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Infections associated with Avian Pathogenic E. coli are responsible for huge economic losses for poultry
industry worldwide. Particularly, its association with colibacillosis, a complex syndrome which is
characterized by lesions of multiple organs i.e. peritonitis, pericarditis, air Sacculitis, osteomyelitis, salpingitis
and yolk sac infections is responsible for high mortality and morbidity. Moreover, it causes respiratory tract
infections among poultry birds, followed by septicaemia. Liver samples were collected from commercial
poultry birds from the various retail shops located in Peshawar City. Bacteria were identified by biochemical
and molecular methods. Out of all the tested isolates n=85, 98% were identified as Avian Pathogenic E. coli
(APEC). Identified APEC samples were further tested against 23 different antibiotics including amoxicillin
(89.40%), levofloxacin (62.40%), ciprofloxacin (71.80%), tobramycin  (14.10%), gentamycin
(34.10%),neomycin (53.00%), streptomycin (81.00%), tigecyclines (0.00%), oxytetracyclines (96.50%),
doxycycline (61.20%), nitrofurantoin (1.00%), chloramphenicol (63.50%), cefixime (7%), cefepime
(4.70%), ceftazidime (8.30%), cefotaxime (8.00%), cephalothin (43.50%), trimethoprim, sulfamethoxazole
(77.60%), lincomycin (100%), augmentin (4.70%), carbapenem (4%) and polymyxin B (15%). Out of all n=85
isolates 99.9% were multi-drug resistant. Furthermore, ESBL encoding TEM, OXA, SHV were detected in
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following percentages 53.60%, 19.50%, 9.70% respectively genes
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INTRODUCTION

Escherichia coli (E. coli) is rod shaped, gram negative,
coliform bacterium of genus Escherichia which is commonly
found in lower intestine of warm blooded organisms. Cells are
about 2.0 ym long and 0.25-1.0 ym in diameter, with a cell
volume of 0.6-0.7 um3. Most of the environmental E. coli
strains are harmless, but some can cause severe food
poisoning in their hosts, and are responsible for product recalls
due to food contamination. The harmless strains are the part of
the normal flora of the gut, and can benefit their hosts by
generating vitamin K2, and help in avoiding colonization of the
intestine with pathogenic bacteria, having a symbiotic
relationship. E. coli is excluded into the environment within
fecal matter. The bacterium grows immensely in fresh fecal
matter under aerobic conditions for 3 days, but its numbers
decline slowly later.

E. coli can be divided into two group’s i-e commensals and
pathogenic. The pathogenic group is further divided into two
other subgroups: diarrheagenic E. coli (DEC) and extra
intestinal pathogenic E. coli (ExPEC). The DEC further
characterized into six pathotypes, among them the most
prevalent enteroaggregative E. coli (EAEC) is an
important pathogen associated with diarrhea (1). The

EXPEC pathotype is further classified in six main sub
pathotypes: uropathogenic E. coli (UPEC), avian pathogenic E.
coli (APEC), mammary pathogenic E. coli (MPEC), sepsis/new-
born meningitis associated E. coli (NMEC), sepsis-associated
pathogenic E. coli (SePEC), and endometrial pathogenic E. coli
(EnPEC). The DEC pathotypes is classified into eight other sub
pathotypes: enterotoxigenic E. coli (ETEC), entero pathogenic
E. coli (EPEC), entero haemorrhagic E. coli (EHEC), diffusely
adherent E. coli (DAEC) and enteroinvasive E. coli (EIEC).
Poultry have an extensive history and while tracing the origin,
many variations are seen (2). For many years, poultry and man
have coexisted. Humans mostly use them as a source of food
i.e. eggs and meat.

Human body require macronutrients i-e carbohydrates, fats
and proteins, but these nutrients must be consumed in
balanced form as it is necessary for healthy lifestyle. Meat is
the best source of protein in the diet because it has all the vital
amino acids which are essential for enzyme and protein
synthesis in the body (3).

E. coli is native colonist of gastrointestinal tracts of human
and animals (warm blooded). Extra intestinal E. coli reports for
bulk of 85% of infections of urinary tract (UITs) in humans and
is the major etiology of community-acquired UTIs (4). Meat,
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which is sold on grocery stores especially poultry meat was
found to be carrying E. coli (5). Variety of foods is
probablesource of Shiga Toxin producing E. coli (STEC).
Poultry meat largely get contaminated with E. coli during
massacring, due to poor handling in processing of meat, cross
contamination and contamination may occur from human to
food through handlers. E. coli has been developed worldwide
from chicken meat. It might be caused by increased use of
antibiotics (6). E. coli is incubated in 72-120 hours and the
clinical signs are comprised of diarrhea which after few days’
converts into bloody diarrhea, abdominal cramps, fever may
absent. The clinical marks of E. coli septicemia are mainly
referred to bacteremia, toxemia and the consequences due to
localization of bacteria at multiple tissue spaces throughout the
host body (7).

Antibiotics also known as antimicrobial drug can be natural,
synthetic, semi-synthetic and these drugs are used against
bacterial infections and diseases, through different routes i.e.
parental, oral or topical (8). These are often used in poultry
settings as a growth promoter because of prevention through
diseases and increase feed efficiency. When antibiotics use as
growth promoter, it increases the feed efficacy and increases
the standards of poultry industry as well and these things allow
the person to get the standard chicken meat and eggs at
reasonable rate. And its use has also enhanced the physical
condition by reducing the disease incidence. In spite of all
these positive factors, unfortunately poultry meat contains high
concentration of drug residues which cause antibiotic
resistance (9). Antibiotics are mainly used in poultry sector as
anaphylactic agents and aherapeutic agents. The exact
mechanism of antibiotics through which they enhance the
growth is still not known but many mechanisms are proposed,
such as: (i) other competitive organism is eradicated so enough
nutrients are there, (ii) nutrients are absorbed more capably by
intestinal epithelium, (iii) number of strong pathogenic
microorganisms are less which are responsible for subclinical
diseases, (iv) production of toxins by microflora of intestine is
lessened (10). Major classes of antimicrobial agents
(antibiotics) which are used in poultry include penicillin (11),
aminoglycosides, cephalosporins, macrolides (e.g. tylosin,
erythromycin), sulfonamides, quinolones/fluoroquinolones and
tetracycline (12).

The use of antibiotics has a vital role in the development of
bacterial resistance against number of antibiotics. Antibiotics
which are used in agriculture field are a big reason of antibiotic
resistance. The fact regarding the high antibiotic resistance due
to misuse of antibiotics in the animal farm and poultry is ignored
(23). Increased contact to antimicrobial drugs which is used for
disease prophylaxis and treatment, and growth promotion of
intestinal microbes is one of the reason for the appearance of
resistant strains (14). Rather than treating with diseases, 90%
of the drugs used as growth promotors. Resistant organisms
emerge from agricultural settings and enter into human
settings, thus forming trans-border resistance. Antibiotic
resistance is in fact a defensive tool which is used by those
bacteria which generate antibiotics to defend themselves from
their own harmful and dangerous products and for protection by
other microorganisms. Resistance can be transfer from one
organism to other and also can be develop by mutation and
then these strains having resistance spread in population and
become dominant. The rate of antibiotics resistance is high in
the pathogenic and commensal bacteria, if more antibiotics are
used. I-e direct relation of antibiotics and antibiotics resistance
(8).

The enteric bacteria which are resistant, isolated from
poultry seeking attention because of the direct and indirect
effect on human health e-g by increasing both mortality and
morbidity, and indirect effect include the treatment costs of the

diseases caused by resistant bacteria (15). Humans keep high
risk due to contact to these resistant pathogens from animals
through direct contact by using contaminated food and water
and also the contact to other infected humans. The resistant
determinant which is present in animals also contaminate the
meat which is taken from them (8). AB resistant epidemiology is
generated by the concern of transmitting drug resistant food
borne bacteria to human settings by eating food that is
contaminated with strong pathogen or by direct or indirect direct
contact with animals, which contributing towards human
illnesses with higher rates of treatment failures (16).

Antibiotic resistance can be transferred by many
mechanisms from bacteria to daughter bacteria and to
members of same or different species. Two sites are present in
bacteria where encoding of genotypic traits of antibiotic
resistance is done. These sites are Chromosomes, extra
chromosomal i.e. plasmids. Only some bacteria are sensitive to
antibiotics while others are not. Generally, there are three
requisites of sensitivity i.e. Mechanism of entrance into
bacteria, absence of drug modifying and inactivating enzymes.
Any type of alteration in above mentioned site could make
sensitive bacteria to resistant. Plasmids are Extrachromosomal
genetic elements can cause antibiotic resistance in bacteria
specially R-plasmids or R-factors. Among many species of
bacteria specially pathogens of livestock and humans, these
plasmids are widely distributed. Few of them are also
responsible for transferring antibiotic resistance among species
belonging to different genera. Several mechanisms are present
for conferring antibiotic resistance in R-plasmids. These
mechanisms include, Modification of the metabolic pathways
resulting in circumvention of antibiotic effects, Inactivation of
the drugs by encoding such enzymes that can change its
chemical composition, Decrease in binding capacity of drug by
alteration in its target site, Reduction in the accumulation of
drug inside the cell by altering the permeability of cell or by
efflux of the drug actively. These mechanisms of antibiotic
resistance are usually determined by same plasmid that can be
transmissible or in transmissible. Hence, the chances of
survival of bacteria in the presence of different microbial agents
can be increased by resistance genes present in R-plasmids
resulting in development of evolutionary pressure chiefly due to
utilization of antibiotics. This consequently causes in
distribution and acquisition of resistance genes by R-plasmids
to several antibiotics.

Virulence factors of APEC are adhesion, Type-1 fimbriae, P
fimbriae, Curli fimbriae, S-fimbriae, Capsule, Colicin,
Temperature sensitive hemagglutinin (TSH), Iron acquisition
system (Iron is needed by bacteria by bacteria for several
biological reactions e-g electron transport, production of
nucleotides, peroxides reduction. And for survival of bacteria)
and Serum resistance (It is a significant factor contributing to
APEC virulence factor and is chiefly contributed by K1 capsular
polysaccharide. Bacterial capsules, lipopolysaccharides,
colicins and outer membrane proteins are structures of bacteria
mediating them in resistance to complement) (17). Toxins
(Enterotoxins,  temperature  liable  toxins,  verotoxins,
temperature stable toxins and vacuolatiny toxins are some of
the examples that are synthesized by APEC).

METHODOLOGY OF THE STUDY
Sampling

Total 110 chicken livers were collected from various shops
of Peshawar, Pakistan. The shops were located in different
areas of Peshawar city. Firstly, areas were selected according
to the population then one or two poultry chops were randomly
selected for sampling from each selected area. These liver
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samples were collected in sterile and tightly covered falcon
tubes, and were taken to the laboratory in a cool bank for
further processing.

Isolation of E. coli from Chicken’s Liver

Frozen samples were then allowed to thaw at room
temperature for some hours and then transferred to 50ml Brain
Heart Infusion (BHI) broth present in another set of purified
falcon tubes. BHI broth having liver samples was incubated for
24hours at 37 °C. After incubation 500 pl of inoculum was
moved to MacConkey agar plates, and then these plates were
incubated at 37 OC for 18-24hour. Then colonies which seemed
to be E. coli were transferred to MacConkey agar for more
purification. Then these purified cultures were stored for small
duration of time on MacConkey agar plates and slants having
nutrient agar. While long term storage was achieved by glycerol
preservation method (GPM) at 200° C.

Identification of E. coli

Initial identification of E. coli was done by morphological
identification (on MacConkey agar), Gram Staining and by
lactose fermentation on MacConkey agar. It has also been
identified by Eosin Methylene Blue agar (EMB) to distinguish it
(E. coli) from shigella and salmonella as well as from other
Gram negative and lactose fermenting bacterial species.
Further E. coli was identified by biochemical testing such as
indole test, urease test, citrate test and triple iron sugar test.

Antibiotic susceptibility testing (AST)

Once E. coli has been confirmed morphologically and
biochemically so it is subjected for antibiotic susceptibility
testing against 23 antibiotics (AB) commonly used in humans
and poultry. Drugs belonging to different classes were:
Fluoroquinolones include levofloxacin (LEV 30ug) and
ciprofloxacin (CIP 30ug). Penicillin include amoxicillin (AML
30ug) and ampicillin (AMP 30ug), Aminoglycosides include
gentamycin (CN 30ug) and tobramycin (TOB 30ug), neomycin
(N 30upg) and streptomycin (S 30ug), Tetracycline’s include
doxycycline (DO30ug), tigicycline (TGC 30ug),
oxytetracycline(OT 30ug), phenicoles include chloramphenicol
(C30ug), cephalosporins cefexime (CFM 30ug), cefotaxime
(CTX 30pg) and cephalothin (KF 30upg) ,cefepime (FEP
30ug),ceftazidime (CAZ 10ug), and nitrofurans include
nitrofurantoin  (30ug) Folate pathway inhibitors contain
trimethoprim Sulfomethaxazole (SXT 30ug) ,Lincosamides
include lincomycin (MY 30ug),B-lactamase inhibitors contain

augmentin  (AUG 30ug), polymixin include polymixin b
(PB30ug). Carbapenems(10ug) include imipenem and
meropenem. Antibiotic susceptibility testing was done

according to CLSI guidelines 2015 by disc diffusion assay.

Antibiotic Discs

Antibiotic discs of oxoid (UK) were used, having different
classes: fluoroquinolones include levofloxacin (LEV 30ug) and
ciprofloxacin (CIP 30ug) , penicillins include amoxicillin (AML
30pg) and ampicillin (AMP 30pg), aminoglycosides include
gentamycin (CN 30ug) and tobramycin (TOB 30ug), neomycin
(N 30pg) and streptomycin (S 30ug), tetracyclines include
doxycycline (DO30upg), tigicycline (TGC 30u9),
oxytetracycline(OT 30ug), phenicoles include chloramphenicol
(C30pug), cephalosporins cefexime (CFM 30ug), cefotaxime
(CTX 30ug) and cephalothin (KF 30ug), cefepime (FEP 30ug),
ceftazidime (CAZ 10ug) and nitrofurans include nitrofurantoin
(30ug), folate pathway inhibitors contain trimethoprim
sulfomethaxazole (SXT 30ug), lincosamides include lincomycin

(MY 30ug), B-lactamase inhibitors contain augmentin (AUG
30u9), polymixin  include  polymixin b  (PB30ug),
carbapenems(10ug) include imipenem and meropenem. And
according to recommendations the working discs were kept at
2-8" C while discs without working to be stored at -20° C, and
discs were placed at room temperature one hour prior to use.

MDRs ldentification

Total 11 classes of antibiotics were used comprising
different antibiotics. E. coli isolates were reported to MDRs
(multi drug resistant) when they showed resistance to at least 3
or more than 2 classes of antibiotics.

Molecular Identification

Morpho-cultural and biochemical identification was followed
by highly authentic and precise molecular identification. For
molecular identification, a series of steps and techniques were
done, i-e: starting from DNA extraction to PCR and then finally
gel electrophoresis.

Then the isolation of E. coli from media was done by pellet
formation. Genomic extraction of DNA was done by phenol
chloroform DNA extraction which was followed by DNA
estimation and quantitation techniques. Molecular detection of
E. coli was performed by PCR optimization techniques.
Detection of TEM gene, OXA gene, SHV gene and PSE gene
had done under PCR specified conditions and optimization
followed by agarose gel electrophoresis.

Data Analysis
SPPS and SEM (Smart PLS) was used to analyze the data.

RESULTS

After collection and isolation of E. coli on MacConkey agar
media. Round and pink colonies of E. coli were obtained.
Morphological identification of E. coli has confirmed the
identification by giving gram negative rods (gram staining),
green metallic sheen on EMB media and round pink colonies
on lactose fermentation MacConkey agar. Biochemical testing
(citrate test, indole test, urease test, and TSI test) confirmed the
presence of E. coli by giving results favoring E. coli
identification. Antibiotic susceptibility testing revealed resistant
and sensitive strains of E. coli against carbapenem.MDR
pattern of APEC shows resistant patterns of E. coli against
penicillin,  fluroquinoiones, aminoglycosides, tetracycline,
nitrofurans, phenicols and cephalosporins (Fig. 1). E. coli had
also showed resistance against folate pathway inhibitors, Beta
lactamase inhibitors, polymixins and carbapenam.
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Fig. 1. APEC resistant patterns against different antibiotics
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Multidrug Resistant (MDR) E. coli

Among 85 isolates, 84 (98.9%) are reported to be MDR,
because they display resistance to 3 or more than 3 classes of
antibiotics (Fig. 2).

Screening of ESBLs genes have been done by plasmid
DNA extraction (Fig. 3 and 4). Bands of plasmid DNA were
observed on gel. TEM gene were detected and its ladder and
bands were observed on gel. Other genes i.e. OXA gene, SHV
and PSE genes were also detected on gel in the form of band
and ladder. All gene have been detected on 2% agarose gel.
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Fig. 2. Pie chart shows % of MDRs and non MDR.
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Fig. 3. Graph showing coexistence of two ESBLs genes.

Fig. 4. Graph showing prevalence of ESBL genes.

DISCUSSION

Avian pathogenic E. coli (APEC) is an important source of
transmission of diseases and antibiotic resistance and hence a
big cause of economic loss in poultry industry. Out of 110
samples of chicken liver 85 (77%) were positive for E. coli
which is a big percentage. The presence of E. coli in meat is
not only an infectious dose for handler and consumer but also a
potential source of cross contamination. Our results are
supported by different studies e-g a research held in Bangkok
in 2014 showed that 38 out of 152 (25%) samples were
confirmed with E. coli (18). Another study from Vietnam
conducted in 2014 showed the confirmed presence of E. coli i-e
(19).

One research from Iran showed that 57 out 360 (15%) chicken
samples were found to be contaminated from E. coli (20). The
difference of percentages might be due to different
geographical conditions. Another study from Nigeria showed
the 43.4% prevalence of E. coli (21). Similarly, a study at
Helsinki in 2012 showed that E. coli was isolated from 207 out
of 219 (94.5%) poultry meat products (22). A study conducted
by Alexandria University Egypt showed that 68% of the
samples of chicken meat were found to be having E. coli (23).
A study conducted by University of veterinary and animal
sciences (UVAS) Lahore Pakistan in 2016 showed that out of
200 samples of cloacal swabs 126 (63%) were found to be
confirmed with E. coli (18). A research from India showed the
occurrence of 74 different bacteria in 110 raw meat samples
and the prevalence of E. coli is 98%. It is supposed to be
considered that poor handling of animal carcass and meat and
use of contaminated water and instruments as well as cross
contamination from environment is the major reasons of
contamination of poultry meat with E. coli. So, poor handling
can be a reason of different prevalence rate of E. coli in
different studies. In our study from 85 samples of chicken liver
83 were found to be multi drug resistance (MDRs). And it is
obviously because of the frequent use of antibiotics as growth
promoters and anaphylactic agents in poultry industry. A study
report in Vietnam support our result which validate a very high
(81.3%) prevalence of MDR E. coli, isolated from small-scale
chicken farms and households (19). Another study from
Thailand show 100% prevalence rate that all of the samples
were found to be MDR E. coli. In our study, resistance to
different antibiotics are different i-e ciprofloxacin is 71.80%,
ampicillin is 96.5%, nitrofurantoin is 11%, ceftazidime is 8.30%,
cefotaxime is 8%, sulphamethoxazole—trimethoprim is 77.60%,
resistance to chloramphenicol is 63.50%, oxytetracycline is
96.50%, streptomycin is 81%, carbapenem 4%. While a study
in Iran showed the resistance to oxytetracycline 43.40%,
chloramphenicol 20.75%, sulfadimethoxine-trimethoprim
39.62%. Similarly, a study conducted at COMSATS university
Islamabad, Pakistan, confirmed the resistance to ciprofloxacin
44%, nitrofurantoin 28%, ceftazedime 16%, cefotaxime 16%,
sulphamethoxazole-trimethoprim 84%, ampicillin is 44% (24).
The difference in resistance pattern percentages might be due
to difference of antibiotic usage. A study report from Pakistan
shows antibiotic resistance against Amoxicillin and Tetracycline
with % resistance of 71.4% and 57.1% respectively in
commercial broiler, whereas 80.3% and 82.1% in backyard
poultry respectively and the percentage resistance against
streptomycin and trimethoprim was detected to be high in
backyard poultry i-e 64.2% and 53.5% as compared to the
commercial broiler with 28.5% and 35.7% respectively.
Likewise, other study shows that 92% isolates showed
resistance to tetracycline and ampicillin. (35/38). The resistance
against kanamycin were 15.8% (6/38), whereas against
streptomycin 23.7%. Another study from India shows the
antibiotic resistance of E. coli (90% to tetracycline and
ampicillin, 20% to gentamicin, norfloxacin, and ciprofloxacin,
40% chloramphenicol and 10% resistance to cotrimoxazole).
Another study from India showed that 90.77% of E. coli was
resistant to nitrofurazone, 83.08% to tetracyclines, 76.92% to
cotrimoxazole, 83.08% to ciprocloxacilin and 81.54% to
chloramphenicol (25). A study conducted in 2015 at Turke
showed 68.4% of the poultry products were proved to be
positive for ESBLs (extended spectrum beta lactamases)
producing E. coli (26). Similarly, another study conducted in
Gabon in 2014 showed that 23% of the samples of chicken
meat were having ESBLs producing E. coli. Another study from

Copyright © 2019 Journal. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

86


http://creativecommons.org/licenses/by/3.0/

Pak-Euro Journal of Medical and Life Sciences (PJMLS)2(4); 83-88

(Sec; Life Sciences)

Germany shows that 43.9% of the isolates were found to be
ESBLs generating E. coli.

Another study from Turkey held in 2016 showed 80% of
ESBLs producing E. coli. A research performed in Slovakia
showed 60% resistance to ampicillin, 18% to tetracycline, 40%
to streptomycin,14% to florfenicol and 17 % to cotrimoxazole
(27). The prevalence of ESBLs genes in our study is TEM
53.60%, OXA 19.05%, SHV 9.70% and PSE 0%. The isolates
show highest prevalence for TEM and no sample was found to
be carrying PSE gene. A study from Iran showed the
prevalence of TEM 37.7%, CTXM 60.3% and VEB 13.2%.
Another study from Germany showed the prevalence of SHV
43.9%, CTX- M 41.2% and TEM 8.6%.

While in our study TEM has highest prevalence followed by
OXA, this might be due to difference of geographical location
and difference in resistance pattern. Another study from Turkey
showed the prevalence for TEM, CTX-M and SHV 96.4%,
53.7% and 34% respectively. A research conducted in India
showed the prevalence of TEM 1.53% in chicken meat while no
isolate was found positive for SHV. Another study from
Netherlands showed that in chicken meat most prevalent
genotype was CTX-M 58.1% and the prevalence of TEM and
OXA was 14%. Another study showed the prevalence of CTX-
M 62% and TEM 13% in poultry (18). Another study showed
the prevalence of TEM<, SHV, CTX-M among asymptomatic
carrier poultry birds and diseased bird, 28% 56%, 73% 0%, 2%
32% respectively. It shows that TEM and SHV are prevalent
among asymptomatic carriers while CTX-M shows high
prevalence in diseased birds. An analysis of Dutch meat
showed the prevalence of CTX-M1 49%, TEM 26%, SHV12,
SHV2 16% and 4% respectively.

Conclusion

The overall study shows the high resistance pattern of
APEC against a number of antibiotics commonly used and high
percentage of ESBLs genes. It proves the inappropriate use of
antibiotics in poultry industry, easily available drugs and flaws
in monitoring by regulatory authorities. The high prevalence of
virulence genes among APEC show that they are not only a
threat to poultry but to human as well. A large scale study is
needed to view the resistance pattern across the country and a
close attention should be given to the use of antimicrobials.
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