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Abstract

The objective of the present study the rfb gene clusters in avian pathogenic E. coli cardinal serotypes O1, 02
and O78 strains and to develop a multiplex polymerase chain reaction method for serotyping of the O-antigens. The
multiplex polymerase chain reaction method was used for the identification of serotypes of APEC. The second part
of the study was to study the pathological lesions caused by most prevalent sero group in experimentally infected
broiler chicks. A total of 100 tissue samples (50 lungs and livers each) were collected from colibacillosis suspected
broiler birds and subjected to isolation and identification of E. coli by conventional methods. Multiplex PCR was
used for confirmation of three serogroups i.e., 01, 02 and O78. We found more O2 33% than O1 8% and O78 zero
percent. These results suggested the prevalence of O2 sero group in our study. The prevalent sero group (02) was
experimentally inoculated in broiler birds at day 7 of their age. Lungs and liver samples from these experimentally
infected birds were taken at days 14 and 21 of their age and subjected to histopathology. We found that there was
hepatomegaly, coagulative necrosis, congestion and infiltration of inflammatory cells in infected livers. The lungs
were congested and there were macrophages, lymphocytes and heterophils too. There was mostly hepatic form of

colibacillosis with this infective strain.
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Introduction

Escherichia coli is a gram negative bacterium, uniform staining,
non-acid fast, non-spore forming bacillus usually 2-3 x 10° um. Most
of E. coli is non-pathogenic but some strains which can establish
themselves outside of the intestine they lead to disease. E. coli serotypes
which cause systemic diseases in birds are called avian pathogenic E.
coli (APEC).

APEC is the causative agent of colibacillosis, distinguished by
multiple organ lesions like pericarditis, airsacculitis, peritonitis,
perihepatitis, salpingitis, osteomyelitis, synovitis, or yolk sac infection.
One of the principal causes of morbidity and mortality in poultry
worldwide is colibacillosis. Infection of the respiratory tract causes
high economic losses followed by septicemia [1]. Escherichia coli are
the normal intestinal inhabitant in poultry. It is opportunistic bacteria
which attack when the immunity of the bird is compromised. It is not
only pathogenic to avian species but recent studies have revealed that it
has the zoonotic potential for human beings too as recent studies show
the possibility of avian pathogenic.

Escherichia coli being incriminated in extra intestinal diseases in
humans as well [2]. The present study was conducted to study the rfb
gene clusters in avian pathogenic E. coli cardinal serotypes O1, O2
and O78 strains and to develop a multiplex polymerase chain reaction
method for serotyping of the O-antigens. The multiplex polymerase
chain reaction method was used for the identification of serotypes
of APEC. The second part of the study was to study the pathological
lesions caused by most prevalent serogroup in experimentally infected
broiler chicks [3,4].

Materials and Methods
Isolation and identification

A total of 100 tissue samples (50 lungs and 50 livers) were collected
from colibacillosis suspected broiler birds. Tissue samples were used

for streaking on different growth media. MacConkey agar was used
as primary culture media. Swabs from Colibacillosis suspected lungs
and liver were taken and swabbing was performed on MacConkey agar.
Colonial morphology and pink color colonies were observed. A single
colony from positive MacConkey plates was taken and streaked on to
EMB agar. This medium is selective for E. coli. Green metallic sheen was
observed on EMB agar. Congo red media was used for differentiation
between pathogenic and non-pathogenic bacteria. Pink colored
colonies were considered as pathogenic [5].

DNA extraction

A Gene-Jet Genomic DNA Purification Kit (Thermo Fischer
scientific catalog No. K0722-250) was used for the extraction of DNA
from tissues samples. Purity and concentration of DNA was tested by
using Nano Drop spectrophotometer (ND-2000 UV-Vis Nano Drop
Technologies Wilmington, DE). For the present study, reported primers
were used (Tables 1 and 2; Chart 1).

Amplification of bacterial nucleic acid

Amplification of E. coli DNA in the sample of broiler birds was
conducted and then amplicons were confirmed with the help of agarose
gel electrophoresis. It is a process in which various things of different
charges and molecular weight are divided by an electric field. These
substances undergo traveling various distances through agarose gels.
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Primers Sequences (5’ to 3’) Product size
ECO-F 5’CGATGTTGAGCGCAAGGTTG 3
ECO1-R 5CATTAGGTGTCTCTGGCACG 3 263 bp
ECO2-R 5’GATAAGGAATGCACATCGCC 3 355 bp
ECO78-R 5TAGGTATTCCTGTTGCGGAG 3’ 623 bp
Table 1: Primer sequence and their details.
Stages PCR Conditions Cycles
Initial Denaturation 95°C for 5 min 1
Denaturation 95°C for 2 min
Annealing 57°C for 30 seconds 30
Extension 72°C for 40 seconds
Final Extension 72°C for 10 min 1
Table 2: Thermocycler Conditions for PCR.
Reagents V‘:LULTe
DNA (50 ng/uL) 1.0
PCR master mix (Fermentas, 125
USA)
Water 7.5
Primers ECO-F ECO1-R = ECO2-R | ECO78-R
1 1 1 1

Chart 1: PCR reaction mixture composition.

1.2% gel was prepared to check the PCR product by boiling 1.2 g of
agarose powder in 100 mL of TAE Buffer (Tris, Glacial Acetic Acid and
EDTA) in the microwave till the agarose was completely dissolved.

Then 5 pL of Ethidium bromide (Cons.10 mg/mL) was added into
the gel solution. Ethidium bromide results in the staining of DNA by
allowing the line to be look at under ultra-violet (UV) light. Gel was
poured in a dual comb caster and stay for half-an-hour [6-8]. Then the
gel was put in the electrophoresis tank and PCR products were suffused
with it. Before loading the PCR products to the wells of the gel plate,
tracking dye Bromophenol blue was added so that the distance traveled
on the agarose plate could be seen more easily. For each row of wells, 4
uL PCR products with 3 pL loading dye were loaded. 100 volts charge
was passed through the gel for 30 minutes. This resulted in the travelling
of negatively charged DNA towards the positively charge electrode. The
gel was then observed under UV light in Gel documentation system
(Bio-Rad) and photographed.

Inoculum preparation

For Colony Forming Unit count (CFU), the organisms were
grown in nutrient broth with yeast extract for overnight. Then 10 fold
dilutions were made and 0.5 ml of each dilution will be transferred to
the nutrient agar aseptically. The diluted samples were spread on the
petri plate with sterile L-shaped glass spreader. The plates were then
incubated at 37°C for 24-48 hours. Only those plates displaying 30-300
colonies were counted following incubation. The number of bacteria
per ml of original sample was obtained by multiplying the diluting
factor with the number of colonies. The results of CFU were expressed
as number of organisms per ml of sample. Each bird was injected with
1 ml suspension of E. coli (4.5 x 107).

Experimental infection and pathological investigation

After confirmation of avian pathogenic E. coli by PCR, 2 groups

(20 chicks in each group) of broiler chicks were made. One group
was infected with most prevalent serogroup of avian pathogenic E.
coli via intra-tracheal route and second group was the control group
which was not infected. Birds were inspected for any gross pathological
lesions. After that postmortem study was performed on each group and
difference of pathological lesions were noted. Histopathology of the
organs affected was done by following schedule (Table 3) [3,9-12].

Histopathology

Tissue samples were collected for histopathological examinations.
These were processed with standard techniques for fixation,
dehydration, clearing, embedding, sectioning and staining.

Statistical design

Statistical analysis was conducted with the Statistical Package for
Social Science, (SPSS for Windows version 20, SPSS Inc., Chicago, IL,
USA). The data was analyzed by statistical analysis using chi square.
P<0.05 was considered as level of significance [13,14].

Results

Results of isolation and identification

A total of 100 tissue samples (Lungs and Livers) were collected and
streaked on different growth media. First of all, samples were streaked
directly on MacConkey agar which was used as primary growth media.
A total of 80 samples were found positive for E. coli on MacConkey agar
out of 100 samples (80%). These were further streaked on EMB agar
(Eosin Methylene Blue) out of which 60 petri plates (75%) were found
positive which gave confirmatory metallic green sheen [15]. Congo
red media was used for differentiation between pathogenic and non-
pathogenic E. coli. Twenty four petri plates out of 60 EMB growth plates
were found Pathogenic which were observed as pink colonies on Congo
red media (40%) (Figure 1).

Results of PCR

DNA from 24 Congo red positive colonies was extracted and was
confirmed by gel electrophoresis of 1.2% gel. Polaroid photo of the gel
was taken by using Gel documentation system was used for recording
the band of obtained. Twenty four samples were found pathogenic on
the basis of pink colonies on Congo red media. These samples were
further processed for confirmation of three serogroups of E. coli i.e.,
01, 078 and O2 by PCR. Out of twenty four pathogenic isolates, 8
isolates were found to be of O2 serogroup on the basis of PCR. So out
of total 100 tissue samples 8 samples were found pathogenic (8%). Two
DNA samples were found to be of O1 serogroup on the basis of 263 bp
bands on gel electrophoresis (2%) [16,17]. So, in our present study O2
serogroup was found in most of the extracted DNA samples i.e., 33%
of 24 pathogenic isolates. O1 serogroup was only found to be 8% i.e.,
2 samples out of 24 samples. No DNA sample of O78 serogroup was
found in our study samples (Figure 2).

Results of histopathology

It was noted that there was mononuclear cells infiltration and thin

Days of Trial Group 1 Group 2
Day 7 Infected by intra-tracheal Not infected
route
Day 14 Lungs and liver collection Lungs and liver collection
Day 21 Lungs and liver collection Lungs and liver collection

Table 3: Experimental Design.
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Figure 1: Results of isolation and identification.

Figure 2: Gel electrophoresis of PCR product showing amplification of
355bp fragment of E. coli serogroup O2. Where in Lane; L1=Gene Ruler
250 bp DNA Ladder (Thermo scientific); L2=Sample with O, serogroup;
L3=Sample with O,; Serogroup L4=Sample with O, serogroup.

fibrinous layer over liver. Thickening of the liver capsule was noted due
to invasion of mononuclear cells and there was marked congestion in
hepatic portal areas and the central vein. There was atrophy of adjoining
hepatic cords due to greatly distended and congested sinusoids. Besides
these changes, hepatic cells in various phases of degeneration along
with hemorrhages, areas of congestion and fatty changes in a few
areas could be seen [18]. There was total demolition of hepatic cord
settlement at some places. Necrotic areas were invaded predominantly
by mononuclear cells and usual foci of necrosis were also observed. In
chicks, the changes in liver were noticed at 14 and 21 days post infection.
At first there was slight invasion of mononuclear cells in the portal
areas, which was average to severe at subsequent intervals. Additionally,
the deleterious changes and vacuolation in the hepatocyte were also
observed in a few places [19-22]. There was infiltration of heterophils,
severe congestion, lymphocytes and macrophages in the peribronchial
alveoli as well as the wall of the bronchus. There was marked presence
of granuloma in lungs. Some birds displayed thickening of the pleura
and consolidated areas covered with yellowish fibrin in lungs (Figures
3a-3d).

Discussion

E. coli causes drastic types of ailments such as coli granuloma
(Hjarre’s disease), pericarditis, avian cellulites (inflammatory process),
salpingitis, osteomyelitis, colisepticemia, swollen head, syndrome air
sacculitis, panophthalmitis, peritonitis, enteritis, omphalitis / yolk sac
infection and synovitis [1]. In this current study, all the described forms
of colibacillosis were not observed [23]. However, the observed forms
of colibacillosis could be classified as a fibrinous layer over the liver
surface. E. coli alone does not fabricate typical gross lesions. The lesions
are most eminent when concurrently affected with other organisms such
as Mycoplasma. E. coli can cause disease by attaching with the mucosal

epithelia and another form by incursion to the mucosal epithelia. The
observed lesions of liver were in the form of necrosis, degeneration, and
severe inflammation associated with desquamation of mucosal epithelia
[24]. Based on the observed lesions, the form of colibacillosis in the
current study could be classified into hepatic form of colibacillosis.
These types of histopathological lesions were reinforced by different
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A: Coagulated necrosis; B: Infiltration of inflammatory cells; C: Congestion

Figure 3a: Histopathological view of diseased liver.

A: Mononuclear cells infiltration;
B: Fatty degeneration

Figure 3b: Histopathological view of diseased liver.

1: Lumen of the Parabronchus (Tertiary Bronchus); 2:
Conical Ducts, Atria; 3: Air Capillaries; 4: Blood
Vessels Filled with Nucleated Erythrocytes

Figure 3c: Histopathological view of normal lung.
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A: Severe Congestion; B: Infiltration of inflamatory cells

Figure 3d: Histopathological view of E. coli infected lungs.

authors. There was infiltration of heterophils, severe congestion,
lymphocytes and macrophages in the peribronchial alveoli as well as
in the wall of the bronchus. There was marked presence of granuloma
in lungs. In liver, severe infiltration of leukocytes mononuclear cells
were observed. Hepatomegaly and enlarged lungs were also noted.
Microscopically, all deceased birds did not displayed analogous gravity
of lesions in all organs in the current study correlated with the findings
of others [4-6]. Colibacillosis is a contagious ailment of birds caused by
E. coli [7] which is classified as one of the main reasons of morbidity
and mortality, connected with huge financial losses to the poultry
sector by its alliance with different disease conditions, either as primary
pathogen or as a secondary pathogen [8,25,26]. Localized or systemic
colibacillosis can have a variety of symptoms. In this study, there
were same findings with the previous studies. Coli-granuloma is an
infrequent form of colibacillosis, which is characterized by granulomas
in caecum, duodenum, liver and mesentery. Coli-granuloma was found
in liver and lung in our cases. The histopathological changes observed
in the present study had similarities to observations in earlier [7]. It
has been noted in the previous studies that there has been pitiful
flock performance correlated with increased early mortality rates [9].
Hatchery practices have been reported as the cause of early mortalities
of layer and broiler breeders. Twenty four locally isolated isolates of E.
coli were tested by ECO-F, ECO1-R, ECO2-R and ECO78-R primers
and showed 355-bp products from eight field samples after 1.2%
agarose gel electrophoresis. Traditionally, isolation and identification of
E. coli was used as the main tool for the diagnosis of colibacillosis. The
isolation and identification rely upon the culture of the organism using
various selective media and biochemical tests. PCR and its comparable
methods have been reported to identify E. coli, instead of biochemical
and ELISA tests. The PCR is used as a highly sensitive and peculiar test
for the presence of pathogenic bacteria in clinical specimens [10]. PCR
is also reliable and swifter than traditionally culture methods [11]. We
also found the same results in the current study [27,28]. In this study,
the isolated E. coli organisms from all collected birds were cultured in
MacConkey agar, EMB agar and Congo red media, DNA was extracted
and amplified by PCR using ECO-F, ECO1-R, ECO2-R and ECO78-R
primers targeting E. coli DNA and found 355 bp amplicon after 1.2%
agarose gel electrophoresis. The similar result also found by other
authors [12]. This base pair is specific for E. coli O2 serogroup not for
others [29-32].

The recent study assisted similar findings to those observed in layer
flocks, with E. coli infections being due to multiple strains of E. coli [13].
This study supports the Koch’s postulates for APEC according to which
wild type pathogen originally isolated in an outbreak of APEC infection
in the field could cause disease in healthy chickens infected with the
cultured strain [33].

Conclusion

It was concluded with the results of present study that there are
different serogroups of avian pathogenic E. coli in field and PCR is
best technique to recognize the different strains of E. coli. The results
of histopathology also confirmed that experimental infection of
pathogenic serogroup O, produce pronounced lesions in lungs and
livers of broiler birds and there is early mortality and decreased weight
gain.

References

1. Barnes HJ, Gross WB (1997) Colibacillosis. In: Diseases of Poultry. Gross WB
(ed.), lowa State University Press, Ames lowa, pp: 131-141.

2. Ewers C, Li G, Wilking H, Kiebling S, Alt K, et al. (2007) Avian pathogenic,
uropathogenic, and newborn meningitis-causing Escherichia coli: how closely
related are they? Intl J Med Microbiol 297: 163-176.

3. Kapakin KAT, Kapakin S, Kurt A, Iskender H, Altun S, et al. (2015)
Histopathological Findings and Apoptosis Caused by E. coli in Layer Birds. Pak
Vet J 35: 525-527.

4. Talha AFSM, Hossain MM, Chowdhury EH, Bari ASM, Islam MR, et al.
(2001) Poultry diseases occurring in Mymensingh district of Bangladesh. The
Bangladesh Veterinarian 18: 20-23.

5. Islam MR, Das BC, Hossain K, Lucky NS, Mostafa MG (2003) A study on the
occurrence of poultry diseases in Sylhet region of Bangladesh. Int J Poult Sci
2: 354-356.

6. Ghosh RC, Hirpurkar SD, Suryawanshi PR (2006) Concurrent colibacillosis
and infectious bursal disease in broiler chicks. Indian Vet J 83: 1019-1020.

7. Barnes HJ, LK Nolan, Vaillancourt JF (2008) Colibacillosis. 12th edn. In:
Diseases of Poultry. Saif YM (Editor). Blackwell Publishing, USA, pp: 691-732.

8. Tonu NS, Sufian MA, Sarker S, Kamal MM, Rahman MH, et al. (2012)
Pathological study on colibacillosis in chickens and detection of Escherichia
coli by PCR. Bangla J Vet Med 9: 17-25.

9. Ugozzoli L, Wallace RB (1991) Allele-specific polymerase chain reaction.
Methods 2: 42-48.

10. Cohen ND, Neibergs HL, McGruder ED, Whitford HW, Behle RW, et al. (1993)
Genus-specific detection of salmonellae using the polymerase chain reaction
(PCR). J Vet Diagnos Invest 5: 368-371.

11. Carli KT, Unal CB, Caner V, Eyigor A (2001) Detection of Salmonellae in chicken
feces by a combination of tetrathionate broth enrichment, capillary PCR, and
capillary gel electrophoresis. J Clin Microbiol 39: 1871-1876.

12. KumarA, Jindal N, Shukla CL, Asrani RK, Ledoux DR, et al. (2004) Pathological
changes in broiler chickens fed ochratoxin A and inoculated with Escherichia coli.
Avian Pathol 33: 413-417.

13. Olsen RH, Stockholm NM, Permin A, Christensen JP, Christensen H, et al.
(2011) Multi-locus sequence typing and plasmid profile characterization of avian
pathogenic Escherichia coli associated with increased mortality in free-range layer
flocks. Avian Pathol 40: 437-444.

14. Bauer AP, Dieckmann SM, Ludwig W, Schleifer KH (2007) Rapid identification of
Escherichia coli safety and laboratory strain lineages based on Multiplex-PCR.
FEMS Microbiol Lett 269: 36-40.

15. Blanco JE, Blanco M, Mora A, Jansen WH, Garcia V, et al. (1998) Serotypes of
Escherichia coli isolated from septicaemic chickens in Galicia (northwest Spain).
Vet Microbiol 61: 229-235.

16. Blattner FR, Plunkett G, Bloch CA, Perna NT, Burland V, et al. (1997) The complete
genome sequence of Escherichia coli K-12. Science 277: 1453-1462.

J Vet Sci Technol
ISSN: 2157-7579 JVST, an open access journal

Volume 7 « Issue 5 + 1000373


http://www.sciencedirect.com/science/article/pii/S1438422107000173
http://www.sciencedirect.com/science/article/pii/S1438422107000173
http://www.sciencedirect.com/science/article/pii/S1438422107000173
http://www.pvj.com.pk/pdf-files/35_4/525-527.pdf
http://www.pvj.com.pk/pdf-files/35_4/525-527.pdf
http://www.pvj.com.pk/pdf-files/35_4/525-527.pdf
https://www.researchgate.net/publication/285796379_Poultry_diseases_occurring_in_Mymensingh_district_of_Bangladesh
https://www.researchgate.net/publication/285796379_Poultry_diseases_occurring_in_Mymensingh_district_of_Bangladesh
https://www.researchgate.net/publication/285796379_Poultry_diseases_occurring_in_Mymensingh_district_of_Bangladesh
https://www.researchgate.net/publication/26557446_A_Study_on_the_Occurrence_of_Poultry_Diseases_in_Sylhet_Region_of_Bangladesh
https://www.researchgate.net/publication/26557446_A_Study_on_the_Occurrence_of_Poultry_Diseases_in_Sylhet_Region_of_Bangladesh
https://www.researchgate.net/publication/26557446_A_Study_on_the_Occurrence_of_Poultry_Diseases_in_Sylhet_Region_of_Bangladesh
http://cat.inist.fr/?aModele=afficheN&cpsidt=18080794
http://cat.inist.fr/?aModele=afficheN&cpsidt=18080794
https://books.google.co.in/books?id=ZVZ4whXoJa4C&pg=PA499&dq=Diseases+of+Poultry+Gross+WB+(Editor)&hl=en&sa=X&ved=0ahUKEwixgK_01qnOAhUKwI8KHfsZANcQ6AEINDAD#v=onepage&q=Diseases of Poultry Gross WB (Editor)&f=false
https://books.google.co.in/books?id=ZVZ4whXoJa4C&pg=PA499&dq=Diseases+of+Poultry+Gross+WB+(Editor)&hl=en&sa=X&ved=0ahUKEwixgK_01qnOAhUKwI8KHfsZANcQ6AEINDAD#v=onepage&q=Diseases of Poultry Gross WB (Editor)&f=false
http://www.banglajol.info/index.php/BJVM/article/view/11205
http://www.banglajol.info/index.php/BJVM/article/view/11205
http://www.banglajol.info/index.php/BJVM/article/view/11205
http://www.sciencedirect.com/science/article/pii/S1046202305801240
http://www.sciencedirect.com/science/article/pii/S1046202305801240
http://vdi.sagepub.com/content/5/3/368.short
http://vdi.sagepub.com/content/5/3/368.short
http://vdi.sagepub.com/content/5/3/368.short
http://jcm.asm.org/content/39/5/1871.short
http://jcm.asm.org/content/39/5/1871.short
http://jcm.asm.org/content/39/5/1871.short
http://www.tandfonline.com/doi/abs/10.1080/03079450410001724021
http://www.tandfonline.com/doi/abs/10.1080/03079450410001724021
http://www.tandfonline.com/doi/abs/10.1080/03079450410001724021
http://www.tandfonline.com/doi/abs/10.1080/03079457.2011.592822
http://www.tandfonline.com/doi/abs/10.1080/03079457.2011.592822
http://www.tandfonline.com/doi/abs/10.1080/03079457.2011.592822
http://www.tandfonline.com/doi/abs/10.1080/03079457.2011.592822
http://femsle.oxfordjournals.org/content/femsle/269/1/36.full.pdf
http://femsle.oxfordjournals.org/content/femsle/269/1/36.full.pdf
http://femsle.oxfordjournals.org/content/femsle/269/1/36.full.pdf
http://www.sciencedirect.com/science/article/pii/S0378113598001825
http://www.sciencedirect.com/science/article/pii/S0378113598001825
http://www.sciencedirect.com/science/article/pii/S0378113598001825
http://science.sciencemag.org/content/277/5331/1453.short
http://science.sciencemag.org/content/277/5331/1453.short

Citation: Riaz AM, Aslam A, Rehman M, Yaqub T (2016) Pathological Investigation and Molecular Detection of Avian Pathogenic E. coli Serogroups
in Broiler Birds. J Vet Sci Technol 7: 373. doi: 10.4172/2157-7579.1000373

Page 5 of 5

17. Chen J, Griffiths MW (1998) PCR differentiation of Escherichia coli from other

Gram-negative bacteria using primers derived from the nucleotide sequences
flanking the gene encoding the universal stress protein. Lett Appl Microbiol 27:
369-371.

18. Delannoy S, Beutin L, Burgos Y, Fach P (2012) Specific detection of

enteroaggregative hemorrhagic Escherichia coli O104: H4 strains by use of the
CRISPR locus as a target for a diagnostic real-ime PCR. J Clin Microbiol 50: 3485-3492.

19. Ewers C, Janben T, Kiebling S, Philipp HC, Wieler LH (2004) Molecular epidemiology

of avian pathogenic Escherichia coli (APEC) isolated from colisepticemia in poultry.
Vet Microbiol 104: 91-101.

20. Fratamico PM, Briggs CE, Needle D, Chen CY, DebRoy C (2003) Sequence of the

2

=

Escherichia coli 0121 O-antigen gene cluster and detection of enterohemorrhagic
E. coli 0121 by PCR amplification of the wzx and wzy genes. J Clin Microbiol 41:
3379-3383.

. Goren E (1978) Observations on experimental infection of chicks with Escherichia
coli. Avian Pathol 7: 213-224.

22. Janben T, Schwarz C, Preikschat P, Voss M, Philipp HC, et al. (2001) Virulence-

associated genes in avian pathogenic Escherichia coli (APEC) isolated from
internal organs of poultry having died from colibacillosis. Int J Med Microbiol 291:
371-378.

23. Kemmett K, Williams NJ, Chaloner G, Humphrey S, Wigley P, et al. (2014)

The contribution of systemic Escherichia coli infection to the early mortalities of
commercial broiler chickens. Avian Pathol 43: 37-42.

24.Li G, Laturnus C, Ewers C, Wieler LH (2005) Identification of genes required

for avian Escherichia coli septicemia by signature-tagged mutagenesis. Infect
Immun 73: 2818-2827.

25.

26.

2

<

28.

29.

30.

3

=

32.

33.

Mbanga J, Nyararai YO (2015) Virulence gene profiles of avian pathogenic
Escherichia coli isolated from chickens with colibacillosis in Bulawayo,
Zimbabwe. Onderstepoort J Vet Res 82: 1-8.

McPeake SJW, Smyth JA, Ball HJ (2005) Characterisation of avian pathogenic
Escherichia coli (APEC) associated with colisepticaemia compared to faecal
isolates from healthy birds. Vet Microbiol 110: 245-253.

. Osek J (2001) Multiplex polymerase chain reaction assay for identification of

enterotoxigenic Escherichia coli strains. J Vet Diagnos Invest 13: 308-311.

Parreira VR, Gyles CL (2003) A novel pathogenicity island integrated adjacent
to the thrW tRNA gene of avian pathogenic Escherichia coli encodes a
vacuolating autotransporter toxin. Infect Immun 71: 5087-5096.

Paton AW, Paton JC (1998) Detection and Characterization of Shiga Toxigenic
Escherichia coli by Using Multiplex PCR Assays forstx 1, stx 2, eaeA,
Enterohemorrhagic E. coli hlyA, rfb O111, and rfb O157. J Clin Microbiol 36:
598-602.

Rahman MA, Samad MA, Rahman MB, Kabir SML (2004) Bacterio-pathological
studies on salmonellosis, colibacillosis and pasteurellosis in natural and
experimental infections in chickens. Bangladesh J Vet Med 2: 1-8.

. Rodriguez-Siek KE, Giddings CW, Doetkott C, Johnson TJ, Nolan LK (2005)

Characterizing the APEC pathotype. Vet Res 36: 241-256.

Tenover FC, Arbeit RD, Goering RV, Mickelsen PA, Murray BE, et al. (1995)
Interpreting chromosomal DNA restriction patterns produced by pulsed-field gel
electrophoresis: criteria for bacterial strain typing. J Clin Microbiol 33: 2233.

Wang S, Meng Q, Dai J, Han X, Han Y, et al. (2014) Development of an
allele-specific PCR assay for simultaneous sero-typing of avian pathogenic
Escherichia coli predominant O1, 02, O18 and O78 strains. PloS one 9:
€96904.

J Vet Sci Technol
ISSN: 2157-7579 JVST, an open access journal

Volume 7 + Issue 5 + 1000373


http://onlinelibrary.wiley.com/doi/10.1046/j.1472-765X.1998.00445.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1472-765X.1998.00445.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1472-765X.1998.00445.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1472-765X.1998.00445.x/abstract
http://jcm.asm.org/content/50/11/3485.short
http://jcm.asm.org/content/50/11/3485.short
http://jcm.asm.org/content/50/11/3485.short
http://www.sciencedirect.com/science/article/pii/S0378113504003311
http://www.sciencedirect.com/science/article/pii/S0378113504003311
http://www.sciencedirect.com/science/article/pii/S0378113504003311
http://jcm.asm.org/content/41/7/3379.short
http://jcm.asm.org/content/41/7/3379.short
http://jcm.asm.org/content/41/7/3379.short
http://jcm.asm.org/content/41/7/3379.short
http://www.tandfonline.com/doi/abs/10.1080/03079457808418274
http://www.tandfonline.com/doi/abs/10.1080/03079457808418274
http://www.sciencedirect.com/science/article/pii/S1438422104700466
http://www.sciencedirect.com/science/article/pii/S1438422104700466
http://www.sciencedirect.com/science/article/pii/S1438422104700466
http://www.sciencedirect.com/science/article/pii/S1438422104700466
http://www.tandfonline.com/doi/abs/10.1080/03079457.2013.866213
http://www.tandfonline.com/doi/abs/10.1080/03079457.2013.866213
http://www.tandfonline.com/doi/abs/10.1080/03079457.2013.866213
http://iai.asm.org/content/73/5/2818.short
http://iai.asm.org/content/73/5/2818.short
http://iai.asm.org/content/73/5/2818.short
http://www.scielo.org.za/scielo.php?pid=S0030-24652015000100003&script=sci_arttext&tlng=es
http://www.scielo.org.za/scielo.php?pid=S0030-24652015000100003&script=sci_arttext&tlng=es
http://www.scielo.org.za/scielo.php?pid=S0030-24652015000100003&script=sci_arttext&tlng=es
http://www.sciencedirect.com/science/article/pii/S0378113505002609
http://www.sciencedirect.com/science/article/pii/S0378113505002609
http://www.sciencedirect.com/science/article/pii/S0378113505002609
http://vdi.sagepub.com/content/13/4/308.short
http://vdi.sagepub.com/content/13/4/308.short
http://iai.asm.org/content/71/9/5087.short
http://iai.asm.org/content/71/9/5087.short
http://iai.asm.org/content/71/9/5087.short
http://jcm.asm.org/content/36/2/598.short
http://jcm.asm.org/content/36/2/598.short
http://jcm.asm.org/content/36/2/598.short
http://jcm.asm.org/content/36/2/598.short
http://www.banglajol.info/bd/index.php/BJVM/article/viewArticle/1926
http://www.banglajol.info/bd/index.php/BJVM/article/viewArticle/1926
http://www.banglajol.info/bd/index.php/BJVM/article/viewArticle/1926
http://www.vetres.org/articles/vetres/abs/2005/02/v4044/v4044.html
http://www.vetres.org/articles/vetres/abs/2005/02/v4044/v4044.html
http://jcm.asm.org/content/33/9/2233.short?rss=1&ssource=mfc
http://jcm.asm.org/content/33/9/2233.short?rss=1&ssource=mfc
http://jcm.asm.org/content/33/9/2233.short?rss=1&ssource=mfc
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0096904
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0096904
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0096904
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0096904

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods
	Isolation and identification
	DNA extraction
	Amplification of bacterial nucleic acid
	Inoculum preparation
	Experimental infection and pathological investigation
	Histopathology
	Statistical design

	Results
	Results of isolation and identification
	Results of PCR
	Results of histopathology

	Conclusion
	Discussion
	Table 1
	Table 2
	Table 3
	Chart 1
	Figure 1
	Figure 2
	Figure 3a
	Figure 3b
	Figure 3c
	Figure 3d
	References

