread of multiple antibiotic-
resistant bacteria in poultry [13,14]. It is 
necessary to determine if antibiotic treatment is 
the single cause of antibiotic resistance in poultry 
or if others exist. 
 

2. MATERIALS AND METHODS  
 

2.1 Research Tools  
 
A brief questionnaire was administered to farm 
managers and residents, data on antibiotic 

treatment and poultry management practices 
were collected. 
 

2.2 Determination of the Source Area  
 
The coordinates of the poultry sites, natural 
water bodies, source area, and their distances 
were determined using the geographical system 
information software Mapit GIS as described 
[15]. 

 
2.3 Study Population and Site 
 
The study population comprises layers, broilers, 
turkeys, and free-range birds from poultry farms 
in Ido-Ekiti and Usi-Ekiti in Ido-Osi local 
government area of Ekiti State.  A total of 204 
fecal droppings, 12 feed samples, 12 water 
samples, and 12 samples (soil/water) from 
disposal sites were collected. 
 
2.4 Collection of Samples 
 
Fresh fecal droppings from poultry birds were 
randomly sampled with a sterile swab stick and 
transferred into a freshly procured, sealed, 
factory-packed polythene bag. Farm feed, water, 
and soil from disposal sites were also collected in 
sterile universal containers and immediately 
transferred to the Microbiology Laboratory, Ekiti 
State University, Ado-Ekiti, for bacteriological 
analysis [16]. The samples were cultured within 2 
hours of collection. 
 

2.5 Isolation Techniques 
 

Swab sticks containing the fecal droppings were 
suspended in 5 mL of sterile saline water, 
prepared as 10% suspension. The suspension 
was streaked on E.M.B plates with sterile wire 
loop and incubated at 37 °C for 18-24 hours. 
Distinct colonies with a green metallic sheen and 
dark centers from the primary culture were 
preliminarily identified as E. coli [7,16]. One gram 
of the collected soil sample was weighed and 
added to a test tube containing 9 mL of sterile 
distilled water. A volume of 1 mL of the stock 
water sample was serially diluted in series of test 
tubes containing 9 mL of sterile distilled water. 
About 0.1 mL of the tenth-fold dilution from the 
eighth tube was inoculated into plates, and pour 
plating was carried out with eosine methylene 
blue agar. The plates were incubated at 37 °C for 
24 hours. A loopful of diluents from test tubes 
with a dilution factor of 10-5 and 10-6 were 
streaked on EMB agar. The plates were 
incubated as previously. Distinct colonies of E. 
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coli were sub-cultured on sterile eosin methylene 
blue agar to obtain a pure secondary culture. 
They were further preserved on nutrient agar 
slant for biochemical tests [7]. 
 
2.6 Antibiotic Susceptibility Test 
  
Antibiotic susceptibility testing was carried out 
using the agar disc-diffusion method. Antibiotic 
discs (Oxoid) comprising ciprofloxacin (5 µg), 
tetracycline (30 µg), ofloxacin (5 µg), 
trimethroprim/sulfamethozazole (1.25/23.75 µg), 
gentamycin (10 µg), amoxicillin-clavulanic acid 
(20/ 10 µg), ceftaxidime (30 µg), meropenem (10 
µg) and cefriazone (30 µg) were used. Mac 
Farland standard of 0.5 which gives an inoculum 
size of 1.5 × 10

-8
 CFU/mL was used to 

standardize the experiment. A sterile cotton swab 
was dipped into the standardized broth culture 
and excess inoculums were drained by pressing 
the cotton swab against the test tube above the 
broth suspension. The swab stick was evenly 
spread over the entire surface of the 15 mL 
Muella Hinton agar plate to obtain uniform 
distribution of inoculums. The inoculated plates 
were then allowed to dry for 3-5 minutes. 
Antibiotics impregnated discs were loaded and 
positioned on the surface of the inoculated plates 
with a multiple disc dispenser to ensure 
adequate spacing of the discs. A forceps was 
used to press the antibiotic discs slightly on the 
agar to ensure contact and diffusion of antibiotics 
into the agar medium [17]. The plates were 
inverted and incubated at 37 °C for 16-18 hours. 
The cultures were later examined and the 
diameters of the zones of inhibition were 
recorded and interpreted as susceptible, 
intermediate and resistant based on procedures 
of CLSI, 2013 [18]. 
 

2.7 Statistical Analysis 
 
Statistical analysis was carried out using IBM 
SPSS statistics, version 20.0 to analyze the 
Spearman correlation coefficient [19]. 
 

3. RESULTS AND DISCUSSION 
 

The types of antibiotics administered on the 
farms are shown in Table 1. The administered 
antibiotics were enrofloxacin, erythromycin, 
tetracycline, gentamycin, streptomycin, neomy 
cin, colistin, cotrimoxazole, metronidazole, and 
chloramphenicol. Cotrimoxazole was adminis 
tered in 5 farms. Anticoccidistats were also 
administered in some farms. Antibiotics were not 
administered on the free range birds. 

The antibiotic treatment profile of the birds is 
shown in Table 2. Ninety two percent of the birds 
were exposed to antibiotics of which 64% were 
administered for therapeutic purpose, 
prophylaxis (27%) and enhancement of egg 
production in layers (9%). All the antibiotics were 
administered by mixing them in specified quantity 
of water. Majority of the birds (46%) were first 
exposed to antibiotics at age of 2 weeks. Routine 
charts were used by 25% of the farmers for 
administration of antibiotics. Farm records show 
that eleven antibiotics; enrofloxacin, 
erythromycin, tetracycline, gentamycin, 
streptomycin, neomycin, colistin, cotrimoxazole, 
metronidazole, tylosine and chloramphenicol 
were selectively used on the farms. The birds 
were not exposed to cephalosporin, penicillin and 
meropenem. Sulfonamide (cotrimoxazole) and 
diaveridine an anticoccidiostat were administered 
in most of the farms (50%), Based on the 
antibiotic-classes administered, sulfonamides 
were administered most (50%), while 
nitroimidazole and amphenicol were the least 
administered (8%). Carbapenem, penicillin and 
cephalosporin were not administered. From the 
survey of two retail markets, tetracycline, 
neomycin, gentamycin and erythromycin were 
available in both markets. Cephalosporins, 
meropenem and metronidazole were not sold for 
poultry consumption in the market. 
 
The isolation rate of E. coli from poultry in Ido-
Ekiti is shown in Table 3. A total of 204 poultry 
droppings, 12 feed samples, 12 water samples 
and 12 samples from disposal sites were 
examined. A total of 94 isolates consisting of 90 
samples from fecal droppings and 4 from waste 
disposal sites were obtained. The percentage 
occurrence of E. coli from all the examined birds 
was 44.1%. Farm K comprising free-range birds 
recorded the highest isolation rate (82%), while 
the lowest isolation rate, (18%), was recorded in 
farms B and C comprising layers and broilers. 
Besides, E. coli was also isolated from waste-
water collected from waste disposal site of a farm 
and soil samples from waste disposal sites of 
four farms. The isolation rate of samples 
obtained from poultry waste disposal sites was 
33.3%. 
 
The antibiotics percentage resistant-profile of E. 
coli isolated is shown in Table 4. The average 
resistance of the isolates to ciprofloxacin was the 
highest (87%), followed by ofloxacin (83%), 
cotrimoxazole and tetracycline (78%), gentam 
ycin and amoxicillin clavulanate (72%), 
cefriazone (64%), ceftaxidime (60%). The 
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average resistance of the isolates to meropenem 
was the lowest (40%). Besides, resistance to 
multiple classes of antibiotics was recorded in 
95.7% of the isolates 
 

The multiple antibiotic resistant patterns of E. coli 
isolated are shown in Table 5. There was 
replication of many antibiotic resistant patterns in 
different farms. A total of three different multiple 
antibiotic resistant-patterns, the lowest occurred 
in 4 farms and a disposal farm while a total of 9 
patterns, the highest were recorded in one farm. 
A total of Forty-six different multiple antibiotic-
resistant patterns were recorded in all the farms.  
 

The natural water sources located within the area 
of study and their uses are shown in Table 6. 
The water bodies consist of spring and streams 
in Ido and Usi-Ekiti. They were used for religious, 
domestic, recreational, fish farming and 
construction activities. There was previous 
history of diarrhea attributable to exposure to 
contaminated natural water bodies in 14% of the 
respondents in the area of study. 
 

The Spearman’s statistical correlation of 
antibiotics treatment and resistant profile is 
shown in Table 7. There was a strong, positive 
correlation between antibiotics used for treatment 
and resistant profile of the isolates, which was 
statistically significant (rs(3) = 0 .866, p = .333). 
Also, a strong, positive correlation was recorded 
between level of antibiotics-presence from 
market survey and resistant profile of the 
isolates, which was statistically significant (rs (3) = 

0 .667, p = .500). 
 

4. DISCUSSION 
 

Many of the administered therapeutic agents 
were combinations of various classes of 
substances with different mechanisms of action. 
This formulation strategy is intended to enhance 
synergy of the multiple components. The high 
level of antibiotic resistance observed in poultry 
may be associated with the crude use of 
antimicrobial substances administered on the 
birds. Besides, the development and spread of 
multiple antibiotic-resistant bacteria of poultry 
origin is largely attributable to policies on 
antibiotic production involving combination of 
different antibiotics as a single formulation, and 
indiscriminate supply of antibiotics to      
untrained poultry personnel. The effectiveness 

of super drugs used for treatment of super bugs 
in poultry birds may be undermined if policies on 
antibiotic formulation, dispensing and treatment 
are not reviewed. 

 
Also, administering antibiotics in water was a 
common practice and they were administered 
majorly for therapeutic purposes. Antibiotics were 
also administered for disease prevention and 
enhancement of egg production in layers. The 
administration of metronidazole, an  
antimicrobial, primarily used in humans and 
canine for treatment of poultry birds may 
constitute an abuse of the substance. Antibiotics 
were routinely administered on newly acquired 
birds on some farms. This disease preventive 
measure was presumed to prevent the spread of 
specific diseases believed to be endemic or 
prevalent with birds from specific hatcheries. The 
fluoroquinolones and cephalosporins are critically 
essential antibiotics in human medicine [8]. The 
indiscriminate use of these antibiotics       
together with penicillin in poultry production can 
select for normal microbial population that are 
resistant to antibiotics. 

 
Comparatively, the observed isolation rates of E. 
coli in both fecal and waste samples were low. 
These relatively low isolation rates might be 
attributed to the sample size. The higher level of 
occurrence of the bacteria in poultry      
droppings might be associated with a lower die-
off rate of E. coli in fresh fecal samples than in 
stale samples with prolonged exposure to     
harsh environmental conditions. Besides, the 
abiotic factors may lead to loss of genes that    
are responsible for the metabolism of certain 
nutrients and promotion of bacterial growth 
outside their primary. However, these isolation 
rates contrast with [20], who recorded an 
isolation rate of 83% in fecal droppings from 
poultry sources. The presence of multiple-
antibiotic resistant E. coli in soil and water 
samples from disposal sites shows that 
contaminated soil and water in the environment 
can be a secondary reservoir of multiple 
antibiotic-resistant bacteria. Improper poultry 
waste disposal and wandering activity of free-
range birds could constitute a mobile source      
of reach of the bacteria from fecal materials to 
the environment. 
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Table 1. Types of antibiotics/antimicrobials administered on each farm 
 

Farm code ENR ERY CN SXT TET NEO STR COL MET CHL TYL DIA DIC Total 
A + - - + - - - - - - - + - 3 
B - + + + + + + + - - - + - 8 
C - - + - - - - - - - - - - 1 
D + - - - - - - - - - - - + 2 
E - + - + + - + + - - - + + 7 
F - - - + - - - - - - - + - 2 
G - - - + - - - - - - - + - 2 
H - - - - + - - - + - - - - 2 
I - - - - - + - - - + - - - 3 
J - - - - - - - - - - - - - 0 
K - - - - + - - - - - - - - 1 
L - - + + + - - - - - + + - 5 
Total 2 2 3 6 5 2 2 2 1 1 1 6 2  

Key:  ENR- Enrofloxacin, ERY- Erythromycin, CN-Gentamycin, SXT-Trimethroprim/ sulfamethoxazole, TET- Tetracycline, NEO- Neomycin, STR- Streptomycin, COL- Colistin, MET-Metronidazole, 
CHL-Chloramphenicol, DIA-Diaveridine , TYL- Tylosine, DIC- Diclazuril 

 

Table 2. Antibiotic consumption profile of poultry birds examined 
 

Characteristics  Frequency (%) 
Exposure to antibiotics Yes 

No 
11 (91.7) 
1(8.3) 

Purpose of usage Disease prevention 
Treatment 
Enhance egg production 

3 (27.3) 
7 (63.6) 
1 (9.1) 

Method of administration Water 
Feed 
Injection 

11 (100) 
0 (0) 
0 (0) 

Age of birds when first exposed 2 weeks 
1 month 
2 months 
3 months plus 

5 (45.5) 
3 (27.3) 
2 (18.2) 
1 (9.1) 

Routine chart for antibiotic use Yes 
No 

3 (25) 
9 (75) 

Frequency of administration of antibiotics Cotrimoxazole 
Tetracycline 
Gentamycin 

6 (50) 
5 (41.7) 
3 (25) 
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Characteristics  Frequency (%) 
Enrofloxacin 
Erythromycin 
Streptomycin 
Neomycin 
Colistin 
Metronidazole 
Chloramphenicol 
Tylosine 

2 (16.7) 
2 (16.7) 
2 (16.7) 
2 (16.7) 
2 (16.7) 
1 (8.3) 
1 (8.3) 
1 (8.3) 

Frequency of administration of classes of antibiotics Sulphonamide 
Tetracycline 
Aminoglycoside 
Fluoroquinolone 
Macrolide 
Polymyxin 
Nitroimidazole 
Amphenicol 

6 (50) 
5 (41.7) 
5 (41.7) 
2 (16.7) 
2 (25) 
2 (16.7) 
1 (8.3) 
1 (8.3) 

Product availability from market survey Tetracycline 2 (100) 
 Cotrimoxazole 1 (50) 
 Neomycin 2 (100) 
 Gentamycin 2 (100) 
 Erythromycin 2 (100) 
 Penicillin 1 (50) 
 Enrofloxacin 1 (50) 
 Streptomycin 1 (50) 
 Colistin 1 (50) 
 Chloramphenicol 1 (50) 
 Tylosine 1 (50) 

* Numbers in parenthesis are percentage value 
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Table 3.  Isolation rate of E. coli from poultry in Ido-Ekiti 

 
       Waste sources/samples examined 
Poultry site  No of Poultry 

droppings 
examined 

No positive (%) Poultry feed 
examined 

No positive 
(%) 

Poultry Water 
examined 

No Positive 
(%) 

Waste water 
samples 
examined 

Soil samples 
examined 

No. positive 
(%) 

Total 

A (Pullet) 17 5 (29.4) 1 - 1 - - 1 - 20 
B(Layer) 17 3 (17.7) 1 - 1 - - 1 - 20 
C(Broiler) 17 3 (17.7) 1 - 1 - - 1 - 20 
D(Broiler) 17 5 (29.4) 1 - 1 - - 1 - 20 
E(Turkey) 17 6 (35.3) 1 - 1 - - 1 - 20 
F(Turkey) 17 5 (29.4) 1 - 1 - - 1 - 20 
G(Layer) 17 8 (47.1) 1 - 1 - - 1 1 20 
H(Layer) 17 11 (64.7) 1 - 1 - - 1 - 20 
I(Layer) 17 13 (76.5) 1 - 1 - - 1 1 20 
J(Cockerel) 17 12 (70.6) 1 - 1 - - 1 - 20 
K(Local) 17 14 (82.4) 1 - 1 - 1 - 1 20 
L(Layer) 17 5 (29.4) 1 - 1 - - 1 1 20 
Total (%) 204 90 (44.1) 12 - 12 - 1 11 4 (33.3) 240 (100) 

* Numbers in parenthesis are percentage val 
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Table 4. Antibiotics percentage resistant profile of E. coli isolated 
 

  Cephalosporin Penicillin Fluoroquinolone Aminoglycoside Caberpenem Sulfonamide Tetracycline 
Source code N CRO (%) CAZ (%) AMC (%) CIP (%) OFX (%) CN (%) MEM (%) SXT (%) TET (%) n (%) 
A 5 0 0 5 (100) 4 (80) 3 (60) 4 (80) 0 3 (60) 4 (80) 4 (80) 
B 3 1 (33.3) 1 (33.3) 3 (100) 1 (33.3) 1 (33.3) 1 (33.3) 0 1 (33.3) 3 (100) 3 (100) 
C 3 1 (33.3) 1 (33.3) 3 (100) 1 (33.3) 2 (66.7) 3 (100) 0 2 (66.7) 2 (66.7) 3 (100) 
D 5 1 (20) 1 (20) 5 (100) 4 (80) 5 (100) 5 (100) 0 2 (40) 3 (60) 5 (100) 
E 6 0 0 5 (83.3) 5 (83.3) 5 (83.3) 3 (50) 2 (33.3) 4 (66.7) 5 (83.3) 6 (100) 
F 5 1 (20) 1 (20) 5 (100) 5 (100) 5 (100) 1 (20) 3 (60) 4 (80) 4 (80) 5 (100) 
G 8 5 (62.5) 5 (62.5) 2 (25) 8 (100) 6 (75) 3 (37.5) 3 (37.5) 6 (75) 7 (87.5) 8 (100) 
H 11 9 (81.9) 8 (72.7) 7 (63.6) 11 (100) 9 (81.9) 8 (72.7) 1 (8.7) 11 (100) 11 (100) 11 (100) 
I 13 13 (100) 12 (92.3) 9 (69.2) 11 (84.6) 12 (92.3) 13 (100) 9 (69.2) 10 (76.9) 10 (76.9) 12 (92) 
J 12 11 (91.7) 10 (83.3) 7 (58.3) 12 (100) 10 (83.3) 7 (58.3) 7 (58.3) 10 (83.3) 11 (91.7) 12 (100) 
K 14 9 (64.3) 10 (71.4) 10 (71.4) 12 (85.7) 12 (85.7) 12 (85.7) 7 (50) 11 (78.6) 10 (71.4) 12 (86) 
L 5 5 (100) 4 (80) 4 (80) 5 (100) 5 (100) 4 (80) 4 (80) 5 (100) 1 (20) 5 (100) 
F/W - - - -  - - - - - - 
DS 4 4 (100) 3 (75) 3 (75) 3 (75) 3 (75) 4 (100) 2 (50) 4 (100) 2 (50) 4 (100) 
Total 94 60 (63.8) 56 (60) 68 (72.3) 82 (87.2) 78 (83) 68 (72.3) 38 (40.4) 73 (77.7) 73 (77.7) 90 (95.7) 
Keys: n=number of isolates, N- Number of isolates showing multiple antibiotic resistance, F/W- isolates from feed and water, DS-number of isolates from disposal site, OFX-Ofloxacin; CIP-Ciprofloxacin, GN-Gentamycin; AMC-Amoxycillin-

clavulanate, CRO-Cefriaxone; MEM-Meropenem, CAZ= Ceftaxidime TET= Tetracycline,  SXT= Trimethroprim/Sulfamethoxazole. Source A- pullets, B- layers, C- broilers, D- broilers, E-,turkeys,  F-,turkey, G-layers, H-layers, I- layers, J-cockerels, K-
local birds, L-layer 
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Table 5. Multiple antibiotic resistant patterns of E. coli isolated 
 

  Source code  
S/No. Patterns of antibiotic resistance A B C D E F G H I J K L D/S Total 
1 AMC, CIP,CN, SXT, TET 1             1 
2 AMC, CIP, OFX, CN, SXT, TET 2 1 1 2 1   1      6 
3 AMC, CIP, OFX, CN 1             1 
4 CAZ, AMC, TET  1 1 2 1   1      6 
5 CRO, AMC, TET              1 
6 CRO, CAZ, AMC, CN  1            1 
7 AMC, OFX, CN, SXT, TET  1            1 
8 CRO, CAZ, AMC, OFX, CN   1           1 
9 AMC, OFX, CN   1           1 
10 CN, MEM, SXT, TET    1          1 
11 AMC, CIP, OFX, SXT    2          1 
12 AMC, CIP, OFX, CN, MEM, TET     1         1 
13 AMC, CIP, OFX, TE     1         1 
14 AMC, CIP, OFX, SXT, TET     1         1 
15 CRO, AMC, CIP, OFX, MEM, SXT, TET     1         1 
16 CAZ, AMC, CIP, OFX, CN     1 1        1 
17 AMC, CIP, OFX, MEM, SXT, TET      1    1    2 
18 CRO, CIP, SXT, TET      1        1 
19 CAZ, CIP, OFX, CN, SXT, TET    2          1 
20 CRO, CAZ, CIP, MEM       1       1 
21 CIP, OFX, SXT, TET       1    1   2 
22 CRO, CAZ ,AMC, CIP, OFX, CN, SXT, TET       1 1      2 
23 CRO, CAZ, AMC, CIP, OFX, CN, MEM, SXT, TET       1       1 
24 CIP, OFX, MEM, SXT, TET       1 2   1   2 
25 CRO, CAZ, CIP, OFX, CN, SXT, TET       1 1 7  5 1 1 6 
26 CRO, CAZ, CIP, OFX, SXT, TET       1       1 
27 CRO, CIP, CN, SXT, TET.        1      1 
28 AMC, CIP, SXT, TET        4      1 
29 CRO, CAZ, OFX, CN        1      1 
30 CRO, CAZ, AMC, CIP, OFX, CN, MEM        1      1 
31 CRO, CAZ, CIP, OFX, CN, MEM         1     1 
32 CRO, CAZ, CIP, OFX, CN, SXT, TET         1     1 
33 CRO, CAZ, AMC, CIP, OFX, SXT, TET         1     1 
34 CRO, CAZ, AMC, CIP, OFX, MEM, TET         2 1   1 3 
35 CRO, CAZ, AMC, CIP, MEM, SXT, TET          2    1 
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  Source code  
S/No. Patterns of antibiotic resistance A B C D E F G H I J K L D/S Total 
36 CRO,CAZ,AMC, CIP,CN,TET          1    1 
37 CRO, CAZ, AMC, CIP, OFX, CN, MEM, SXT          1    1 
38 CRO, CAZ, CIP, OFX, CN, MEM, SXT, TET         1     1 
39 CAZ, AMC, CIP, OFX, CN, SXT, TET          2    1 
40 CRO, CIP, OFX, CN, SXT, TET          1    1 
41 CRO, CAZ, AMC, CIP, OFX, CN, MEM, SXT          1    1 
42 CRO, AMC, CIP, OFX, CN,  SXT, TET          1    1 
43 CIP, OFX, CN, SXT           2 3 1 3 
44 CRO, CAZ, AMC, MEM, TET           1   1 
45 CRO, CIP, OFX, SXT           1   1 
46 CRO, AMC, CN, SXT            1  1 
 Total number of patterns in each farm 3 3 3 4 6 3 7 8 6 9 6 4 4  

Key: OFX=Ofloxacin; CIP=Ciprofloxacin; GN=Gentamycin; AMC= Amoxycillin-Clavulanic Acid, CRO = Cefriaxone; MEM=Meropenem; CAZ= Ceftaxidime, TET= Tetracycline, SXT= 
Trimethroprim/Sulfamethoxazole 

 
Table 6. Natural water sources located within the area of study and their uses 

 
No Water bodies Types    Percentage of use of the water bodies (%) Previous history of diarrhea 

attributable to water use 
   Fishing Domestic Farming Recreational Construction Religious None  
1 Ogudu Stream    - 1 (10) 3 (30) 2 (20) 2 (20) 2 (20) - 2 (20) 
2 Igemo Spring   - 1 (10) - - - - 9 (90) - 
3 Apalogbo I Stream 2 (20) 1 (10) 3 (30) - 3 (30) - 1 (10) 1 (10) 
4 Apalogbo II Stream 1 (10) 3 (30) 1 (10) 5 (50) - - - 3 (30) 
5 Ijokole Stream - 3 (30) 5 (50) - - - 2 (20) - 
 Total  3 (6) 9 (18) 12 (24) 7 (14) 5 (10) 2 (4) 12 (24) 6 (12) 

Key: A-L (farm code), 1-Ogudu stream, 2-Igemo spring, 3-Apalogbo (I stream), 4-Apalogbo (ii) stream, 5-Ijokole stream 
* Total number of respondents is 50 
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Table 7. Spearman’s statistical correlation of antibiotics consumption and resistant profile 
 

Antibiotics Frequency of use (%) rs Resistant profile (%) rs Market survey (%) 
Cotrimoxazole 6 (50)  

 
 
 
 
 
 
rs (0.866) 

73 (77.7)  
 
 
 
 
 
 
rs (0.500) 

1 (100) 
Tetracycline 5 (41.7) 73 (77.7) 2 (100) 
Gentamycin 3 (25) 68 (72.3) 2 (100) 
Enrofloxacin 2 (16.7) NT 2 (100) 
Erythromycin 2 (16.7) NT 2 (100) 
Streptomycin 2 (16.7) NT 1 (50) 
Neomycin 2 (16.7) NT 2 (100) 
Colistin 2 (16.7) NT 1 (50) 
Metronidazole 1 (8.3) NT NS 
Chloramphenicol 1 (8.3) NT 1 (50) 
Ceftriazone NA 60 (63.8) NS 
Ceftazidime NA 56 (60) NS 
Amoxycillin-clavulanate NA 68 (72.3) NS 
Ciprofloxacin NA 82 (87.2) NS 
Meropenem NA 38 (40.4) NS 
Ofloxacin NA 78 (83) NS 
Penicillin NA NT 1 (50) 
Tylosine 1 (8.3) NT 1 (50) 

Keys: NA – not administered, NS not sold, NT- not tested, rs- Spearman’s correlation coefficient 
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There was a predominance of multiple antibiotic-
resistant bacteria on the poultry farms than 
resistance to single antibiotics. This finding 
agrees with the assertions of [21], that antibiotic 
use eliminates susceptible bacterial populations 
and selects wild strains that continue to grow in 
its presence through a Darwinian selection 
process. The resistant variants multiply and 
become the predominant bacterial population. 
Infection with this multiple antibiotic-resistant 
bacteria that evade treatment may threaten 
humans and health institutions if the spread-
sources are not checked.  
 
The isolates were resistant to some antibiotics 
used for treatment, including meropenem, 
amoxycillin-clavulanate, and the cephalosporins 
that were not administered on the farms. The 
observed resistance might be caused by 
treatment with antimicrobial substances that are 
chemical analogs with similar modes of action or 
class to the administered antibiotics. Resistance 
of the isolates to the fluoroquinolones 
(ciprofloxacin and ofloxacin) was the highest. 
The high level of resistance might be associated 
with the availability and use of enrofloxacin and 
its use for therapy. In contrast, resistance to 
meropenem was the lowest (40.4%), and this 
may be due to the non-availability of the 
antibiotic in tablet form on the counter. 
Conversely, [22] reported that the percentage 
resistance of E. coli from human origin to 
carbapenemase in most European countries was 
less than 1% except Belaraus, with a higher 
range of 10% - 25%. Also, the level of resistance 
of E. coli from poultry and human sources in Iran 
to meropenem was reported to be 20% and 60%, 
respectively [23]. 
 
The observed multiple antibiotic resistant profiles 
were pattern oriented with duplication of similar 
patterns in different farms. This result is 
consistent with the statistical findings of [24] on 
the predominance of multiple antibiotic-resistant 
profiles than resistance to a single antibiotic. It 
was observed that antibiotic resistance was 
pattern-oriented and similar patterns were 
replicated in different farms. Treatment failure 
may arise in poultry if a narrow spectrum of 
antibiotic is administered for therapy without an 
antibiotic susceptibility test that details the 
antibiotic-resistant patterns. Patterns 2 
(AMC.CIP, OFX, CN, SXT, TET) and 23 (CRO, 
CAZ, AMC, CIP, OFX, CN, MEM, SXT, TET) had 
the highest frequency with a spread in six 
different farms. Fluoroquinolone, sulfonamide, 
and tetracycline were common to both patterns. 

These antibiotic classes may become in-efficient 
both in human and veterinary medicine when 
used to treat infections caused by the bacteria 
above. 
 

The documented incidence of diarrhea in some 
respondents may be linked to human exposure 
to contaminated water. Human activities 
involving water use for religious, domestic, 
recreational, fish farming, and construction 
works, together with poor poultry waste disposal 
options can expose man to soil, and water 
contaminated with multiple antibiotic-resistant 
bacteria from poultry. This finding is consistent 
with [25] that antibiotic-resistant bacteria may 
reach humans indirectly along the food chain 
through consumption of contaminated food and 
direct contact with infected animals. 
 

The strong positive Spearman correlation 
between antibiotic treatment and the resistant 
profile of bacteria suggests a directly proportional 
relationship between antibiotic treatment on the 
farm and bacterial resistance to antibiotics. 
Besides, there was also a strong positive 
relationship between level of antibiotics-presence 
from market survey and resistant profile of the 
isolates. Though both data on antibiotic 
treatment and that from market survey are 
positively related to antibiotic resistant profile of 
isolates, there is an indication that data on 
antibiotic treatment on the farm are more related 
to resistance of bacteria than those obtained 
from market survey. This result contrasts the 
finding of [19], who recorded a negative 
Spearman correlation coefficient, rs (8) = - 0.243 
between antibiotic treatment and antibiotic-
resistant profile of isolates. The difference may 
be due to the sample size of the antibiotics used 
for both therapy and antibiotic susceptibility test.  
 

CONCLUSION 
 

The development and spread of multiple 
antibiotic-resistant bacteria of poultry origin are 
primarily attributed to poor antibiotic formulation 
policy, crude antibiotic treatment on poultry 
farms, and indiscriminate supply of antibiotics to 
untrained poultry personnel. The effectiveness of 
the super drugs used for the treatment of 
superbugs in poultry birds may be undermined if 
policies on the antibiotic formulation, dispensing, 
and therapy are not reviewed. 
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