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Abstract 
In the present study, 109 E. coli isolates (24.22%) were recovered from 450 samples collected 
from125 squabs (25 apparently healthy, 50 diseased and 50 recently dead) 1-4 week old. Seven 
serogroups were identified among isolates, the most prevalent serogroups were O78, O2 and O128 
with a prevalence of 21.15%, 17.3% and 15.38%, respectively. E. coli serotypes showed higher sen-
sitivity to norfloxacin (92.3%) cefotaxime (90.33%), cefoxitin (88.47%), nalidxic acid (88.47%) and 
neomycin (86%). High level of resistant was observed with tetracycline, doxycycline, chlorampheni-
col and sulphamethaxole (100%, 94.23, 84.62 and 76.92%, respectively). The screening of E. coli 
isolates by PCR for virulence gene profile revealed the presence of iss, tsh and fimC in (100% for 
each), irp2in (42.8%), papC in (71,4%), and vat in (57.1%) of isolates. In addition, The antibiotic 
resistance genes profile revealed the presence of tetA in (100%) and cat1and sul1 in (42.8%for each) 
of isolates. Experimental study was conducted to evaluate pathogenicity of isolated virulent field 
strain of E. coli (O78 highly virulent and resistance to most of antibiotics) and assess the efficacy of 
norfloxacin in controlling the adverse effects of collibacillosis in experimentally infected pigeon. 
Rapid resolution of clinical signs, significant reduction in mortalities, gross pathological lesions, and 
the low rate of re-isolate E. coli from the infected-treated pigeon indicates the effectiveness of nor-
floxacin for treatment of this organism. 
Conclusion: our findings provide valuable inputs for evaluating public health hazards associated 
with bacterial contamination.  
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Introduction 
Pigeons had been associated with human soci-
ety as a source of food and as cage birds from 
a long time (Dutta et al., 2013). The presence 
of pigeon feces in urban environments may 
contribute to the spread of infectious agents as 
they could harbor various microorganisms 
(Tanaka et al., 2005). These might include 
human pathogens such as diarrhea genic Esch-
erichia coli strains, which are able to survive 
under adverse environmental conditions for 
extended periods of time if excreted in feces, 
thus creating potential for human exposure and 
infection (Pedersen et al., 2006). 
E. coli organisms exist in nature as a number 
of strains that range from the most innocent to 

the most deadly. Some pathogenic strains of E. 
coli in the intestines may cause disease by their 
production of potent toxins that are absorbed 
through the intestinal wall into the blood 
stream, from which their far-reaching effects in 
many tissues. Other dangerous strains of E. 
coli are able to breach the intestinal wall, enter 
the blood stream where they multiply called 
("septicemia") and are distributed to a variety 
of tissues to produce signs of illness in some 
joints, brain and ovarian infections, etc. in pi-
geons are caused by these tissue-invasive 
strains of E. coli which can produce dead-in-
shell embryos, sudden death in youngsters or 
old birds. The pigeons may acquire infection 
from contaminated environment, feed and wa-
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ter or from other carrier birds. (Gordon, 2010). 
Many researchers isolated and serotyped dif-
ferent E. coli strains from diseased pigeons, 
there are distinct sereotypical differences be-
tween the facultative E. coli and the ones that 
invade the tissue and cause infection, (Farg-
haly and Mahmoud, 2011 and Khu-dair, 
2012). The zoonotic risk associated with EPEC 
infection in pigeons was first documented by 
Silva et al. (2009) in Brazil. Enter invasive E. 
coli, Shiga toxin producing E. coli, enteropath-
ogenic E. coli, and enter toxigenic E. coli and 
enteroaggregative E. coli (EAEC), were detect-
ed from pigeons (Sanches et al., 2017 and Va-
sconcelos et al., 2017) . 
APEC is considered a primary or secondary 
pathogen of poultry. Strains which carry viru-
lence genes (adhesin, invasins, toxins, re-
sistance to host serum, iron acquisition sys-
tems, temperature-sensitive hemagglutinin, 
andK1 capsule) have all been shown to con-
tribute to APEC pathogenesis (Dziva and Ste-
vens, 2008) and could induce colibacillosis 
without previous immune suppression factors; 
stress or concurrent infections (Collingwood, 
2014). Some human and  avian extra intestinal 
pathogenic E. coli (Ex PEC) has similar phylo-
genic backgrounds and shares similar virulence 
genes possessing zoonotic risk (Manges and 
Johnson, 2012). The fimC and papC are fim-
bria related virulence genes. The fimC play an 
important role in the adhesions of bacteria to 
the respiratory tract of the host and papC for 
adhesions to the internal organs of the host. 
The iucD and irp2 are iron-acquisition system 
virulence factors which play a role by removal 
of iron from the host cells and enhance the 
multiplication and growth of the bacteria. The 
tsh is a heamolysin virulence factor which 
causes destruction of the erythrocytes and iss 
gene plays an important role in the protection 
of bacteria against the bactericidal activity of 
the host. The APEC strains have the potential 
of zoonotic risk (Ewers et al., 2004). 
Antimicrobial resistant E. coli strains pose a 
serious problem for public health, since these 
strains could be passed to humans via the food 
chain or by direct contact with infected birds. 
In addition, resistant E. coli may act as trans-
porters for antimicrobial resistant genes to oth-
er pathogens (Akond, 2009). Resistance to tet-

racycline is mediated through efflux pump sys-
tem which encoded by tetracycline resistance 
group of genes (tetA, tetB, tetC, tetD, tetE and 
tetG) (Shin et al., 2015). Phenicols resistance 
encoding genes are (cat1, cat2, cat3, cmlA and 
cmlB) and genes responsible for sulphonamide 
resistance are (sul 1, sul 2 and sul 3) (Sharma 
et al., 2016). Pigeons may play a role in dis-
seminating multidrug-resistant Escherichia coli 
in the environment, by contaminating drinking 
water supplies, or spreading antibiotic resistant 
strains in farm environments (Checkabab et 
al., 2013). Antimicrobial-resistance E. coli oc-
curred in diseased pigeons in various results as 
described by (Ibrahim, 2007 and Dutta et al., 
2013). The E. coli strains in particular had ac-
quired resistance against the most commonly 
used antimicrobial in pigeons (Kimpe et al., 
2002). Antimicrobial resistances to amikacin, 
ampicillin, trimethoprim-sulfamethoxazol, es-
treptomycin, tetracycline neomycin erythromy-
cin and doxycycline were detected in of E. coli 
isolates from pigeon (Radimersky et al., 2010 
Hassan and Bakeet, 2014). 
 
In the light of the above, the current study was 
designed to survey the incidence of E. coli 
pathogens in apparently healthy, diseased and 
freshly dead squabs, their dissemination, viru-
lence genes and antibiotic resistance profiles 
and to assess the risk for human consumers as 
well as in the choice of drugs and treatment. 
 
Materials and Methods  
Sample Collection: 
A total of 450 samples were collected from 
125 squabs (1-4weeks old) from different pi-
geon houses at Dakahalia province. Fifty sam-
ples (cloacal and muscles,25 for each) were 
collected from 25 apparently healthy squabs, 
200 samples were aseptically and separately 
collected from heart blood, liver, lung, intes-
tine and muscles of 50 diseased birds and 200 
samples from the same organs of 50 recently 
dead birds. 
 
Clinical, post mortem and  sensory examina-
tion: 
All pigeons were examined clinically, then sac-
rificed and immersed in a disinfectant before 
being autopsied. Gross pathological changes 
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were recorded, summarized and presented with 
results for both recently dead and clinically 
diseased pigeons. While, apparently healthy 
squabs sensory evaluated after slaughter for 
general acceptance according to (Land and 
Shepherd, 1989).            
 
Isolation and identification of E. coli:                                                                                                  
Each sample was inoculated separately into 
buffer peptone water(25 gm from each tissue  
sample homogenated in 225 ml peptone water) 
and incubated at 37ºC for 18-24 hrs under aer-
obic condition. Then, samples were cultured on 
5% sheep blood and MacConkey agar (Merck, 
Germany) media and incubated at 37°C for 24 
h. Colonies with the typical color and appear-
ance of E. coli were picked and streaked again 
on blood agar plates and re-streaked on EMB 
agar (Merck, Germany). All plates were further 
incubated for 24 h at 37°C. The green metallic 
sheen colonies were considered as E. coli. The 
confirmation of the suspected isolates was per-
formed by biochemical tests, including con-
ventional lactose and glucose fermentation 
(using TSI medium), urease, indol, methyl red, 
Voges Proskauer, citrate and lysine decarbox-
ylase (Quinn et al., 2011). Congo red media 
was used for differentiation between pathogen-
ic and non-pathogenic bacteria. Pink colored 
colonies were considered as  pathogenic . 
 
Serological identification of E. coli: 
The somatic (O) antigen was determined by 
slide agglutination test according to Edwards 
and Ewing, (1972). Serotyping of the 52 iso-
lated E. coli strains was carried out at The Se-
rology Unit in Animal Health Research Insti-
tute Dokki, Cairo, Egypt.  
 
Antimicrobial sensitivity testing  
A total of 52 pathogenic E. coli were tested by 
disc diffusion method using Muller-Hinton 
agar using 13 antibiotic disc belongs to seven 
different antimicrobial classes includ-ing sulfa-
methoxazole (100 μg/disk), levofloxacin (5 μg/
disk), chloramphenicol (30 μg/disk), norfloxa-
cine (10 μg/disk),), tetracycline (30 μg/disk), 
streptomycin (10 μg/disk), cefoxitin (30 μg/
disk), neomycin (30 μg/disk), doxycy-cline (30 
μg/disk), cefepime (30 μg/disk), cefotaxime 
(30 μg/disk), penicillin (10 μg/disk), amoxicil-
lin (10 μg/disk), and nalidixic acid (30 μg/

disk). Interpretation of the results was done 
following Clinical and Laboratory Standards 
Institute Guidelines (CLSI, 2013). 
 
Detecting virulence and antimicrobial re-
sistance genes by PCR: 
Seven strains were examined for the presence 
of the 6 virulence genes (fimc, tsh, iss, papC, 
irp-2 and vat)  and 3 antibiotic resistance genes 
(tet A, cat1 and sul1) using PCR in PCR unit   
in Animal Health Research Institute Dokki, 
Cairo, Egypt.    
 
DNA extraction: The DNA was extracted 
with DAN extraction kits (QIAamp DNA Mini 
Kit Qiagen Germany, Cat. No. 51304).  
 
Primer selection (Sigma): The selected pri-
mers were shown in table (1). 
 
PCR amplification: DNA was amplified in a 
total of 50 μl of the following reaction mixture: 
25µl Dream Taq TM Green Master Mix (2X), 
1µl of each primers, 3µl template DNA and 
completed to 50 µl by water, nuclease-free. 
PCR cycling program was performed in ther-
mal cycler (BIO-RAD S-1000 thermal cycler 
USA) as in cycling protocol. 
 
Cycling protocol (Thermo scientific): 
FimC gene: initial denaturation at 94°C for 5 
minutes then 30 cycles consisting of (denature-
ation at 94°C for 60 seconds, annealing at    
59°C for 60 seconds and extension at 72°C for 
60 seconds) followed by final extension at   
72°C for 5 minutes. 
 
Multiplex PCR of (iss,  irp2 and  tsh) and 
(vat and  papC) virulence genes : 
PCR cycling program was performed as fol-
lowing: initial denaturation at 94°C for 3 
minutes then 25 cycles consisting of (denatu-
ration at 94°C for 30 seconds, annealing at   
58°C for 30 seconds and extension at 68°C for 
3 minute) followed by final extension at 72°C 
for 10 minutes. 
 
Multiplex PCR of various antimicrobial re-
sistance genes: The PCR steps consisted of 5 
min intial denaturation at 95C, 30 cycles of 1 
min denaturation at 95C, 1 min of primer bind-
ing at 51 and 1 min of extension at 72C, fol-
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lowed by final extension at 72C for 7 min. 
 
Detection of PCR products: Five µl of each 
amplicon were loaded on 1.5% agarose gel 
containing 1 µl of ethidium bromide/ gel. A 
100 bp DNA ladder was used as a molecular 
weight standard (Thermo scientific Company, 

Cat.No.SM0243, US). The samples were elec-
trophoresed at 90 V for 90 minutes on a mini 
horizontal electrophoresis unit (BIO-RAD, 
USA); the gel was visualized under UV trans 
illuminator (Spectroylyne Model TR-312 A) 
and photographed. 

Table (1). Primer sets for detection of target virulence genes from avian pathogenic Escherichia coli (APEC) 
isolates 

GENES Oligonucleotide sequence (5`3`) Amplicon size (pb) References 

fimC 
5` GGGTAGAAAATGCCGATGGTG 3` 
5` CGTCATTTTGGGGGTAAGTGC 3` 

(497 bp) (Janßen et al., 2001) 

Iss 
5` ATCACATAGGATTCTGCCG 3` 
5` CAGCGGAGTATAGATGCCA 3` 

(309 bp) (Ewers et al., 2005) 

irp2 
5` AAGGATTCGCTGTTACCGGAC 3` 

5` AACTCCTGATACAGGTGGC 3` 
(413 bp) (Ewers et al., 2005) 

Tsh 
5` ACTATTCTCTGCAGGAAGTC 3` 
5` CTTCCGATGTTCTGAACGT 3` 

(824 b p) (Ewers et al., 2005) 

Vat 
5`- TCCTGGGACATAATGGTCAG-3 
5`- GTGTCAGAACGGAATTGT-3` 

(981-bp) (Ewers et al., 2005) 

Pap C 
5`- TGATATCACGCAGTCAGTAGC-3` 

5`- CCGGCCATATTCACATAA -3` 
(501pb) 

  
(Ewers et al., 2005) 

TetA 
F GCTACATCCTGCTTGCCTTC 

R GGCAGGCAGAGCAAGTAGAG 
(280 bp) (Kanokwan et al., 2009) 

cat1 
F CCACCGTTGATATATCCCAA 

R CATTCTGCCGACATGGAA 
(587bp) (Kanokwan et al., 2009) 

sul1 
F CCGATGAGATCAGACGTA 
R CCCAGATCCTTTACAGGA 

(505 pb) (Kanokwan et al., 2009) 

Experimental trials: 
Pigeon: Fifty (50) clinically healthy pigeons 
(four weeks old) were obtained from commer-
cial lofts were used for the experimental infec-
tion .Five of them examined bacteriologically 
to free from Escherichia coli infection .The 
remaining 45 pigeons classified into three 
groups (15 birds /group). 
 
Experimental design: 
Group A (GA): non infected non medicated 
(negative control). 
Group B (GB): were inoculated with E. coli 
(O78 originally isolated from diseased pigeon 
with afield case of coli septicemia) orally 
(3×108 CFU/0.25 ml) (positive control). 
Group C (GC): were inoculated with E. coli 
orally (3×108 CFU/0.25 ml) and medicated 
with Norfloxacin in drinking water at dose 10 
mg/kg b.wt after two days post infection three 
successive days (8h/day). 
Evaluation parameters: 
Morbidity and mortality rates: The birds in 

the challenged group were observed daily after 
the challenge for any symptoms and deaths all 
the period of experiment (3 weeks). Dead birds 
were necropsied immediately after detection of 
their death and macroscopical lesion scores 
were reregistered. Also, on weekly basis, at 7, 
14, 21 days post experimental infection two 
birds of surviving pigeon from each group 
were sacrificed and necropsied. 
 
Bacteriological investigation: For bacterial re
-isolation swabs from lungs, heart, livers, intes-
tine and muscles were collected from two sac-
rificed birds in each group at the 1st, 2ndand3rd 
weeks after the challenge. Reisolation was 
done as recommended by Sambrook et al.
(1989). 
 
Results 
Clinical signs, Postmortem lesions and sen-
sory evaluation: 
The clinical signs of the diseased birds with 
collibacillosis were depression, respiratory dis-
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tress, reduced food consumption, loss of 
weigh, weakness, ruffling of feathers, yellow-
ish diarrhea. While, the post mortem examina-
tion for dead and diseased birds showed Con-
gestion of liver, spleen, kidneys and lungs, per-
icarditis, perihepatitis and air sacculitis. Con-
gestion and hemorrhage in the intestinal muco-
sa and in some cases showed catarrhal enteritis 
(fig. 1). All apparently healthy squabs were 
accepted sensory.  
 
Prevalence of E. coli within the Examined 
Birds: 
Out of 450 examined samples, E. coli was 
identified in 24.22% (109/450) of the total ex-
amined samples based on morphological and 
biochemical characteristics. 27 strains (54%) 
were isolated from cloacal swabs and muscles 
of apparently healthy birds, 28   strains (14%) 
from diseased and 54 strains (27%) from fresh-
ly dead birds. Congo red media was used for 
differentiation between pathogenic and non 
pathogenic E. coli. 52 strains out of 109 strains 
were found Pathogenic which were observed 
as pink colonies on Congo red media (47.7%) 
(table 2). The recovery rates of the  pathogenic 
E. coli from dif-ferent Squabs samples were 
15%, 13.75%, 12.5%, 10%, 8.3%, 9.2% and 
8% form liver, spleen, heart, lung, intestine, 
muscles and cloacal swabs, respectively (Table 
3). E. coli isolates were serotyped into 7 sero-
types including O78, O2, O128, O111, O114, 
O27, O125 the most prev-alent serotypes were 
O78, O2 and O128 with an incidence of 
21.5%, 17.3%, and 15.38%, respectively (table 
4).   
 
Antimicrobial resistance profiles of E. coli 
isolates: 
The antimicrobial susceptibility pattern of (52) 
pathogenic E. coli strains isolated from  cloacal 
swabs and internal organs of the examined in-
fected pigeons revealed variable results insus-
ceptibility and zones of inhibition to the differ-
ent antimicrobial drugs which commonly used 
in pigeon treatments. E. coli isolates demon-
strated high rates of resistance to Tetracycline, 
Doxycycline, Chloramphenicol, and Sulfa-
methoxazole (100%, 94.23%, 84.62% and 
76.92%) followed by Penicillin and Amoxicil-
lin (71.15% and 65.38%) Conversely, Norflox-
acin, Levofloxacin, Nalidixic acid and Cefo-

taxime showed the lowest resistance rate 
against E. coli isolates (7.69%, 9.62%, 11.53% 
and 13.46%, respectively) Table (5). 
 
Virulence and antibiotic resistance genes 
In this study, the presence of 6 virulence genes, 
including iss, tsh, fimc vat, papc, and irp2 were 
verified by multiplex PCR analysis. Among 
the virulence genes detected, fimc, iss, and tsh 
were the most prevalent genes (100% each), 
followed by papc (71.4%), vat (57.1%), and 
irp2 (42.8%). Also multiplex PCR was used 
for detection of anti-biotic resistance genes in-
cluding tetA, cat1 and sul1. The recovery rate 
of tet A was 100% while cat1 and sul1 was
(42.8% both) table (6). 
 
Results of experimental infection: 
Clinical signs: 
No clinical signs were observed in the unin-
fected-untreated group (GA). The clinical 
symptoms appeared within 48 hours after inoc-
ulation of E. coli. The clinical symptoms ob-
served were; Reduced birds activity, rise in 
temperature, in-appetite, dullness, dysentery, 
shock and depression. Within 24 hours follow-
ing initiation of treatment norfloxacin reduced 
the clinical signs which were present in infect-
ed birds prior to treatment and the signs contin-
ued to improve in the next days post-
medication. Infected Birds treated with nor-
floxacin improved clinically during and after 
the 3-days treatment period and clinical signs 
disappeared within 5 to 7 days following treat-
ment. 
 
Post mortem: 
Postmortem lesions of the dead and scarificed 
pigeons showed inflammation of liver, heart, 
spleen, lungs and intestine. The severity of 
postmortem lesions was severe in group B 
(GB) than group C (GC). There were no le-
sions appeared in group A (GA) (negative con-
trol). Seven days following initiation of nor-
floxacin treatment lesions virtually disappear. 
 
Re-isolation of E. coli from organs:  
All pigeons in uninfected-untreated group 
(GA) were negative for isolation of the chal-
lenge bacteria (Table7). E. coli could be recov-
ered from tissues in some birds which infected 
and treated with norfloxacin in the drinking 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=food+consumption
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water (GC) with re-isolation rate of 6.6% to 
13.4%. While infected-untreated group (GB) 
had a higher frequency of E. coli re-isolation 
that ranged from 20% to 53.3% from different 

organs than those from treated birds. These 
results demonstrated that norfloxacin reduced 
the number of birds from which E. coli was 
isolated.  

Table (2). Prevalence of E. coli in examined samples collected from squabs 

Squabs  
Number of examined 

sample 

No. of Escherichia 
coli positive  

samples 

Prevalence 
(%*) 

No. of E. coli 
positive Congo 

red 

Prevalence  
(%**) 

Healthy  50 27 54 4 14.8 

Diseased  200 28 14 14 50 

Recently dead 200 54 27 34 62.96 

Total 450 109 24.22 52 47.7 

 (%*) No of E. coli positive samples/No. of examined samples. 
 (%**) No. of E. coli positive congo red / No. of Escherichia coli positive samples. 

Table (3). Recovery rate of positive pathogenic E. coli from examined samples.   

Organs  No of examined samples No of positive % 

Liver 80 12 15 

Spleen 80 11 13.75 

Heart 80 10 12.5 

Lung 60 6 10 

Intestine 60 5 8.3 

muscles 65 6 9.2 

cloacal 25 2 8 

N.B.: 65 muscles samples, 25 from apparently healthy (2 pathogenic isolates) and 40 from diseased and freshly dead (4 
pathogenic isolates ). 

Table (4). Serotyping of E. coli isolates and its percentage  

UNTYPED O125 O27 O114 O111 O128 O2 O78 Serogro up 

2 5 5 6 6 8 9 11 Number  

3.85 9.62 9.62 11.53 11.53 15.38 17.3 21.15 % 
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Table (5). Results of antimicrobial sensitivity test for E. coli  

Antimicrobial agent Antimicrobial class 
Resistant Sensitive 

No % No. % 

Amoxicillin β‑lactams 34 65.38 18 43.62 

Penicillin β‑lactams 37 71.15 15 28.85 

Cefoxitin Cephalosporins 8 15.38 44 84.62 

Cefotaxime Cephalosporins 7 13.46 45 86.54 

Sulfamethoxazole Sulfonamides 40 76.92 12 23.08 

Neomycin Aminoglycosides 10 19.23 42 80.77 

Streptomycin Aminoglycosides 12 23.07 40 76.92 

Tetracycline Tetracycline 52 100 0 0 

Doxycycline Tetracycline 49 94.23 3 5.77 

Chloramphenicol Phenicols 44 84.62 8 15.38 

Norfloxacin Quinolones 4 7.69 48 92.31 

Levofloxacin Quinolones 5 9.62 47 90.38 

Nalidixic acid Quinolones 6 11.53 46 88.46 

Fig. (1): Squab (3 week) suffering collibacillosis  showing  congested liver  and enteritis (field case)  
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Fig. (2): Agarose gel electrophoresis of E. coli DNA product (fimC gene). Lane 1: 100 bp DNA ladder "Marker" Lane 
(2): control positive. Lane (3): control negative . Lane (4-10): E. coli field isolates. 

Fig. (3): Agarose gel electrophoresis of E. coli DNA product virulence genes (iss, irp2 and tsh genes) in a multiplex 
PCR. Lane (1): 100 bp DNA ladder. Lane (2): control positive. Lane (3): control negative Lane (4-10): E. coli field 

isolates. 

Fig. (4): Agarose gel electrophoresis of E. coli DNA product virulence genes (papc, and vat genes) in a multiplex PCR. 
Lane (1): 100 bp DNA ladder. Lane (2): control positive. Lane (3): control negative Lane (4-10): E. coli field isolates 
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Fig. (5): Agarose gel electrophoresis of E. coli DNA product (antimicrobial resistance genes). Lane 1: 100 bp DNA 
ladder "Marker".Lane (2-8): E. coli field isolates. 

Table (6). Recovery rate of virulence and antibiotic resistance genes in isolated E .coli  

Samples 
number 

Virulence genes Antimicrobial resistance genes 

Fim c iss tsh Irp2 papc vat cat Sul1 Tet A 

1 + + + + + + - + + 

2 + + + + + + - - + 

3 + + + + + - - + + 

4 + + + - + - + - + 

5 + + + - - + + - + 

6 + + + - - + + - + 

7 + + + - + - - + + 

Total 100% 100% 100% 42.8% 71.4% 57.1% 42.8%  42.8 % 100% 

Table (7). Re-isolation of E .coli from the internal organs of pigeon experimentally infected with E. coli       

Experimental 
groups 

No .of  
examined  

pigeon 

Number and percentage of positive samples with pathogenic E. coli isolation 
from internal organs 

Liver Heart spleen Lung muscles 

GA 15 0/15(0%) 0/15(0%) 0/15(0%) 0/15(0%) 0/15(0%) 

GB 15 8/15 (53.3%) 7/15(46.67%) 6/15(40%) 4/15(26.7%) 3/15(20%) 

GC 15 2/15(13.4%) 1/15(6.66%) 0/15(0%) 1/15(6.66%) 0/15(0%) 
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Discussion 
Housing system of pigeons under Egyptian 
conditions give the chance for pigeons to come 
into close contact with wild and domesticated 
bird that enabling direct transfer of the infec-
tious agents to take place especially when kept 
out to doors. Pigeon spreads of infectious 
agents through fecal contamination of drinking 
water sources, pastures and agricultural crops. 
 
 In the present study, 109 E. coli isolates 
(24.22%) were recovered from 450 samples 
collected from healthy, diseased and recently 
dead squabs. Compared with our findings, 
Nearly similar results were recorded by Has-
san and Bakeet, (2014) who isolated E. coli 
from squabs with total recovery rate (19.7% ), 
while much higher isolation rate of E. coli 
(60.67 %) has been reported by (Dutta et al., 
2013). The incidence of E. coli isolates accord-
ing to the status of the examined squabs it give 
higher incidence in freshly dead squabs (27%)  
than diseased squabs (14%), the results in liter-
atures obtained by (Ibrahim, 2007 and Has-
san et al., 2008) similar to our results.     
 
The rate of isolation of E. coli from apparently 
healthy squabs was (54%). Higher recovery 
rates were recorded in a previous study carried 
out by (Dey et al.,2013) who isolated E. coli 
from apparently  healthy pigeons with recovery 
rate (86.11%). However, lower isolation rate 
(36%) was reported by Chika, 2018. Notewor-
thy, these asymptomatic carriers represent a 
potential source of human colibacillosis 
(Behravesh et al., 2014) due to an increasing 
infection pressure in the environment (Kabir, 
2010).  
 
The characteristic of CR (congo red  media) 
binding constitutes a moderately stable, repro-
ducible, and easily distinguishable phenotypic 
marker. Pathogenic E. coli can be identified by 
their abil-ity to bind CR and produce brick red 
colonies (Abhilasha and Gupta, 2001). The 
results of the CR-binding assay indicate that 52 
isolates of 109 (47.7%) were positive. A simi-
lar result recorded by (Riaz et al., 2016) who 
reported that 40% of avian E. coli iso-lates was 
CR positive. 
 

In the current study, Pathogenic E. coli was 
isolated from both intestine and other extra-
intestinal organs. The prevalence rates of path-
ogenic E. coli in the collected samples were 
15%, 13.75%, 12.5%, 10%, 8.3% and 9.2%   
from the examined liver, spleen, heart, lung, 
intestine and muscles, respectively. The dis-
semination of E. coli into different organs such 
as liver, lungs and heart is going in agreement 
with the postmortem lesions including perihep-
atitis, pericarditis, enteritis and pneumonia in-
dicating that E. coli led to septicemia and fol-
lowed by death of the birds (Kabir, 2010).  
 
In the present study, out of 25 examined mus-
cles samples from apparently healthy squabs 
only 2 samples (8%) were contaminated with 
pathogenic E. coli which indicate bad sanita-
tion during slaughtering and processing spe-
cially with intestinal content. In contrary to the 
present findings (Abdou, 2017) reported high-
er rate of isolation of E. coli (15%) from poul-
try meat.  
          
A more specific identification approach is the 
serotyping analysis that aims at classifying 
pathogenic strains based on their surface anti-
gens. Based on O, H, and K antigens. O 
Serogrouping is one of the basic diagnostic 
methods for the classification of pathogenic 
strains of E. coli. In the present study, 52of the 
obtained E. coli isolates recovered from squabs 
were serotyped by slide agglutination test. In 
this study, seven O serogroups were identified 
among the 52 APEC isolates could be typed, 
the most prevalent serogroups were O78, O2 
and O128 with a prevalence of 21.15%, 17.3%
and 15.38%, respectively. In many studies con-
ducted in Egypt, nearly the same serotypes 
were detected in diseased pigeons with a pre-
dominance of O78 have been identified 
(Ibrahim, 2007). O2 and O78 are the most fre-
quently isolated from colibacillosis in the 
many countries worldwide that proven their 
role as particularly adapted pathogens that al-
low involvement in extra intestinal infections 
(Ewers et al., 2004). 
 
It is clear from the achieved results that, none 
of the antibiotic showed 100% effectiveness 
against E. coli meanwhile the E. coli serotypes 
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showed higher sensitivity to norfloxacin 
(92.3%), levofloxacin (90.38%), nalidxic acid 
(88.47%) and cefotaxime (86.54%). High level 
of resistant was observed with tetracycline, 
doxycycline, chloramphenicol sulphamethaxo-
le and penicillin (100%, 94.23%, 84.62, 
76.92%, and 71.15%, respectively). These re-
sults go in parallel with those obtained by 
(Chidamba and Korsten 2015 and Chika, 
2018) who declared that E. coli, isolated from 
pigeon showed marked sensitivity to norfloxa-
cin, cefoxitin and nalidixic acid. Similar antibi-
otic resistance patterns with E. coli isolated 
from pigeons for Tetracycline, Doxycycline, 
sulphamethaxazole and chloramphenicol were 
reported by (Dey et al., 2013, Stenzel et al., 
2014 and Zigo et al., 2017). Pigeons may play 
a role in disseminating multidrug-resistant 
Escherichia coli in the environment, by con-
taminating drinking water supplies, or spread-
ing antibiotic resistant strains in farm environ-
ments (Checkabab et al., 2013). 
 
The pathogenesis of E. coli is related to the 
wide range of different virulence genes. In this 
study, the presence of 6 virulence genes, in-
cluding iss, tsh, fim c, vat, papc, and irp2were 
verified by multiplex PCR analysis. Among 
the virulence genes detected, iss, fimc and tsh 
were the most prevalent genes (100% each), 
followed by papc (71.4%), vat (57%), and irp2 
(42.8%). The iss gene is an important gene pre-
sent in APEC which is responsible for serum 
resistance (Sampaio et al., 2010). Several 
studies have indicated that E. coli can escape 
from the bactericidal actions of complement 
system due to serum resistance; this may lead 
to avian colisepticemia (Parreira et al., 1998). 
In this study, iss gene was detected in 100% of 
APEC isolated from squabs. This finding was 
similar with (Kwon et al., 2008 and Ammar 
et al., 2015) who detected iss gene in 100% of 
E. coli isolated from broiler chickens. Contrary 
to the present findings Won et al. (2009) re-
ported low prevalence of iss gene(41.5%)in 
isolated E. coli from broilers. The temperature-
sensitive haemagglutinin (tsh) gene help to de-
velopment of lesions and fibrin precipitation in 
air sacs, increase colonization at this site and 
induce lesion and ulcers. The finding of pre-
sent study (100%) was in accordance with 

Arabi et al. (2013) who detected tsh gene in 
(96.4%) of avian pathogenic genes. Contrary to 
the present findings (Roussan et al., 2014 and  
Chaudhari et al., 2017) reported low preva-
lence of tsh gene (55% and 50%) among viru-
lent E. coli. The type1 fimbriae C (fimC) gene 
is an important gene having the role in the in-
ternal organ adhesion (JanBen et al., 2001). 
The high prevalence of fimc gene in the pre-
sent study are similar with (Knobl et al., 2001)
who detected fimC in (96%) of isolates from 
septicemiac cases. The papc gene provides the 
capacity to binding to internal organs and pro-
tects against hetero-phils (Johnson, 1991). In 
this study 71.4% of isolates was positive for 
papc. This finding was lower than the report of 
(Ammar et al., 2015) who detected papc gene 
in 82% of isolated E. coli strains. Contrary to 
the present findings (Nyrah et al., 2017 and 
Subedi et al., 2018) who reported low rate of 
isolates (33.72% and 11%) carrying papc gene 
in E. coli. Vat gene responsible for vacuolating 
and transferring of cytotoxic produced by path-
ogenic. In the current study 57% of isolates 
were positive for vat gene. This results was 
higher than prevalence previously reported by 
Arabi et al., (2013) and Roussan et al. (2014) 
who detecte dvat gene in 85.7% and 70% in 
APEC whereas (Nyrah et al., 2017) reported 
lower prevalence (31.39%) of vat gene. Iron 
uptake-genes include iron-repressible high-
molecular-weight proteins 2 (irp2) is one of the 
most the most prevalent iron uptake-genes 
among APEC strains. In this study (irp2) gene 
was detected with prevalence (42.8%) which is 
higher than the prevalence previously reported 
by (Ibrahim, 2019) who detected (irp2) gene 
in (34%) APEC. Whereas Nyrah et al., (2017) 
detected irp2in (55.23%). 
 
Many studies have been reported the presence 
of antibiotic resistance genes in APEC strains 
(Ahmed and Shimamoto, 2013). The re-
sistance genes mediated by plasmid can make 
the resistance prevail among various bacteria 
that lead to acquiring resistance genes without 
difficulty and pro-duce MDR (Liu et al., 
2012). Regarding the distribution of these anti-
biotic resistance genes among E. coli isolates, 
The most frequent resistance found was to tet 
A (100%) and  (42.8%) for both sul1 and cat1. 
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In contrast to our results, a higher percentage 
of resistance to tetracycline, sulphonamides 
and chloramphenicol was found in this study 
compared to data  reported by Blanco-Pena et 
al., (2017) who detected tetA, sul1and cat1 in 
(14.2%, 17.7% and 29.1%) of E. coli isolated 
from pigeon, respectively. The higher rates of 
antimicrobial resistance and MDR in strains 
could be due to environmental contamination 
with antibiotic residues in aviculture industries 
and/or selective pressure caused by the indis-
criminate use of antimicrobial compounds as a 
result of poor monitoring by regulatory bodies 
(Koga et al., 2015). 
 
Our experimental study was conducted to eval-
uate pathogenicity of isolated virulent field 
strain of E. coli (O78) and assess the efficacy 
of norfloxacin in controlling the adverse ef-
fects of  collibacillosis in experimentally in-
fected pigeon. The clinical symptoms and 
gross pathological lesions observed in this 
study were observed by (Haq et al., 2015)  in 
pigeons experimentally infected with E. coli. 
Using of norfloxacin at dose level of 10 mg/kg 
b.wt/day for 3 successive days (8hs / daily). 
In the drinking water for the treatment of E. 
coli infected pigeon resulted in rapid control of 
experimental colibacillosis as evidenced by 
rapid resolution of clinical signs, significant 
reduction in mortalities, gross pathological le-
sions, rate of E. coli re-isolation. The low rate 
of re-isolate E. coli from the infected-treated 
pigeon indicates the advantage in using nor-
floxacin for treatment of this organism. Our 
results are supported by the work of many au-
thors who found that all new quinolone deriva-
tives including norfloxacin, were very active 
against E. coli infection (Haq et al., 2015 and 
Lakho et al., 2017). 
 
Conclusion 
This study indicates that squabs are reservoir 
of virulent and multidrug resistant E. coli. The-
se strains may be create a potential danger to 
human health through food chain, if proper hy-
gienic measures are not undertaken during 
rearing, handling and processing of pigeon. 
  
References 
Abdou, E.I.A. (2017). Prevalence and decon-

tamination of some food poisoning organ-

isms in poultry meat. M.V.Sc. Zagazig Uni-
versity. 

 
Abhilasha, S.S.P. and Gupta, R.S. (2001). 

Pathogenicity and in vitro drug resistance of 
Escherichia coli isolated from colibacillosis 
cases in chicks of Tarai Region. Indian J. 
Comp. Microbiol., Immunol. Inf. Dis., 22
(2): 166-167. 

Ahmed, A.M. and Shimamoto, T. (2013). 
Molecular char-acterization of multidrug-
resitant avian pathogenic Escherichia coli 
isolated from septicemic broilers. Int. J. 
Med. Microbiol., 303: 475-483. 

Akond, M. (2009). Antibiotic Resistance of 
Escherichia coli isolated from poultry and 
poultry environment of Bangladesh. Am J 
Environ Sci.; 5(1): 47–52. 

Ammar, A.M.; El-Hamid, M.I.; Eid, S.E.A. 
and El Oksh, A.S. (2015). Insight into anti-
microbial resistance and virulence genes of 
emergent multidrug resistant avian patho-
genic Escherichia coli in Egypt: How close-
ly related are they? Rev. Med. Vet., 166(9-
10): 304-314. 

Arabi, S.; Jafarpour, M.; Mirinargesi, M.; 
Asl, S.B.; Naghshbandi, R. and Sha-
banpour, M. (2013). Molecular Characteri-
zation of Avian  Pathogenic Escherichia coli 
in Broilers Bred in Northern Iran. Global 
Vet. 10(4): 382-386. 

Blanco‐Peña, K.; Esperón, F.; Torres‐Mejía, 
A.M.; de la Torre, A.; de la Cruz, E. and 
Jiménez‐Soto, M. (2017). Antimicrobial 
resistance genes in pigeons from public 
parks in Costa Rica. Zoonoses and public 
health, 64(7), e23-e30.‏ .594:‏56  

Behravesh, C.B.; Brinson, D.; Hopkins, B.A. 
and Gomez, T.M. (2014). Backyard poultry 
flocks and salmonellosis: a recurring, yet 
preventable public health challenge. Clin. 
Infect. Dis. Ciu 067. 

 



689 

Animal Health  Research Journal Vol. 7, No. 4,  November 2019                                                   pp. 677-692 

Chaudhari, S.V.; Joshi, B.P.; Desai, D.N.; 
Bhanderi, B.B.; Choudhary, K.R. and 
Madhwal, A. (2017). Isolation and charac-
terization of E. coli infection from the bron-
chial plug of broiler birds associated with 
respiratory diseases. Adv. Anim. Vet. Sci. 5
(8): 334-341. 

Checkabab, S.M.; Paquin-Veillette, J.; 
Dozois, C.M. and Harel, J. (2013). The 
ecological habitat and transmission of Esch-
erichia coli O157:H7. FEMS Microbiol 
Lett.; 341: 1-12. 

Chidamba, L. and Korsten, L. (2015). Anti-
biotic resistance in Escherichia coli isolates 
from roof-harvested rainwater tanks and ur-
ban pigeon faeces as the likely source of 
contamination. Environmental monitoring 
and assessment, 187(7), 405. 

Chika, E. (2018). A Three-Year Study on the 
Prevalence and Antibiotic Susceptibility 
Pattern of Escherichia coli Isolated from 
Cloacal Swabs of Wild and Domestic Birds 
in Ebonyi State, Nigeria. EC Microbiology, 
14, 266-273. 

CLSI (2013). The Clinical and Laboratory 
Standards Institute: Methods for dilution 
antimicrobial susceptibility tests for bacteria 
that grow aerobically; approved standard. 9th 
Edition. M07-A9, 32(2). 

Collingwood, C. (2014). Is the Concept of 
Avian Pathogenic Escherichia coli as a Sin-
gle Patho type Fundamentally Flawed? 
Front Vet Sci. 2014; 1: 1–4. 

Dey, R.K.; Khatun, M.M.; Islam, M.A. and 
Hosain, M.S. (2013). Prevalence of multi-
drug resistant Escherichia coli in Pigeon in 
Mymensingh, Bangladesh. Microbes and 
Health, 2(1), 5-7.‏ 

Dutta, P.; Borah, M.K.; Sarmah, R. and 
Gangil, R. (2013). Isolation, histopathology 
and antibiogram of Escherichia coli from 
pigeons (Columba livia), Vet World 6(2):91
-94. 

Dziva, F. and Stevens, M.P. (2008). Coliba-
cillosis in poultry: unravelling the molecular 
basis of virulence of avian pathogenic Esch-
erichia coli in their natural hosts. Avian Pa-
thology : Journal of the WVPA. 37(4): 355–
66. 

Edward, P.R. and Ewing, W.H. (1972). Iden-
tification of Enterobacteriaceae. 3rd Ed. Bur-
gess Publishing Co., Mineapolis, M. N. At-
lanta., USA. 

Ewers, C.; Janben, T.; Kiebling, S.; Philipp, 
H.C. and Wieler, L.H. (2004). Molecular 
epidemiology of avian pathogenic Esche-
richia coli (APEC) isolated from colisep-
ticemia in poultry. Vet. Microb., 104(1): 91-
101. 

Ewers, C.; Janssen, T.; Kiessling, S.; 
Philipp, H.C. and Wieler, L.H. (2005). 
Rapid detection of virulence-associated 
genes in avian pathogenic Escherichia coli 
by multiplex polymerase chain reaction. 
Avian Dis., 49 (2): 269-273. 

Farghaly, E.M. and Mahmoud, H.B. (2011). 
The Roll Played By Some Aerobic Bacteria 
In Sudden Death Among Adult Pigeons. 
Egypt. Poult. Sci. Vol., (31) II: 549-556. 

Gordon, A.C. (2010).  Adenoviral, E. coli and 
Paratyphoid Infections in Pigeons. DVML 
ethbridge, Alberta, Canada. 

Haq, K.U.; Khan, A.A.; Ullah, S. and Nabi, 
G. (2015). Comparative Efficacy of Nor-
floxacin, Clarithromycin and Cefpodoxime 
against experimentally induced colibacillo-
sis in pigeons. Amer.-Euras. J. Toxico. Sci, 
7(2), 72-82. 

Hassan, H. and Bakeet, A. (2014). Character-
ization Of Escherichia Coli Strains Isolated 
From Infected Pigeons In Assiut Province. 
Assiut Veterinary Medical Journal, 60(142), 
 ‏.29-37

Hassan, M.M.; Yoseif, L.A. and Tantawy, 
A.L. (2008). Bacteriological and pathologi-



690 

Second International Conference of Animal Health Research Institute                                            Mona et al. 

cal investigation on naturally and experi-
mentally infected pigeons. 13th Sci. cong. 
2008, Fac. Vet. Med., Assiut Univ. Egypt, 
P: 205-226. 

Ibrahim, H.S. (2007). Bacteriological Studies 
on Pathogens in Egyptian Pigeons. 5th. Sci-
entfic Conference, Beni-Suef. Vet. Med. J., 
P: 187-197. 

 Ibrahim, R.A.; Cryer, T.L.; Lafi, S.Q.; Ba-
sha, E.A.; Good, L. and Tarazi, Y.H. 
(2019). Identification of Escherichia coli 
from broiler chickens in Jordan, their anti-
microbial resistance, gene characterization 
and the associated risk factors. BMC veteri-
nary research, 15(1), 159.‏ 

 Jan Ben, T.; Schwarz, C.; Preikschat, P.; 
Voss, M.; Philipp, H.C. and Wieler, L.H.
(2001). Virulence-associated genes in avian 
pathogenic Escherichia coli (APEC) isolat-
ed from internal organs of poultry having 
died from colibacillosis, International Jour-
nal of Medical Microbiology, 291: 371-378. 

Johnson, J. (1991). Virulence factors in Esch-
erichia coli urinary tract infection. Clin. Mi-
crobiol. Rev. 4: 80–128. 

Kabir, S.M.L. (2010). Avian Colibacillosis 
and Salmonellosis: A Closer Look at Epide-
miology, Pathogenesis, Diagnosis, Control 
and Public Health Concerns. Int. J. Environ. 
Res. Public Health 7(1): 89-114.  

Kanokwan, K.; Potjanee, S.; Wipawadee, S. 
and Wijit, W. (2009). Development of Mul-
tiplex PCR Assays for Detection of Antimi-
crobial Resistance Genes in Escherichia Coli 
and Enterococci. Journal of Rapid Methods 
& Automation in Microbiology 17 : 117–
134. 

Khudair, M.A. (2012). Detection of the main 
bacterial causative agents associated with 
pneumonia cases of pigeons in Al-Diwaniya 
province. AL-Qadisiya Journal of Vet. 
Med.Sci., 11 (1): 144-147. 

 

Kimpe, A.; Decostere, A.; Martel, A.; 
Haesebrouck, F. and Devriese, L.A. 
(2002). Prevalence of antimicrobial re-
sistance among pigeon isolates of Strepto-
coccus gallolyticus, Escherichia coli and 
Salmonella enterica serotype Typhimurium. 
Avian Pathol. 31: 393-397. 

Knobl, T.; Baccaro, M.R.; Moreno, A.M.; 
Gomes, T.A.; Vieira, M.A.; Ferreira, C.S. 
and Ferreira, A.J. (2001). Virulence prop-
erties of Escherichia coli isolated from os-
triches with respiratory disease. Veterinary 
Microbiology, 83: 71. 

Koga, V.L.; Scandorieiro, S.; Vespero, E.C.; 
Oba, A.; de Brito, B.G. and Brito, K.C.T. 
(2015). Comparison of antibiotic resistance 
and virulence factors among Escherichia 
coli isolated from conventional and free-
range poultry. Biomed Res. Int. 2015: 
618752. 

Kwon, S.G.; Cha, S.Y.; Choi, E.J.; Kim, B.; 
Song, H.J. and Jang, H.K. (2008). Epide-
miological prevalence of avian pathogenic 
E. coli differentiated by multiplex PCR from 
commercial chickens and hatchery in Korea. 
J. Bacteriol. Virol., 38, 179-188. 

Lakho, R.A.; Abro, S.H.; Tunio, M.T.; 
Zubair, M.; Abro, R.; Rind, R.; Leghari, 
R.A.; Malhi, K.K.; Rind, M.R. and Kam-
boh, A.A. (2017). Efficacy of quinolones 
and cephalosporins against antibiogram of 
Escherichia coli isolated from chickens. 
Journal of Rural Development and Agricul-
ture, 2(1), 66-71. 

Land, D.G. and Shepherd, R. (1988). Scaling 
and ranking methods in Piggot, J.R. (Ed.) 
Sensory Analysis of Foods, Sec. Ed, Else-
vier, London, Pp.155-185. 

Liu, X.Q.; Boothe, D.M.; Thungrat, K. and 
Aly, S. (2012). Mechanisms accounting for 
fluoroquinolone multidrug resistance Esche-
richia coli isolated from companion ani-
mals. Vet. Microbiol., 161(1-2): 159-168. 

 

https://mahidol.academia.edu/KanokwanKittiniyom


691 

Animal Health  Research Journal Vol. 7, No. 4,  November 2019                                                   pp. 677-692 

Manges, A.R. and Johnson, J.R. (2012). 
Food-borne origins of Escherichia coli caus-
ing extra intestinal infections. Clin Infect 
Dis.; 55: 712–9.  

Nyrah, Q.; Wani, S.A.; Nazir, N.; Hassan, 
M.N.; Farooq, S. and Kamil, Z.K.S. 
(2017). Isolation, virulence gene profiling 
with molecular cloning of ibeA gene and 
antibiogram of Escherichia coli from respir-
atory tract infections of broiler chicken in 
Kashmir, India. Journal of Applied and Nat-
ural Science, 9(3), 1710-1717. 

Parreira, V.R.; Arns, C.W. and Yano, T.
(1998). Virulence factors of avian Esche-
richia coli associated with swollen head 
syndrome. Avian Pathol.; 27(2): 148-154. 

Pedersen, K.; Clark, L.; Andelt, W.F. and 
Salman, M.D. (2006). Prevalence of shiga 
toxin-producing Escherichia coli and Sal-
monella enterica in rock pigeons captured in 
fort Collins, Colorado. J Wildlife Dis.; 42: 
46-55. 

Quinn, P.J.; Markey, B.K.; Leonard, F.C.; 
Fitzpatrick, E.S.; Fanning, S. and Harti-
gan, P.J. (2011). Veterinary microbiology 
and microbial disease. 2nd ed. London: 
Mosby-Year book Europe;  

Radimersky, T.; Frolkova, P.; Janoszowska, 
D.; Dolejska, M.; Svec,  P.; Roubalova, 
E.; Cikova, P.; Cizek, A. and Literak, I. 
(2010). Antibiotic resistance in faecal bacte-
ria (Escherichia coli, Enterococcus spp.) in 
feral pigeons. J Appl Microbiol 109: 1687-
1695. 

Riaz, A.M.; Aslam, A.; Rehman, M. and Ya-
qub, T. (2016). Pathological Investigation 
and Molecular Detection of Avian Patho-
genic E. coli Serogroups in Broiler Birds. J 
Vet Sci. Technol 7: 373.  

Roussan, D.A.; Zakaria, H.; Khawaldeh, G. 
and Shaheen, I. (2014). Differentiation of 
avian pathogenic Escherichia coli strains 
from broiler chickens by multiplex polymer-

ase chain reaction (PCR) and random ampli-
fied polymorphic (RAPD) DNA. Open J. 
Vet. Med. 4: 211-219. 

Sambrook, J.; Fritscgh, E.F. and Meniates, 
T. (1989). Molecular Cloning: A laboratory 
manual, vol. 1. Cold Spring Harbor Labora-
tory press, New York, 1989. 

Sampaio Baptista, A.A.; Kobayashi, R.K.T.; 
Venancio, E.J. and Vidotto, M.C. (2010). 
Cloning, expression and sequence diversity 
of iss gene from avian pathogenic Esche-
richia coli (APEC) isolated in Brazil. 
Semin. Cienc. Agrar.; 31(3): 723-732 . 

Sanches, L.A.; Gomes, M.D.S.; Teixeira, 
R.H.F.; Cunha, M.P.V.; Oliveira, 
M.G.X.D.; Vieira, M.A.M. and Knobl, T. 
(2017). Captive wild birds as reservoirs of 
enteropathogenic E. coli (EPEC) and Shiga-
toxin producing E. coli (STEC). brazilian 
journal of microbiology, 48(4), 760-763. 

Sharma, V.K.; Johnson, N.; Cizmas, L.; 
McDonald, T.J. and Kim, H.A. (2016). 
review of the  influence of treatment strate-
gies on antibiotic resistant bacteria and anti-
biotic resistance genes. Chemosphere.; 150: 
702–14.  

Shin, S.W.; Shin, M.K.; Jung, M.; Belayne-
he, K.M. and Yoo, H.S. (2015). Prevalence 
of antimicrobial resistance and transfer of 
tetracycline resistance genes in Escherichia 
coli isolates from beef cattle. Appl Environ 
Microbiol. 81(16): 5560–6.. 

Silva, V.L.; Nicoli, J.R.; Nascimento, T.C. 
and Diniz, C.G (2009). Diarrheagenic 
Escherichia coli strains recovered from ur-
ban pigeons (Columba livia) in Brazil and 
their antimicrobial susceptibility patterns. 
Curr. Microbiol. 59(3): 302-8. 

Stenzel, T.; Bancerz-Kisiel, A.; Tykałowski, 
B.; Śmiałek, M.; Pestka, D. and Koncicki, 
A. (2014). Antimicrobial resistance in bacte-
ria isolated from pigeons in Poland. Polish 
journal of veterinary sciences, 17(1), 169-



692 

Second International Conference of Animal Health Research Institute                                            Mona et al. 

171. 

Subedi, M.; Luitel, H.; Devkota, B.; Bhat-
tarai, R.K.; Phuyal, S.; Panthi, P. and     
Chaudhary, D.K. (2018). Antibiotic re-
sistance pattern and virulence genes content 
in avian pathogenic Escherichia coli 
(APEC) from broiler chickens in Chitwan, 
Nepal. BMC veterinary research, 14(1), 113. 

Tanaka, C.; Miyazawa, T.; Watari, M. and 
Ishiguro, N. (2005). Bacteriological survey 
of feces from feral pigeons in Japan. J Vet 
Med Sci.; 67: 951-953. 

Thaver, D.; Ali, S.A. and Zaidi, A.K.M. 
(2009). Antimicrobial resistance among ne-
onatal pathogens in developing countries. 
Pediatr Infect Dis J 28: S19–S21. 

 Vasconcelos, R.H.; Bezerra, W.G.A.; Si-
queira, R.A.S.; de Medeiros, P.H.Q.S.; 
Lucena, R.B.; Havt, A. and Maciel, W.C. 
(2017). Natural Coinfection of Pseudomo-
nas aeruginosa and Entero aggregative 
Escherichia coli in a feral pigeon (Columba 
livia). Acta Scientiae Veterinariae, 45, 1-4. 

Won, G.Y.; Moon, B.M. and Oh, I.G. 
(2009). Profiles of virulence-associated 
genes of avian pathogenic Escherichia coli 
isolates from chickens with colibacillosis. J 
Poult Sci.; 46(3): 260- 266.  

Zigo, F.; Takac, L.; Zigova, M.; Takacova, 
J. and Vasi, M. (2017). Occurrence of Anti-
biotic-Resistant Bacterial Strains Isolated in 
Carrier Pigeons during the Race Season. 
Journal of Chemical and Pharmaceutical 
Sciences Print ISSN, 974, 2115. 


