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ABSTRACT 

To investigate Eschericia coli infections in poultry flocks, 291 tissue samples from 237 
necropsied carcasses submitted from ninety-nine (99) poultry flocks in north central 
Nigeria were analysed. These flocks comprised layer chicken, broiler, pullet, cockerel, 
turkey, quail, guinea fowl and ducks. Tissue samples were pre-enriched in 10 mL 
buffered peptone water media and aliquots were inoculated into selective enrichment 
broth, sub-cultured on Eosin Methylene Blue (EMB) agar and MacConkey agar (MCA) 
and colonies of E. coli was examined based on cultural morphological characteristics. 
Layer poultry and laying quails exhibited reproductive lesions which correlates with 
history of disruption and reduction in egg production. Antibiotics resistance rate was 
significant (p <0.01) with macrolide and penicillin classes being the most resistant 
antibiotics in layers and broiler, while quinolones and aminoglycoside were most 
significantly susceptible (p <0.01). Multidrug resistance (MDR) was found in 56% of the 
E. coli isolates, with high prevalence in younger birds. 

Keywords: AMR, Escherichia coli, Infections, Multidrug resistance (MDR), Poultry-
flocks 

 
INTRODUCTION 

Pathogenic Escherichia coli belong to 
two major groups, which include the 
diarrheagenic E. coli (DEC) and the 
extraintestinal pathogenic E. coli 

(ExPEC) (Cunha et al., 2017; Borgesa et 
al., 2017; Saka et al., 2019; Tonini et al., 
2021). Gastrointestinal infections of E. 
coli are caused by the DEC strains, 
while septicaemias and extraintestinal 
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infections are caused by the ExPEC 
strains (Cunha et al., 2017). Avian 
pathogenic E. coli (APEC), an example 
of ExPEC strains is responsible for 
causing both localized and systemic E. 
coli infection known as avian 
colibacillosis in poultry flocks (Logue et 
al., 2017). The pathological 
manifestation of avian colibacillosis 
include septicaemia (colisepticaemia), 
pneumonia, yolk-sac infection, 
omphalitis, cellulitis, (Kabir, 2010), 
airsacculitis, osteomyelitis and 
peritonitis (Barnes et al., 2008; Dinidu et 
al., 2017), oftentimes leading to death, 
due to virulence gene content and 
antibacterial drug resistance (Laarem et 
al., 2017). Infection of poultry with E. 
coli causes economic losses by reducing 
productivity, egg production, and 
decreases hatching rates and meat 
condemnation during processing, in 
addition to costs of antibiotics use in 
treatment and prophylaxis (Guabiraba 
et al., 2015; Blyton et al., 2015; Geetha et 
al., 2018). Avian colibacillosis used to be 
easily treated with antibiotics, but 
antibiotic resistance is on the increase, 
and complicated (Stella et al., 2016), 
because of multidrug-resistant E. coli 
strains which has limited treatment 
options in both humans and animals 
(Oliveira et al., 2019).  

Antibiotic resistance has become a 
global health problem in humans, 
animals, and the environment (Marshall 
et al., 2011; Faife et al., 2020). It is said 
that resistance is present in all currently 
used antibiotics in human and 
veterinary medicine (Marshall et al., 

2011; Faife et al., 2020). The 
prophylactic, anabolic and 
metaphylactic use of antibiotics, in 
addition to its therapeutic use in food 
animals has resulted in the emergence 
of antibiotic resistant bacteria of 
zoonotic and ingestible transmission 
(Todar, 2022). Sources of resistant 
strains of E. coli have included 
contaminated water and food (Cole et 
al., 2005). In addition, wild birds’ 
intestinal microbiota has been 
implicated to contain multidrug-
resistant (MDR) E. coli (Guenther et al., 
2010; Blyton et al., 2015; Borgesa et al., 
2017), and these birds may serve as 
reservoirs and mechanical vectors of 
antimicrobial-resistant ExPEC which 
can be transmitted to commercial 
poultry and humans (Hubalek, 2004). 
Previous studies have examined avian 
colibacillosis independent of 
antimicrobial resistance and vice versa. 
This present study co-examines 
colibacillosis manifestation in poultry 
species vis a vis the prevalence of 
antimicrobial resistance in poultry 
breeds and species in poultry flocks in 
north central Nigeria, and the 
multidrug resistant patterns in such 
flocks. 

 
 

MATERIALS AND METHODS 
 

Poultry flocks surveyed 
Poultry flocks in some north-central 

states of Nigeria were surveyed of 
combined flock size of one hundred and 
sixty-one thousand and twenty-one 
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(161,021) poultry birds which 
comprised of commercial chicken layer, 
broiler, pullet, cockerel, turkey, quail, 
guinea fowl and ducks. The 99 poultry 
flocks were surveyed between 2007 and 
2014 and located in the north-central 
states of Plateau (86), Bauchi (5), Niger 
(2), Nasarawa (2), Kaduna (1) and 
Abuja (3). 
 
Postmortem Examination 

Postmortem examination was carried 
out on two hundred and thirty-seven 
(237) poultry carcasses comprising of 
commercial layer chicken (94), pullet 
(52), broiler (41), cockerel (5), turkey (4), 
quail (34), guinea fowl (6) and duck (1). 
These carcasses were from ninety-
nine(99) poultry flocks of combined 
flock size of one hundred and sixty-one 
thousand and twenty-one (161,021) 
poultry birds. 
 
Samples for Bacteriological Isolation 

Two hundred and ninety-one (291) 
tissue samples comprising of 
parenchymatous organs of heart, lung, 
liver, spleen, kidneys, yolk sac, 
intestine, and reproductive tracts from 
the 237 poultry carcasses sent for 
bacteriological isolation and 
identification.  
 
Isolation and identification of 
Escherichia coli 

Approximately 1 g of the tissue 
(liver, spleen, lungs, heart, kidney, 
intestine) samples were separately 
minced and placed in 10 mL of buffered 
peptone water (Oxoid, Basingstoke, 

UK) as a pre-enrichment media and 
incubated at 37°C for 18 hours.  
Aliquots from pre-enrichment were 
inoculated into selective enrichment 
broth to make 1:10 sample to broth ratio 
in EC broth (Escherichia coli Broth) 
(Oxoid, Basingstoke, UK). A loop full of 
culture from EC Broth  was subcultured 
by streaking on Eosin Methylene Blue 
agar (EMB) (Oxoid, Basingstoke, UK) 
and MacConkey agar (MCA) (Oxoid, 
Basingstoke, UK). The sub cultured 
plates were incubated at 37°C for 
24hours. The cultured plates were 
examined for the presence of typical 
colonies of E. coli based on cultural and 
morphological characteristics, that is, 
metallic sheen colonies on EMB and 
pinkish lactose fermenting colonies on 
MCA. 
 
Purification of isolates 

The isolates were subcultured onto 
EMB, MCA and nutrient agar (NA) 
(Oxoid, Basingstoke, UK) for isolation 
of pure culture and subsequent 
biochemical characterization. 
 
Biochemical characterization of E. coli 

Characterization of the isolates were 
done using biochemical test methods 
described by Ibrahim et al. (2019) and 
Fredrick (2020). A 24-hour pure culture 
of each isolate was used to determine 
their Gram reaction. The following 
biochemical tests were carried out: 
Indole test, triple sugar iron test, citrate 
test, methyl-red test, Voges-Proskauer 
test, urease test, sugar (trehalose, 
sucrose, inositol, glucose, dulcitol, 
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maltose, mannitol, melibiose, salicin, 
rhamnose and arabinose) fermentation 
test and motility test. Isolates were 
further characterized using Microbact 
20 E (Oxoid, Basingstoke, UK). 
 
Antibiotic Susceptibility Testing 

Antibiotic susceptibility testing 
(AST) was determined using a 
modification of the Kirby-Bauer disk 
diffusion method (CLSI, 2012). The 
antibacterial agents tested include: 
Chlor-Oxytetracycline (OTC) 10μg, 
Tylosin (TL) 10μg, Ciprofloxacin (CIP) 
10μg, Conflox (CX) 10μg, Anicillin (AN) 
10μg, Amoxicillin (AMX) 10μg, Gendox 
(GX) 10μg, Erythromycin (ERY) 10μg, 
Chloramphinicol (CHP) 10μg, Colisitin 
(CLN) 10μg, and Furasol (Fl) 10μg 
which were applied in the test. Eight (8) 
classes of antibiotics were used for the 
study, 1. Quinolones and 
Fluoroquinolones (Ciprofloxacin -Q and 
Conflox -Fq), 2. Penicillin-like 
antibiotics Beta lactam antibiotics 
(Amoxicillin and Anicillin), 3. 
Antimicrobial protein synthesis 
inhibitor (Chloramphenicol), 4. 
Tetracyclines (Chlortetracycline and 
Gendox- doxycycline), 5. Macrolide 
antibiotic (Tylosin and Erythromycin), 
6. Polymyxin (Colistin), 7. 
Aminoglycoside antibiotics (Gendox- 
gentamycin), 8. Nitrofurantoin 
analogue (Furasol-furagin), were used 
for the antimicrobial susceptibility test. 
 
 
 
Standardization of inoculum 

Pure culture of identified Escherichia 
coli from an 18-hour plate culture was 
selected. Sterile wire loop was used to 
pick 2 to 3 colonies of each Escherichia 
coli and emulsified in a tube containing 
5ml of sterile physiological saline. The 
tube containing the bacterial suspension 
was inserted into a sensititre 
nephelometer (TREK Diagnostic 
systems, UK) after calibration. 
Adjustment was made to 0.5 McFarland 
standard. Fifty microliter of the broth 
was transferred into 5 ml of Mueller-
Hinton broth (Oxoid, UK) in a tube 
(CLSI, 2012).  
 
Inoculation of test plates 

A sterile cotton swab was dipped 
into the standardized suspension in 
Mueller-Hinton broth. The dried 
surface of a 20 ml Mueller-Hinton agar 
(Oxoid, UK) plate in a 100 mm 
disposable plate (STERILIN, UK) was 
inoculated by streaking the cotton swab 
over the entire sterile agar surface. The 
antibiotic discs were evenly dispensed 
onto the surface of the inoculated agar 
plate using disc dispenser (Oxoid, UK). 
The plates were inverted and incubated 
at 37°C for 24h. Each plate was 
examined after 24h of incubation. The 
diameters of the zones of complete 
inhibition were measured to the nearest 
whole millimeter, using a Vernier 
caliper. 
 
Statistical method  

The data obtained was visualized 
and descriptive statistics was 
performed using Microsoft Excel 2021 
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to determine the sum, mean, 
frequencies of the samples, perform 
graphical expression of both flock data 
and antimicrobial resistance. The data 
was further subjected to statistical 
analysis using Statistical Package for 
Social Sciences® (SPSS) (Armonk, US) 
and One-way analysis of variance 
(ANOVA) was used to analyze the 
relationship between each antibiotic 
and the different flock type. Statistical 
significance was set at p 
<0.05.Openepi software was used to 
calculate Chi square and P-value. The 
number in each flock type resistance or 
susceptible to each antibiotic was used 
in the analysis.  

 

RESULTS 
 

Poultry flocks survey 
Ninety-nine (99) poultry flocks 

comprised of commercial layer chicken, 
broiler, pullet, cockerel, turkey, quail, 
guinea fowl and ducks (figure 1) were 
surveyed. The 99 poultry flocks were in 
the north-central states of Plateau (86), 
Bauchi (5), Niger (2), Nasarawa (2), 
Kaduna (1) and Abuja (3), and surveyed 
between 2007 and 2014. The breakdown 
showed that 56 commercial layer 
chicken flocks were surveyed, and this 
is the highest frequency of the species 
and breed investigated. The others are 
presented in figure 1.  
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Figure 1. Poultry flock type sampled for Escherichia coli infections 
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Demographic presentation of the 
data 

The combined flock size of the 99 
poultry flocks sampled was one 
hundred and sixty-one thousand 
and twenty-one (161,021) poultry 

birds, and this ranged from 10 birds 
to a maximum of 14,835 birds. Most 
of the flocks sampled (45),were from 
small sized poultry flocks, details 
are shown in figure 2. 

 

Postmortem findings 
A total of two hundred and thirty-

seven (237) carcasses (0.15%) from 
combined flock size of one hundred and 
sixty-one thousand and twenty-one 
(161,021) poultry birds from ninety-nine 
(99) poultry flocks, were submitted and 
necropsied. In the laying hens, ages 16 
to 64 weeks, localized infection of the 
reproductive tract resulted in atresia of 

ovarian follicles, oophoritis, oviduct 
rupture and haemorrhage follicular 
rupture, misshapen follicles, follicular 
congestion and haemorrhage, egg yolk 
peritonitis, soft and pedunculated 
follicles, soft shelled eggs, egg 
bounding, salpingitis (figure 3), and 
delay in egg forming time leading to 
multiple developing egg follicles in 
oviduct. The lesions in commercial 
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Figure 2. Distribution of poultry flock size range sampled for Escherichia coli infections 
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laying quail hens between the ages of 8 
to 40 weeks were similar to the findings 
in laying chickens and were more 
localized to the reproductive tract in 

addition to enteritis and pneumonia. 
The array of postmortem findings is 
listed in table 1. 

 

 
 

 

Figure 3. Postmortem 
examination gross findings, A. 
panophthalmitis (arrow), 
unilateral, broiler. B. cellulitis 
(star), suppurative, cervical, 
commercial layer. C. pericarditis 
(red star), perihepatitis (black star) 
and airsacculitis (arrow), broiler. 
D. Peritonitis, oophoritis, 
salpingitis (star) and egg-
bounding (star), quail. E. egg-
bounding numerous with 
salpingitis, commercial layer. F.  
coligranuloma, multiple, splenitis. 
G.  peritonitis, caseous with egg-
yolk rupture and adhesion. 
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 Table 1. Pathological changes in organ systems of different poultry type 
infected with Escherichia coli. 

Poultry 
type 

Number 
of farms 

Age 
(weeks) 

Number of 
carcass(es) 

System affected Gross Pathological changes 

Layer 55 16-68 94 General, 
Respiratory, 
cardiovascular, 
GIT, 
reproductive, 
renal, and 
immune 

Pallor (3), emaciation (20), pasted vent (12), 
Airsacculitis (17), tracheitis (9), pneumonia 
(24), hydropericardium (2), pericarditis (12), 
enteritis (26), perihepatitis (6), 
hepatitis/hepatic necrosis (25), peritonitis (4), 
peri-splenitis (2), splenitis (16), caecaitis (9), 
oophoritis (3), follicular rupture (4), 
misshapen follicles (2), follicular congestion 
(3), follicular haemorrhage (2), egg yolk 
peritonitis (7), soft and pedunculated follicles 
(9), soft shelled eggs (6), egg bounding (12), 
salpingitis (2), oviduct rupture and 
haemorrhage (2), atretic ovarian follicle (8), 
multiple follicles in oviduct (1), nephritis (12). 

Pullet 16 1-15 52 General, 
Respiratory, 
cardiovascular, 
GIT, renal and 
immune 

Pallor (2), emaciation (3), pasted vent (3), 
Airsacculitis (1), tracheitis (2), pneumonia (5), 
pericarditis (3), enteritis (1), perihepatitis (2), 
hepatitis (1), hepatic necrosis (5), peritonitis 
(1), splenitis (2), caecaitis (1), nephritis (2), 
yolk sac infection (1) 

Cockerel 2 1-9 5 General and GIT Emaciation (3), enteritis (1), hepatitis (1), 
caecaitis (1) 

Broiler 18  41 General, 
Respiratory, 
cardiovascular, 
GIT, renal, and 
immune 

Pallor (1), emaciation (3), pasted vent (3), 
Airsacculitis (3), tracheitis (1), pneumonia (7), 
pericarditis (2), enteritis (7), perihepatitis (3), 
hepatitis (4), hepatic necrosis (3), peritonitis 
(1), splenitis (3), caecaitis (3), nephritis (1), 
yolk sac infection (2) 

Turkey 1 5 4 Respiratory, GIT Pneumonia (2), hepatitis (4), yolk sac infection 
(2) 

Duck 1 8 1 General, 
Respiratory, 
cardiovascular, 
GIT 

Airsacculitis (1), pericarditis (1), enteritis (1), 
caecaitis (1), hepatitis (1) 

Guinea 
fowl 

1 1 6 General Emaciation 

Quail 5 8-40 34 General, 
Respiratory, 
GIT, 
reproductive 

Pasted vent (2), emaciation (1), pneumonia (3), 
hepatitis (3), enteritis (1), follicular rupture (1), 
egg bounding (1). 

 99  237   
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Antimicrobial susceptibility test 
result 

Of the 99 E. coli strains isolated from 
poultry farms, resistance to macrolide 
antibiotic class (tylosin (63.6%) and 
erythromycin (49.1%) was high, 
followed by resistance to penicillin-like 
antibiotics Beta lactam antibiotics- 
Anicillin (52.7%), and Tetracyclines- 
Chlortetracycline (38.2%). Others are 
listed in table 2. The results (table 2) 
showed a high prevalence of multi-
drug resistance (resistance to three or 
more antibiotic classes) in younger 
birds especially broilers and pullets’ 
commercial flock. Tylosin, Anicillin and 
Erythromycin had the highest number 
of E. coli isolates resistance. Highest 
multidrug resistance (MDR) of 8MDR 
wasobserved in fewer E. coli isolates. 

The total MDR resistance is 56 (56%), 
while MDR in layer flocks was 35 
(62.5%), pullet flocks are 6 (37.5%) and 
in broiler flocks is 12 (66.6%). MDR in 
quail flocks is 3 (75%), one quail was 
not tested, while cockerel was 1 (50%), 
guinea fowl was 100 %. 

The most sensitive antimicrobial 
agent (figure 4) for all poultry breeds 
and species is ciprofloxacin 85% 
(84/99), this was followed by conflox 
71% (70/99), gentamicin 62% (62/99) 
and oxytetracycline 37% (37/99). The 
Escherichia coli isolates drug 
susceptibility pattern is presented in 
table 3, while figure 5 and 6, shows 
antibiotic and multidrug resistance. 
Isolates shows an upsurge in resistance 
to Anicillin, Conflux and Erythromycin. 
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 Table 2. Prevalence of antimicrobial resistance of Escherichia coli isolated from different poultry species and breeds 

 

 

 

 

 

 

 

 

Statistics is done within flock type 
* = significant at <0.05 
χ2 = Chi square value, Openepi software was used to calculate Chi square and P-value 
AMX = Amoxicillin; ANI = Anicillin; CHP = Chloramphenicol; CHT = Chlortetracycline; CIP = Ciprofloxacin; COL= Colistin; CON = Conflox; ERY = Erythromycin; GEN = 
Gendox; FUR = Furasol; TYL = Tylosin; OXY = Oxytetracycline 
 

Flock 
types 

Flock 
number 

AMX ANI CHP CHT CIP COL CON ERY GEN FUR TYL OXY P 
value  

χ2 

  Number Resistant (%) within flock types   

Layer   55 0 (0.0) 
29 
(52.7) 

5 
(9.1) 

3 
(5.5) 5 (9.1) 

2 
(3.6) 

9 
(16.4) 

27 
(49.1) 

16 
(29.1) 

23 
(41.8) 

35 
(63.6) 

21 
(38.2) 

<0.01* 150.5 

Broiler  18 1 (5.6) 
12 
(66.7) 

1 
(5.6) 

1 
(5.6) 

3 
(16.7) 

0 
(0.0) 

6 
(33.3) 

10 
(55.6) 7 (38.9) 

8 
(44.4) 

13 
(72.2) 9 (50.0) 

<0.01* 59.15 

Pullet 16 1 (6.3) 
4 
(25.0) 

0 
(0.0) 

0 
(0.0) 

3 
(18.8) 

1 
(6.3) 

3 
(18.8) 7 (43.8) 3 (18.8) 

6 
(37.5) 

11 
(68.8) 6 (37.5) 

<0.01* 41.2 

Quail  5 0 (0.0) 
3 
(60.0) 

0 
(0.0) 

0 
(0.0) 0 (0.0) 

0 
(0.0) 

2 
(40.0) 2 (40.0) 2 (40.0) 

3 
(60.0) 3 (60.0) 3 (60.0) 

0.05 20.0 

Cockerel   2 0 (0.0) 
1 
(50.0) 

0 
(0.0) 

0 
(0.0) 0 (0.0) 

0 
(0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

1 
(50.0) 1 (50.0) 1 (50.0) 

0.57 9.6 

Duck   1 0 (0.0) 0 (0.0) 
0 
(0.0) 

0 
(0.0) 0 (0.0) 

0 
(0.0) 0 (0.0) 

1 
(100.0) 

1 
(100.0) 0 (0.0) 

1 
(100.0) 

1 
(100.0) 

0.36 12.0 

Guinea 
fowl 1 0 (0.0) 0 (0.0) 

0 
(0.0) 

0 
(0.0) 0 (0.0) 

0 
(0.0) 0 (0.0) 

1 
(100.0) 

1 
(100.0) 0 (0.0) 

1 
(100.0) 0 (0.0) 

0.36 12.0 
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 Table 3. Prevalence of antimicrobial susceptibility of Escherichia coli isolated from different poultry species and breeds 

 
Flock types Flock 

number 
ANI CHP CHT CIP CON ERY GEN FUR TYL  OXY 

P value  
χ2 

              

  Number susceptible (%) within flock types 

Layer 55 23 (41.1) 1 (1.8) 6 (10.7) 46 (82.1) 43 (76.8) 21 (37.5) 37 (66.1) 20 (35.7) 3 (5.4) 19 (33.9) <0.01*  175.6 
 

Broiler 18 5 (27.8) 0 (0.0) 0 (0.0) 15 (83.3) 11 (61.1) 6 (33.3) 10 (55.6) 6 (33.3) 2 (11.1) 7 (38.9) <0.01*  52.06 
 

Pullet  16 8 (50.0) 0 (0.0) 0 (0.0) 13 (81.3) 12 (75.0) 5 (31.3) 9 (56.3) 6 (37.5) 1 (6.3) 6 (37.5) <0.01*  52.27 
 

Quail  5 1 (20.0) 0 (0.0) 0 (0.0) 5 (100.0) 2 (40.0) 3 (60.0) 2 (40.0) 1 (20.0) 1 (20.0) 2 (40.0) 0.04* 17.91 

Cockerel   2 1 (50.0) 0 (0.0) 0 (0.0) 2 (100.0) 1 (50.0) 2 (100.0) 2 (100.0) 0 (0.0) 0 (0.0) 1 (50.0) 0.12  13.94 
 

Duck   1 1 (100.0) 0 (0.0) 0 (0.0) 1 (100.0) 1 (100.0) 0 (0.0) 0 (0.0) 1 (100.0) 0 (0.0) 0 (0.0)  0.35 
 

10.0 

Guinea fowl  1 0 (0.0) 0 (0.0) 0 (0.0) 1 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (100.0)  0.35 
 

10.0 

Turkey  1 1 (100.0) 0 (0.0) 0 (0.0) 1 (100.0) 0 (0.0) 1 (100.0) 1 (100.0) 0 (0.0) 0 (0.0) 1 (100.0)  0.35 
 

10.0 

Statistics is done within flock type 
* = significant at <0.05 
χ2 = Chi square value, Openepi software was used to calculate Chi square and P-value 
ANI = Anicillin; CHP = Chloramphenicol; CHT = Chlortetracycline; CIP = Ciprofloxacin; CON = Conflox; ERY = Erythromycin; GEN = Gendox; FUR = Furasol; TYL = 
Tylosin; OXY = Oxytetracycline. 
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 Statistical Analysis 

There was a statistically significant 
difference (p <0.01) in the resistance rate 
of antibiotics among the layers broiler, 
and pullets flock types with tylosin 
(63.6%) been the most resistant antibiotics, 
followed by anicillin (52.7%) and 
erythromycin (49.1%) in laying and broiler 
flock types. Tylosin (68.8%), erythromycin 
(43.8%), Furasol (37.5%), and 
Oxytetracycline (37.5%) were the most 
resistant antibiotics among pullet flocks. 
There was no statistically significant 
difference (p >0.05) in the resistance rate 
of antibiotics among the quail, cockerel, 
duck, and guinea fowl flock types (Table 
2). Ciprofloxacin, conflox, and gendox had 
the highest level of antibiotics 
susceptibility among the laying, broiler, 
and pullets flock types, and the difference 
was statistically significant difference (p 
<0.01). There was a significant difference 
(p=0.04) in the susceptibility rate of 
antibiotics among the quail flock type 
with ciprofloxacin (100.0%), and 
erythromycin (60.0%), being the most 
susceptible antibiotics. The susceptibility 
rate of antibiotics among cockerel, duck, 
guinea fowl, and turkey flock types were 
not statistically significant (p >0.05) (Table 
3). 
 
 

DISCUSSION 
 

The survey of Escherichia coli infections 
in poultry breeds and species (figure 1) in 
five (5) north-central Nigeria states 
investigated revealed small sized poultry 
flocks were mostly affected (figure 2), and 
the infection exhibited an array of 
pathological manifestations and 
multidrug resistance in commercial layer 
chicken, pullets, broiler, and quails. It was 

more colisepticaemic, localizing in several 
systems including respiratory, 
cardiovascular, gastrointestinal, 
reproductive, urinary, and immunological 
as was previously reported (Barnes et al., 
2008;Kabir 2010; Dinidu et al., 2017), most 
of the times leading to death. The 
reproductive tract lesions observed in 
commercial layer chickens and laying 
quails correlates with the history of 
disruption, reduction, and oftentimes total 
cessation in egg production. Although 
ninety-nine(99)E. coli isolates were 
recovered from the 99 sampled poultry 
farms of which 56 isolates were from 56 
commercial laying chicken hens flock and 
18 isolates from 18 broiler flocks while 16 
E. coli isolates were recovered from 16 
pullets’ flocks which formed the bulk of 
the E. coli recovered, the flock size of the 5 
quail flocks represents 5% of the entire 
flock size of the sampled poultry flocks 
and 14% of the entire carcasses examined. 
These array of lesions (figure 3) suggested 
a Pathogenic Escherichia coli i.e 
diarrheagenic E. coli (DEC) and 
extraintestinal pathogenic E. coli (ExPEC) 
infection. The DEC strains are known to 
be responsible for gastrointestinal 
infections and lesions, while ExPEC 
strains are responsible for the coli 
septicaemias and the extraintestinal 
lesions as previously reported (cunha et 
al., 2017). Avian pathogenic E. coli (APEC), 
of ExPEC strains is responsible for causing 
both localized and systemic E. coli 
infection known as avian colibacillosis in 
poultry flocks (Logue et al., 2017). In the 
other poultry breeds (pullets, cockerel, 
broiler) and species (turkey, duck, and 
guinea fowl), the lesions were more 
colisepticaemic affecting the respiratory, 
cardiovascular, gastrointestinal, renal, and 
immunological. Lesions such as enteritis, 
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 airsacculitis, pneumonia, pericarditis, 

hepatic necrosis, and yolk sac infection in 
young chicks were predominant. 
Although, characterization of the E. coli 
isolates from these farms and their 
carcasses were not carried out due to 
limited resources, the pathological 
manifestation of the disease in the poultry 
flocks, their ability to cause death and 
their multidrug resistant properties 
suggests these E. coli isolates to be 
pathogenic Escherichia coli and not 
commensal. Based on the lesions caused, 
these pathogenic Escherichia coli strains 
may be classified as diarrheagenic E. coli 
(DEC) and extraintestinal pathogenic E. 
coli (ExPEC) (Cunha et al., 2017; Borgesa et 
al., 2017; Saka et al., 2019; Tonini et al., 
2021). Gastrointestinal infections of E. coli 
are caused by the DEC strains (Cunha et 
al., 2017), and the diarrhoea seen in the 
DEC is because of enteritis leading to 
malabsorption in the large intestine and 
increase intestinal motility, resulting in 
the clinical syndrome known as diarrhoea. 
All the poultry breeds and species except 
the turkey showed lesion of enteritis, 
hence were diarrhoeic. Extraintestinal 
pathogenic E. coli (ExPEC) is responsible 
for septicaemias and extraintestinal 
infections (Cunha et al., 2017), and the 
lesion in these poultry breeds and species 
suggests infection by ExPEC Avian 
pathogenic E. coli (APEC) strains, which is 
responsible for causing both localized and 
systemic E. coli infection known as avian 
colibacillosis in poultry flocks (Logue et 
al., 2017). ExPEC strains have been known 
to presents higher resistance profiles, 
when compared to commensal E. coli 
isolates (Cyoia et al., 2015).  

Of the eight classes of antibiotics used, 
resistance to macrolide antibiotic class 
(tylosin (63.6%) and erythromycin 

(49.1%)) were high, followed by resistance 
to penicillin-like antibiotics Beta lactam 
antibiotics- Anicillin (52.7%), and 
Tetracyclines- Chlortetracycline (38.2%). 
Antimicrobial use and abuse in the blind 
treatment of poultry bacterial infections is 
known to increase antibiotic resistance, of 
which multidrug resistance is a common 
place in Escherichia coli infections. Highly 
pathogenic and multidrug resistant strains 
(figure 5& 6) have been associated with 
APEC isolates, from several avian species, 
including broilers, laying hens, helmeted 
guineafowl, turkeys, and urban pigeons 
(Silveira et al., 2016; Silva et al., 2017; Borzi 
et al., 2018; Hoepers et al., 2018; Cunha et 
al., 2019). The sources of these pathogenic 
strains can be hypothesized, to limit the 
spread of multidrug resistance, in 
addition to the suggestion by 
(Chakraborty et al., 2015). Sources of 
resistant strains of E. coli have included 
contaminated water and food (Cole et al., 
2015). Food animals and their production 
environments are known reservoirs of 
both resistant bacteria and resistance 
genes (Marshall and Levy, 2011; WHO 
2021) due to the spread of animal waste 
on land (Heuer and Smalla, 2007; Gosh 
and LaPara, 2007). In addition, wild birds’ 
intestinal microbiota has been implicated 
to contain multidrug-resistant (MDR) E. 
coli (Guenther et al., 2010; Blyton et al., 
2015; Borgesa et al., 2017), and these birds 
may serve as reservoirs and mechanical 
vectors of antimicrobial-resistant ExPEC 
which can be transmitted to humans and 
commercial poultry (Hubalek, 2004). This 
study revealed that most of the E. coli 
isolates recovered from all poultry breeds 
and species were highly sensitive to the 
quinolone class of antibiotics, 
Ciprofloxacin (85%) and Conflox (71%), 
followed by aminoglycoside-gentamicin 
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 (62%) and Tetracycline- Oxytetracycline 

(37%), as presented in figure 4. The 
resistance prevalence of E. coli to 
quinolone-ciprofloxacin in this study are 
18.8% in broilers and 16.7 % in pullets, in 
fact, the most susceptible antibiotics to E. 
coli in our study is quinolone-
ciprofloxacin. This finding is at variance 
with the report of Faife et al. (2020) in 
Mozambique, who found that resistance 
prevalence to ciprofloxacin was 70%, 
which was like the resistance prevalence 
of 70.4% reported by Ghodousi et al.(2015) 
and lower resistance of E. coli to 
ciprofloxacin in retail broiler chicken in 
Italy (88. 8%). Reich et al. (2013), found a 
resistance prevalence of 39% from German 
retail outlets selling poultry of Italian 
origin. Although, a study in the 
southwestern states of Nigeria (Adelowo 
et al., 2014), revealed a 42% resistance to 
ciprofloxacin, this finding still reflects a 
lower resistance to ciprofloxacin in 
Nigeria, which corroborates our finding of 
low ciprofloxacin resistance by E. coli 
isolates from northcentral Nigeria. Laarem 
et al. (2017), also reported a 72% E. coli 
resistance against ciprofloxacin (72%) 
contrary to our findings of less than 20%. 
Macrolide class- (Tylosin, and 
Erythromycin) and penicillin- Anicillin 
had the highest number of E. coli isolates 
resistance, as shown in figure 7. This 
study also found a 21% resistance against 
Oxytetracycline contrary to 96.6% 
resistance against tetracycline (Laarem et 
al., 2017). In this study the resistance 
against Amoxicillin was less than 10% 
contrary to the 65.5% reported by Laarem 
et al. (2017). Isolates shows an upsurge in 
resistance to macrolide (Tylosin and 
Erythromycin) and penicillin (Anicillin) 
antibiotics classes (figure 7). High 
multidrug resistance of 8DR (figure 4) was 

seen in an E. coli isolates, and a high 
prevalence of MDR in younger birds 
especially broilers and pullets’ commercial 
flocks. The total MDR resistance is 56 
(56%), while MDR in layer flocks was 35 
(62.5%), pullet flocks is 6 (37.5%) and in 
broiler flocks is 12 (66.6%). MDR in quail 
flocks is 3 (75%), one quail was not tested, 
while cockerel was 1 (50%), guinea fowl 
was 100%. 

Antibiotic resistance in food animals 
especially poultry and its products 
present a more dangerous threat to 
human health. The poultry sub-sector is 
considered a potential reservoir of Gram-
negative bacteria which can be acquired 
by humans contact or ingestion of 
contaminated meat (Leverstein van Hall et 
al., 2011). E. coli from poultry is a potential 
hazard to humans from the antimicrobial 
resistance standpoint (Leverstein van Hall 
et al., 2011; Diercke et al., 2014). Antibiotic 
resistance has become a global health 
problem in humans, animals, and the 
environment (Marshall and Levy, 
2011;Faife et al., 2020). It is said that 
resistance is present in all currently used 
antibiotics in human and veterinary 
medicine (Marshall and Levy, 2011;Faife 
et al., 2020). The prophylactic, anabolic 
and metaphylactic use of antibiotics, in 
addition to its therapeutic use in food 
animals has resulted in the emergence of 
antibiotic resistant bacteria of zoonotic 
and ingestible transmission (Todar, 2022).  
 

 
CONCLUSIONS 

 
This study was able to show the 

pathological manifestation of E coli 
infection viz a viz the antimicrobial 
resistance in different poultry breeds and 
species from various poultry farms in 
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 northcentral Nigeria states and 

demonstrates, the resistance significance 
level among the laying chickens, broiler, 
and pullets flock and show the importance 
of antimicrobial susceptibility tests to 
combat AMR in poultry. The pathological 
manifestation of E. coli infection viz a viz 
the antimicrobial resistance to macrolides 
antibiotics was significant for laying 
chickens, broiler, and pullets’ flocks in 
north central Nigerian States. 
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