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Abstract

Background and Aim: Avian colibacillosis, which is caused by avian pathogenic Escherichia coli (APEC), is a major
bacterial disease that affects birds of all ages worldwide, causing significant economic losses. APEC manifests in several
clinical forms, including cellulitis, and its high pathogenicity is attributed to harboring numerous virulence-associated genes
(VGs). This study evaluated the pathogenicity of the cellulitis-derived E. coli (O78) strain through molecular identification
of genes coding for seven virulence factors and by conducting an in vivo assessment of capability for cellulitis induction in
broiler chickens.

Materials and Methods: This study was performed using a previously isolated and identified cellulitis-derived E. coli
(O78), which was screened for seven VGs using molecular detection and identification through polymerase chain reaction
followed by nucleotide sequencing and phylogenetic analysis. Experimental infection by subcutaneous (SC) inoculation in
broilers and its pathogenicity was confirmed in vivo by cellulitis induction. The impact of cellulitis on broiler performance
was assessed.

Results: Molecular genotyping proved that the isolate harbored five virulence genes (iroN, iutA, tsh, iss, and papC) and was
negative for stx1 and hly genes. The amplified products for iroN, iss, and iutA were subjected to sequencing and phylogenetic
analysis, and the results indicate the highest similarity and matching with E. coli submitted to the National Center for
Biotechnology Information GenBank. SC inoculation of bacteria in broiler chickens resulted in cellulitis, as indicated
by thick red edematous skin with yellowish-white material in the SC tissue at the inoculation site, and the abdominal
muscle showed redness and increased vacuolization. Histopathological examination revealed moderate-to-severe caseous
inflammatory reaction with a marked accumulation of heterophils and mononuclear cells in the SC fatty tissue. The average
feed intake, body weight gain (BWG), and feed conversion ratio (FCR) were lower in infected chickens in comparison with
those of the control non-infected chickens.

Conclusion: This study proves that molecular techniques are accurate for pathogenicity determination in virulent bacteria,
with the advantages of being rapid, time-saving, and economical. Cellulitis is associated with economic losses that are
represented by a lower BWG and FCR.

Keywords: avian pathogenic Escherichia coli, cellulitis, colibacillosis, polymerase chain reaction, virulence-associated
genes.

Introduction caused by avian pathogenic Escherichia coli (APEC),

Avian colibacillosis is an infectious disease  Which is a sub-pathotype of the extraintestinal

affecting birds of all ages. It is a major bacterial disease
that adversely impacts the poultry industry, resulting
in significant economic losses and welfare concerns
worldwide [1,2]. Economic losses are attributed to the
high costs of treatment and vaccination, lower growth
rate and egg production, high mortality, and carcass
condemnation at slaughterhouses [2]. The disease is
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pathogenic E. coli, with zoonotic potentiality [2,3].
Colibacillosis is a complex syndrome that can mani-
fest as a localized or systemic infection, such as yolk
sac infection, respiratory tract infection, swollen head
syndrome, septicemia, polyserositis, coligranuloma,
enteritis, salpingitis, pericarditis, perihepatitis, and
cellulitis [2,4].

One of the most important forms of avian coli-
bacillosis is avian cellulitis (AC), which results from
subcutaneous (SC) invasion of bacteria. AC has
emerged as an economically significant disease syn-
drome in broiler chickens due to increased condemna-
tion, downgrading at processing, and increased costs
associated with the trimming and reprocessing of
affected carcasses [5]. AC is characterized by a diffuse
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spreading edematous with suppurative inflammation
of the deep SC tissues, sometimes extending into the
muscle and frequently associated with abscess forma-
tion, commonly referred to as “plaques” [6]. Clinically,
the affected birds appear normal, and lesions are not
detected until processing [7]. AC is caused by numer-
ous bacterial species, but APEC remains the most
frequently isolated bacteria [6,8-10], while E. coli iso-
lated from cellulitis lesions were more likely to induce
cellulitis lesions in experimentally infected birds than
in non-cellulitis-derived strains [11].

The high pathogenicity of APEC is attributed
to harboring numerous virulence-associated genes
(VGs) that enable bacteria to invade, colonize, and
evade the immune system, thus causing an extrain-
testinal form of avian colibacillosis. Many viru-
lence-associated factors were expressed in E. coli
strains that had been isolated from cellulitis and other
colibacillosis lesions [12,13]. A study suggested that
eight VGs—P-fimbriae (papC); aerobactin (iucD);
iron repressible protein (irp2); temperature-sensitive
hemagglutinin (zs/); vacuolating autotransporter toxin
(vat); enteroaggregative toxin (astA); increased serum
survival protein (iss); and colicin V plasmid operon
genes (cva/cvi) — contributed to the pathogenicity of
APEC. The authors proposed that the presence of
four of these eight VGs could identify APEC [14].
De Carli et al. [15] reported the pathogenicity of the
APEC strain in the presence of five VGs. Recently,
pathogenicity has been evaluated by the existence
of at least three VGs, according to the genetic crite-
ria, which enable them to survive an extraintestinal
life [16,17]. Another study, carried out in Brazil [18],
recorded a positive association between the number of
VGs and the pathogenicity score of avian colibacillo-
sis. Authors found that 51% of the isolated APEC har-
bored an assortment of VGs, including adhesions, iron
uptake systems, increased serum survival, and toxins.
In addition to the pathogenicity determination, some
studies reported that APEC-related VGs could be used
as molecular markers for the detection and identifica-
tion of APEC strains [3,14].

This study aimed to molecularly evaluate the
pathogenicity of a cellulitis-derived E. coli (O78)
strain through the identification of genes coding for
seven virulence-associated factors, as well as in vivo
assessment of the pathogen’s capability to induce
lesions in broiler chickens.

Materials and Methods

Ethical approval

This study was approved by the Ethical
Committee for Medical Research at the National
Research Centre, Egypt, and in accordance with local
laws and regulations.

Study period and location

This study was conducted from September to
November 2019 at the Department of Poultry Diseases,
Faculty of Veterinary Medicine, Cairo University and

Poultry Diseases Department, Veterinary Research
Division, National Research Centre, Giza, Egypt.

Bacterial strain

This study was carried out using the purified
culture of cellulitis-derived E. coli (O78). The predom-
inant strain was originally isolated, purified, and iden-
tified from cellulitis lesions in broiler chickens [10].
Bacteria were cultured in a liquid broth, as described
previously [19], and screened for VGs through the
molecular detection and identification of seven genes.
These seven genes are APEC-associated virulence
genes that are commonly detected in the majority of
studies that have focused on APEC [20-24].

Polymerase chain reaction (PCR)
Bacterial DNA extraction

DNA extraction from samples was performed
using the QIAamp DNA Mini Kit (Qiagen, Germany,
GmbH), with modifications to the manufacturer’s rec-
ommendations. Briefly, 200 uL of the culture broth
was incubated with 10 puL proteinase K and 200 uL
lysis buffer at 56°C for 10 min. After incubation,
200 uL absolute ethanol (100%) was added to the
lysate. Then, the sample was centrifuged and washed
following the manufacturer’s recommendations, and
nucleic acid was eluted with 100 uL of the elution buf-
fer that was provided in the kit.

Oligonucleotide primers

The used primers used for this study were sup-
plied from Metabion (Germany) and are listed in
Table-1.

PCR amplification

Primers were utilized in a 25 uL reaction con-
taining 12.5 uL. Emerald Amp Max PCR Master Mix
(Takara, Japan), 1 uL of each primer (20 pmol con-
centration), 4.5 uL water, and 6 uL of DNA template.
The reaction was performed in an Applied Biosystems
2720 Thermal Cycler. The amplification conditions
and amplified product are listed in Table-1 [25-30].

PCR product analysis

The products from the PCR were separated by
electrophoresis on 1.5% agarose gel (Applichem,
Germany, GmbH) in 1x TBE buffer at room tempera-
ture using gradients of 5 V/em. For the gel analysis,
15 uL of the amplified products was loaded in each gel
slot, and GelPilot 100 bp Plus DNA Ladder (Qiagen,
Germany, GmbH) was used to determine the fragment
sizes. The gel was photographed by a gel documenta-
tion system (Alpha Innotech, Biometra), and the data
were analyzed with computer software.

Gene sequence

PCR products were purified using QIAquick
PCR Product Extraction Kit (Qiagen, Valencia, CA,
USA). BigDye Terminator V3.1 Cycle Sequencing Kit
(PerkinElmer, Foster city, CA, USA) was used for the
sequence reaction, and then, the product was purified
using Centri-Sep™ spin columns. DNA sequences
were obtained from Applied Biosystems 3130 genetic
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Table-1: Oligonucleotide primers sequences of target Escherichia coli genes with amplicon sizes and cycling conditions.

Target Primers sequences (5'- 3') Amplified Prim. Amplification (35 cycles) Final References
gene segment Den. extension
Sec. den. Ann. Ext.
(bp)

iss F ATGTTATTTTCTGCCGCTCTG 266 94°C 94°C 54°C 72°C 72°C Yaguchi

R CTATTGTGAGCAATATACCC 5 min 30s 30s 30s 7 min et al. [25]
iutA F GGCTGGACATGGGAACTGG 300 94°C 94°C 63°C 72°C 72°C

R CGTCGGGAACGGGTAGAATCG 5 min 30s 30s 30s 7 min
hly F AACAAGGATAAGCACTGTTCTGGCT 1177 94°C 9°C 60°C 72°C 72°C Piva

R ACCATATAAGCGGTCATTCCCGTCA 5 min 30s 40 s 1 min. 12 min. et al. [26]
iroN F ATCCTCTGGTCGCTAACTG 847 95°C 94°C 50°C 72°C 72°C Ewers

R CTGCACTGGAAGAACTGTTCT 5 min 30s 40 s 50s 10 min. etal. [27]
tsh F GGTGGTGCACTGGAGTGG 620 95°C 94°C 54°C 72°C 72°C Delicato

R AGTCCAGCGTGATAGTGG 5 min 30s 40 s 45 s 10 min. et al. [28]
papC  F TGATATCACGCAGTCAGTAGC 501 95°C 94°C 58°C 72°C 72°C Wen-jie

R CCGGCCATATTCACATAA 5 min 30s 40 s 45 s 10 min. et al. [29]
stx1 F ACACTGGATGATCTCAGTGG 614 95°C 94°C 58°C 72°C 72°C Dipineto

R CTGAATCCCCCTCCATTATG 5 min 30s 40 s 45 s 10 min. etal. [30]

analyzer (Hitachi, Japan). A BLAST® analysis (Basic
Local Alignment Search Tool) was initially performed
to establish sequence identity to GenBank acces-
sions [31]. A phylogenetic tree was created using the
CLUSTAL W multiple sequence alignment program,
MegAlign module of Lasergene DNASTAR version
12.1 [32].

Phylogenetic analyses

Phylogenetic analyses were performed using the
maximum likelihood, neighbor-joining, and maxi-
mum parsimony in MEGAG6 [33].

Experimental infection

Chickens

Forty-one-day-old Ross 308 broiler chickens
were obtained from a commercial hatchery imme-
diately after hatching. This hatchery is recognized
to have no history of E. coli for a long time period.
Immediately after arrival of the chickens, a random
representative number of chickens were examined
bacteriologically. All birds were negative for E. coli
on cultural examination. The chickens were reared on
deep litter.

Ration

The chickens were fed on commercial rations
according to the nutritional requirements of chick-
ens [34] and given pelleted starter (crude protein not
<23%) and growing (crude protein not <21%) rations.
Drinking water and rations, without feed additives,
were given to the chickens ad libitum.

Vaccination

All chickens received the ND+IBV vaccine on
the 5™ day of age, IBD intermediate 228E on the 10™
day, and La Sota on the 16 day. All vaccines were
administered through ocular instillation.

Inoculum preparation

E. coli O78 isolate was cultured and propagated
as described previously [19] and was used at a con-
centration of 108 colony-forming units/mL.

Experimental infection

At 14 days old, chickens were randomly divided
into two groups (20 birds/ group). Group 1 was kept as
non-infected (the negative control group) and Group
2 (the challenge group) was injected (SC) in the thigh
fold with 1 ml E. coli. Infected birds were observed
daily, and clinical abnormalities and mortalities were
recorded by examination of the inoculation site. In
addition, the daily body weight gain (BWGQG), feed
intake, and feed conversion ratio (FCR) were recorded
on 7, 14, and 19 days of age to ensure that the applied
management procedures are optimum and to exclude
extra factors (like stress or other infectious agents)
that may deteriorate these parameters so that abnor-
malities or modifications in these parameters will be
solely attributed to our induced treatment (cellulitis).
Tissue samples (skin section) were collected and fixed
in 10% neutral buffered formalin for histopathological
examination.

Broiler performance parameters

The FC and conversion ratio were determined
using the following formula: FC g/bird=Feed intake
in a replication/No. of live birds in a replication.
FCR=Feed intake (g)/Live weight (g). Parameters
were recorded for each chicken in both groups on 7,
14, and 19 days of age, according to the NRR [34].

Tissue specimens for histopathological examination

Skin specimens were collected on 3- and 5-day
post-infection (DPI) and fixed in 10% neutral buffered
formalin to prepare the paraffin tissue sections at 4—6
wm thickness. These sections were stained with hema-
toxylin and eosin [35].

Statistical analysis

Performance data were compared using the
mixed model analysis of variance and a compound
symmetry covariance matrix (PROC MIXED, SAS
9.2, SAS Inc., Cary, NC). p<0.05 or p<0.001 was con-
sidered to be significant. The obtained results revealed
that the differences among the compared data were
non-significant.
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Results and Discussion

The pathogenicity of APECs is attributed to the
interactions among several virulence-associated fac-
tors, such as adhesion capacity, colicin production,
presence of aerobactin, serum resistance, tempera-
ture-sensitive hemagglutinin, and presence of certain
capsular antigens [28]. Different APEC strains may
have unique combinations of these virulence factors,
which may have similar functions in disease establish-
ment [18]. However, iroN, ompT, hiyF, iss, and iutA
virulence genes are the most important genes and are
reported in more than 70% of APEC isolates [36].
Thus, isolates harboring these virulence genes could
develop pathogenic phenotype in chickens.

In our study, E. coli O78 cellulitis-derived isolate
from our previous study [10] was screened for seven
virulence genes that are commonly associated with
pathogenicity. Molecular genotyping revealed that the
isolate harbored five virulence genes (iroN, iutA, tsh,
iss, and papC) but was negative for stx1 and Aly genes
(Table-2 and Figure-1). The obtained results indicate
that our strain has several of the important VGs that
enable its invasion, colonization, evasion from the
immune system, and induction of disease. These results
were in accordance with Barbieri ef al. [37], who gen-
otyped 144 cellulitis-derived isolates and recorded that
all of them harbored virulence factors related to adhe-
sion, iron acquisition, and serum resistance, which are
characteristic of the APEC pathotype. Our selection of
these genes as virulence determinants was based on
the specific roles they play in the pathogenic process.

Table-2: Gene associated with virulence of the
Escherichia coli O78 from broiler chicken.

For instance, the salmochelin siderophore receptor
(iroN) and ferric aerobactin receptor (iutA) are essen-
tial for the iron acquisition mechanisms of bacteria,
including the production of siderophores that act as ion
chelants in the host [38]. It is known that the concen-
tration of free iron in the physiological liquids of ani-
mals is low and insufficient for bacterial growth, and
pathogenic and invasive bacteria develop high-affinity
iron acquisition systems to compete with host sidero-
phores. Of those mechanisms, transferrin ensures bac-
terial growth in low iron environments. Several studies
have confirmed that most APEC strains possess and
express the aerobactin iron acquisition system, while
non-pathogenic strains produce aerobactin far less fre-
quently [20]. Moreover, the aerobactin system plays
a role in the generation and persistence of lesions in
APEC-infected chickens [21].

tsh is a virulence gene coding for the tempera-
ture-sensitive hemagglutinin protein, which is an
autotransporter protein possessing the dual func-
tions of adhesive and proteolytic activities. This pro-
tein remains in the outer membrane and supports the
non-fimbrial adhesion process during the early stages
of infection [22]. Furthermore, pyelonephritis-asso-
ciated pili (papC), a fimbrial adhesion gene, is one
of the most important genes contributing to E. coli
adherence to the host epithelial cells [14,23,28]. The
increased serum survival (iss gene) of the episome
was found to be related to protectins/serum resistance
genes, which are responsible for increasing the ability
of bacteria to survive in the host serum [18,24].

The previous studies supported our results and,
taken together, it can be concluded that the APEC strain
is genetically estimated by the presence of at least three
to five virulence genes, which enable them to survive

Detected Gene description Result an extraintestinal life [15-17].. Moregver, detection
gene of the papC, iss, and tsh genes is considered to be an
Tsh Temperature-sensitive hemagg|ut|n|n + lmportant Vlrulence detemlnant al’ld IS detected Only
papC gene. + in highly pathogenic APEC strains [18,39-43].
, gy?Ioneﬁhl_rltls_—;ssoc';ated pilli . . The successfully amplified iroN, iss, and iutA
iron almochelin siderophore receptor. .. .
iutA Ferric aerobactin receptor, iron + genes for E coliisolate were.sequenced and submltj[ed

transporter. to the National Center for Biotechnology Information
Iss Increased serum survival + GenBank, and the accession numbers obtained for
Hly Putative avian hemolysin. - iroN, iss, and iutA are MN626681, MN626682, and
stxl Shiga toxin - MNG626683, respectively.

Stx1 hly tsh papC iroN utA iss T
llElP -|E|P I|E|P llElP IlElF IlElP llElP

1177 bp

Figure-1: Agarose gel electrophoresis of PCR of seven virulence gene. N=Negative, E=Experiment isolate, P=Positive

reference isolate.
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With regard to our phylogenetic analysis of the
obtained gene sequences, for the iroN gene, our isolate
Eco78-2019 showed the highest similarity (99.9%)
with isolates E. coli APEC 0103, E. coli O83:H1 NRG
str.857C, E. coli A 50, and E. coli MSHS 472. In con-
trast, the lowest similarity (98.7%) with our isolate
Eco78-2019 was detected for isolates E. coli IroN
(iroN), E. coli CFTO073, E. coli Nissle 1917, E. coli
NCTC 9085, E. coli NCTC 10430, E. coli NCTC 9022,
E. coli (iroN), and E. coli Mt 1B1 (Figures-2 and 3).

For the iss gene, our isolate Eco78-2019 showed
complete similarity with E. coli O78, E. coli iss,
E. coli GSH8M-2, E. coli 20 Ec-p-124, E. coli 14.3-
R4, E. coli O2k12, and E. coli O2. The lowest similar-
ity (93.6%) with our isolate Eco78-2019 was detected
for E. coli 20 Ec-p-124 (Figures-4 and 5).

For the iutA gene, our isolate showed complete
similarity 100% with isolates E. coli IRFS93, E. coli
ATCC 35218, E. coli APEC 0103, E. coli O83:H1
NRG 857C, E. coli ABU 83972, E. coli J53, E. coli

CP042470.1_E._coli_ASD
MG836205.1_E._coli_92344
CP001232.1_E._coli_APEC_0103
CP041299.1_E._coli_O1:H42_CLSC36
LT985319.1_E._coli_ECOR_30
KC853435.1_E._eoli_ACNOO1
CPO19777.1_E._coli_NU14
CP012631.1_E._coli_SF-173
CP007149.1_E. _coli_RS218
CPO02167.1_E._coli_ UM146

CP041535.1_E._coli_95
X16664.4_E._coli_sfafl)
CP000247.1_E._coli_536

[ CP006830.1_E._coli_APEC_018

CPQ01856.1_E._coli_083:H1_str_NRG_B57C

CP041301.1_E._coli_MSHS_472

CP026643.1_E._coli_FORC_082

CP027357.1E._coli_2013C-4991

L ® MN626681_Eco78-2019
LMB31046.1_E._coli_NCTC001

CP028714.1_E._coli_Mi1B1

AF135597.1_E. _coli_lroN_{jroN)
AE014075.1_E._coli_CFTO73
AJ5B6867.1_E._coli_Nissle_1917

LR134078.1_E._coli_NCTC3085
LR134237.1_E. _coli_NCTC9022
LR134208.1_E._coli_NCTC10430
AF135597.1_E.__coli_{iroN)

0.001
Figure-2: Phylogenetic tree based on the nucleotide sequence of jroN gen. Branched distances correspond to sequence
divergence.
Percent Identity
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8 [14)100(00 |14 14|12 )00 998 |98.5(985)985 985 |98.7 | 985 (98,8 |98.6 [99.4 |99.9 (999 (998|998 | 998 |99.8 | 99.8 |100.0{100.0/989 | 8 CP041299.1 E. coli 01:H42 CLSC36
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a 16 |08 |11 |11 |08 |08 |04 |11 11|10 |08 |08 |08 |08 |04 |04 998 {98.9 |98.9|98.9 /988 |98.8 |98.8 |98.8 |98.8 |93.8 (988 (98.0 | 16 CP041535.1 E. coli 95
17 |08 |13 |13 |08 |08 |04 |13 |13 |12 |08 |08 |08 |08 |04 01|02 992|987 |98.7 |986 |98.6 |986 (986 (986 (986 |986 |978 | 17 CP006830.1 E. coliAPEC 018
18 |14 |05 (05|14 | 1412 [05)|05 (06|14 |14 |14 |14 [12 10|11 |08 995|99.5(994 994 /994 |99.4 |99.4 |99.4 (994 [985 | 18 LIN831046.1 E. coli NCTC001
19 |14 100/00 141412/ 0000 (01|14 |14 |14 |14 |12 [14 |11 |13 |05 [N 100.0(999)999 /999 |99.9/99.9|999|999 (991 19 CP042470.1 E. coli AS0
20 |14 |00 (0014|1412 0000|0114 |14 |14 |14 (12 |14 |11 13|05 |00 99.9199.9 /1999 (999 (999 (999 999|931 | 20 CP041301.1 E. coli MSH3 472
21 |16 |01 (01|16 |16 |13 |01|01|02|16 |16 |16 |16 [13 |16 |12 |14 |06 |01 |01 99.8 |998 (998 (998 (998|998 989 | 21 MGB38205.1 E. coli 92944
22 |16 |01 (01|16 |16 |13 |01|01|02|16 |16 |16 |16 |13 |16 |12 |14 |06 |01 |01 |02 100.0/100.0({100.0{99.8 |99.8 |98.9 | 22 CP019777.1 E. coli NU14
23 |16|01|01 |16 |16 |13 |01 |01 |02 |16 |16 |16 |16 |13 |16 |12 |14 |06 |01]|01|02]|00 100.0/1000/998 (998 (989 | 23 CP012631.1E. coli SF-173
24 116 /01(01)16|16)13(01]01(02|16|16]16 16|13 |16 (12 |14[06)01/01[02]|00]00 jl 100.0/99.8 [99.8 {989 | 24 CP007149.1E. coli RS218
25 |16 |01)01 |16 |16 |13 01|01 |02|16 |16 |16 (16 |13 (16 (12|14 |06 |01]|01]02]|00]|00]00 998 (998|989 | 25 CP002167.1 E. coli UM 146
26 |14 100 (0014|1412 /000001 |14 |14 )14 14|12 |14 (1141305000001 ]|01)01]01]01 1.1\'.l0.|1l 989 | 26 CP026643.1 E. coll FORC_082
27 |14 100 (0014|1412 /0000|0114 | 1414 14 |12 |14 (1113 [/05]/00/00[01]|01|01|01][01]00 989 | 27 | CP027357.1 E. coli 2013C-4891
28 |16 |01 (0116|1613 0101 (02|16 |16 |16 |16 |13 |16 (12|14 |06 0101 [02]02|02)|02|02]01 |0,1 [ D LT985319.1 E. coli ECOR 30
1 2 3 4 5 L] T 8 9 10 n 12 13 (14 [ 15 [ 16 | 17 |18 |19 |20 | 21 22 |23 24 | 25 | 26 | 27 I?ﬂ I_

Figure-3: Percentage of nucleotide identities
sequences published in GenBank.

for the iroN gen named as MN626681_Eco78- 2019 compared with 27
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CP007136.1_E. _coli_0145:H28_RM12581
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AP017610.1_E._coli_20Ec-P-124
CP007799.1_E._coli_Nissle_1917
HG841718.1_E_coli_ST131-ECA58
CP007149.1_E._coli_RS218
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[—JMGEM4.1_E._co1i_K4
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Figure-4: Phylogenetic tree based on the nucleotide sequence of iss gene

. Branched distances correspond to sequence

divergence.
Percent Identity
1 | 2 l 3|4 5 [ 6 [ 7 [ 8 |9 |10 |11 |12 |13 |14 |15 |16 |17 [18 [19 |20 |21 |22 |23 |24 |25 |26 |27 |28 | 29 ]
100.0[1000[100.0[1000[94.0 [950|95.4 |954 [93.6 [94 0 [94.0 [954 [100.0[1000[100.0[996 [99.6 [993 [99.3 | 961 [96.1 [961[957 [950 940961 [96.1[954] 1 |  Fu416147.1E coliO78

0.0 | 100.0{100.0[100.0| 94.0 [ 95.0 [95.4 | 95.4 | 93.6 | 94.0 | 94.0 | 95.4 [100.0[100.0[100.0/99.6 |99.6 |99.3 [99.3 [96.1 [96.1 [96.1 |95.7 |95.0 |94.0 |96.1 [96.1 [954 | 2 | AF042279.1E. coliIss
|00 | oo [IM100.0[1000]940 [s50 5.4 054 [936 [940 |40 [954 [100.0[1000[100.0{996 [93.6 [993 [99.3 [951 [95.1 [96.1 [957 [950 94.0 (961 [96.1 [954| 3 | AP019676.1 E. coli GSHBM-2
0.0 |00 | 0.0 [ 100.0{94.0 950 [95.4 [954 [93.6 |94.0 [94.0 [95.4 [100.0[100.0[100.0{99.6 |99.6 [99.3 [99.3 [ 96.1 |96.1 [96.1 [95.7 [95.0 [04.0 [96.1 [96.1 [954 | 4 |  APO17611.1E. coli 20Ec-P-124
00 |00 |00 |oo M 940|950 (954 [954|93.6)|94.094.0 (954 [100.0/1000{100.0{996 |99.6 |99.3 (99.3 [96.1 |96.1 [96.1 [95.7 |950 |94.0 (961 [96.1[954| 5 | KY007017.1 E. coli 14.3-R4
63|63[63]63 |63  96.8 |97.2 |97.2 |97.5 [100.0{100.0{97.2 [94.0 [94.0 [94.0 [94.0 |93.6 |93.3 |93.3 |96.5 |96.5 |96.5 [97.2 [96.8 [100.0/96.5 |96.5 |97.2| 6 CP007799.1 E. coli Nissle 1917
52 [652|52|52 (52|33 99.6 (996 |94.3 |96.6 [96.8 (996 |95.0 [95.0 (95.0 | 950 |94.7 (943 |94.3 |98.2 (982 (982 |98.9 |99.3 (968 |98.2|98.2 (996 | 7 | AP009240.1 E. coli SE11
48 [48 | 48 |48 (48 |29 |04 [100.0{94.7 [97.2 [97.2 [99.3 [95.4 |95.4 | 95.4 [ 95.4 [95.0 [94.7 [94.7 [ 98.6 | 98.6 |98.6 [99.3 [98.9 [97.2 (986 [98.6 (993 &8 | AP017620.1 E. coli MRY15-131
48 48 |48 |48 (48 |29 |04 | 00 -947 97.2|97.2 993 (954 (954 [95.4 |954 |95.0 (947 (94.7 [98.6 |98.6 |98.6 |99.3 (989 [97.2 |98.6 |90.6 |993| 9 | AP017617.1 E. coli MRY15-117
67 |67 |67 |67 |67 [25]59]|55]|55 97.5|97.5 [94.7 [93.6 [93.6 [93.6 |93.6 |93.3 /1929 |192.9 |195.4 |95.4 |95.4 [94.7 [94.3 [97.5 |95.4 |95.4 | 947 | 10 | AP017610.1 E. coli 20Ec-P-124
63[63)|63)|63(63|00)33|29 (29 25| 100.0/97.2 |94.0 (940 [94.0 [940|936 [933[93.3 |965 |96.5 [965 [97.2 968 [100.0{965 [96:5 [972 | 11 HG941718.1 E. coli ST131-EC958
63[63)63)63[63[00)33]129(29|25]00 _‘_9_'{.2 94.0 [94.0 [94.0 [94.0 [93.6 [93.3 |93.3 | 96.5 | 96.5 | 96.5 | 97.2 | 96.8 [100.0{96.5 [96.5 [97.2 | 12 | CP007149.1 E. coliRS218
48 |48 |48 |48 (48 (29 (04 (07 |07 |55]|29 |29 95.4 (954 (954 (954 [85.0 (947 |94.7 |986 |98.6 (986 [99.3 (996 [87.2 |98.6 |98.6 [1000] 13 |  CP0D7136.1 E. coll 0145:H28 RM12581

§ 0.0 [00)|00)00[00|63)|52|48 48|67 |63 (63|48 |1DDA0 100.0/99.6 |99.6 (99.3 |99.3 | 96.1 [96.1 |96.1 | 95.7 [95.0 [94.0 |96.1 |96.1 [95.4 | 14 | MN626682 ECO78-2019

S |00 o0 00|00 006352 |a8[48|67 63[63]48]00 1000996 |99.6 (993 [99.3 |96.1 [96.1 [96.1 [95.7 |950 [94.0 [96.1 |96.1[854 [ 15 |  HO286897.1E. coli 02K12

g 00)00[00|00[00[63 52|48 |48 |67 |63 |63 )|48)|00]00 774-99,6 99.6[99.399.3 /961961 (961957 |950 {94.0 | 961|961 |954 | 16 DQ295187.1 E. coli 02
04|04 )04 |04 04|63 [52(48 48|67 63|63 [48[04/04]04 99.3 {989 (98.9 [96.1[96.1 /961|957 |950 |94.0 {96.1 [96.1 954 | 17 | UX466844.1E. coliKd
04 |04)04|04|04|67 (565252716767 |52[04/[04[04]07  98.9 |98.9 | 957 [957 {957 |95.4 |94.7 |93.6 (957 {957 |950 | 18 |  DQ309285.1E. coll E21
07 |07 |07 |07 (07 |71]|59[56[566|75|71[71(56|07 |07 [07]11]11 993 |954 (954 (954|950 |943 (933 {954 |954 |947 [ 19 | DQ309287.1E. coli E33
07 07 07|07 |07 [71[59][56][66]|75[71[71[56 07 07 071111 07 954|954 954950 [043[03.3]954(954[947| 20 | DQ295189.1E. coli 078
40 | 40 |40 |40 [40 [36 [18 |14 |14 |48 |36 |36 |14 |40 | 40 | 40 |40 |44 | 48 | 48 | 100.0{100.0/98.6 [98.2 [96.5 [100.0/100.0{986 [ 21 | CPO16625.1 E. coli 0157:H7 FRIK944
40 [40 | 40 )40 (40 |36 |18 |14 (14 |48 |36 [36 |14 |40 |40 |40 )40 |44 |48 |48 |00 100.0|98.6 [98.2 [96.5 |100.0/1100.0{986 | 22 | CP015846.1 E. coll 0157:H7 FRIK2069
40 | 40 |40 |40 [40 [36 |18 |14 | 14 |48 |36 |36 |14 |40 | 40 |40 |40 |44 | 48 |48 |00 |00 || 98.6 (982 [96.5 [100.0[1000/986 | 23 | CP0158421 E. coli 0157:H7 FRIK2533
44 (44 | 44 |44 (44 |29 |11 |07 (07 |55(29(29 |07 |44 |44 |44 44|48 (52|52 |14 (14|14 | 98.9 |97.2 |1968.6 |198.6 |99.3 | 24 CP022609.1 E. coli ATCC 700415
52[52|52)|52(52|33)07(11(11]|59|33(33/04|52|52|52)|52|56([59|59)18](18 1811 96.8 |98.2|98.2 |996 | 25 | CP024256.1 E. coli ATCC 43886
63]163(63]63(63[00(33(29/29/25/00/00)29|63|63]63[63 |67 |71[71/36]|36]36]29]233 | 96.5 (965 |97.2| 26 | CP033092.2 E. coli ATCC 11775
40140 /40 )40 /4036 /18|14 /14148 (36)36[14)40 (40 )40 |40 )44 |48 )48 /0000001418 )36 JEE100.0{986)| 27 | CP035366.1 E. coli 0157.H7 C1-057
40 [40 | 40 |40 (40 |36 |18 |14 (14 |48 |36 |36 |14 |40 |40 |40 |40 |44 (48 |48 |00 (0000|1418 36|00 986 | 28 | CP015843.2 E. coll 0157:H7 FRIK2455
48 |48 |48 |48 [48 [29 |04 |07 |07 |55 |29 |29 |00 |48 |48 |48 |48 |52 56|56 |14 |14 14|07 |04 |29 [ 14|14 | 29 | CP042950.1E. coliATCC 51435
1 2 3 4 5 6 7 8 9 |10 [ 11 |12 |13 [ 14 (15 | 16 |17 |18 |19 | 20 |21 | 22 | 23 |24 | 25 | 26 | 27 | 28 |29 ]

Figure-5: Percentage of nucleotide identities for the iss gene named

sequences published in GenBank.

UL, E. coliNissle 1917, E. coli B-541/16, E. coli 1-265,
E. coli W043, and E. coli Q158. The lowest similar-
ity (92%) with our isolate Eco78-2019 was detected
for isolates E. coli CFT073, E. coli O104:H4, E. coli
ATCC 25922, E. coli Ol111: H-/11128, E. coli O26:
H11/11368, and E. coli UMNO026 (Figures-6 and 7).
Analysis of the phylogenetic tree revealed sig-
nificant similarities between our isolate and the ref-
erenced strains. These results are in accordance with
Johnson et al. [44] and Sedeek et al. [45]. These genes
are conserved and are not polymorphic; they are rarely
all found within an isolate. APEC strains are consid-
ered to be heterogeneous bacteria. There is a specific

as MN626682_Eco78- 2019 compared with 27

combination of genes for each APEC strain that can
cause colibacillosis in poultry [21]. As previous lit-
eratures reported, cellulitis might be predisposed by
stress conditions, created in and common under field
conditions in poultry farms. Therefore, we intended to
confirm the pathogenicity of our isolate by estimating
its capability to induce cellulitis lesions in chickens
raised under minimized stress conditions.

In the present study, we observed that chickens
inoculated with bacteria showed a low feed intake
with ruffled feathers on the 13DPI, followed by red
swollen skin and increased skin thickness at the site
of injection. On the 3™ DPI, the infected chickens
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Figure-6: Phylogenetic analysis based on the nucleotide sequence of jutA gene. Branched distances correspond to
sequence divergence.
Percent |dentity
1 2 ‘ 3 4 5 (] 7 8 9 10 | 1M |12 |13 |14 [15 |16 |17 |18 |19 [ 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28
| 1 | -10!].0‘100 0{100.0{100.0| 92.0 {100.0/100.0{100.0/100.0{100.0{100.0| 99.7 | 99.7 | 99.7 | 99.7 |100.0{100.0| 92.0 |92.0 [92.0 |92.0 {920 |99.3 |97.9 (986 |979 (979 | 1 KU749301.1 E. coli IRFS93
2 0.0 ‘mgp 100.0{100.0{92.0 [100.0{100.0{100.0/100.0/100.0{100.0{99.7 [99.7 |99.7 |99.7 |100.0{100.0| 920 |92.0 | 820 |92.0 {920 |99.3 |979 |986 |979 |979 | 2 MK111112.1 E. coli ATCC 35218
3 0.0 | 0.0 100.0{100.0{92.0 {100.0{100.0{100.0/100.0/100.0{100.0{ 99.7 [ 99.7 (99.7 |99.7 [100.0/100.0| 92.0 | 92.0 ([ 92.0 |92.0 |92.0 |99.3 |97.9 |986 |979 |979 | 3 CP001232.1E. coliAPEC 0103
4 0.0 | 00 | 0.0 100.0|92.0 [100.0{100.0{100.0{100.0/100.0{100.0/ 99.7 {99.7 (99.7 | 99.7 {100.0/100.0{92.0 |92.0 | 820 ({920 | 920 (99.3 | 979 |98.6 |979 |979 | 4 CP001856.1E. coli 083:H1 NRG 857C
5 00 |00 | 00]00 92.0 {100.0{100.0/100.0{100.0/100.0{100.0/ 99.7 | 99.7 | 99.7 | 99.7 [100.0(100.0{ 92.0 (92.0 | 92.0 | 92.0 |92.0 [99.3 |97.9 |98.6 (979|979 | & CP001671.1E. coliABU 83972
6 (86|86 868686 920920 (920 |92.0 |920 /920|923 [923 1923 1923 [620 |92.0 [ 990 [100.0/100.0/100.0/1000/91.3 | 90.6 |91.3 {906 |906 | 6 AE014075.1 E. coli CFT073
7 (00|00 )00]00]00][86 100.0{100.0{100.0(100.0{100.0| 99.7 | 99.7 | 99.7 |99.7 |100.0/100.0| 92.0 |92.0 [92.0 [92.0 | 920 |99.3 |97.9 |936 979|979 | 7 MNE26683 ECO78-2019
8 (00|00 /00)00|00]86 00 100.0{100.0/100.0]100.0/99.7 | 99.7 | 99.7 | 99.7 |100.0/100.0 §2.0 | 92.0 | 92.0 | 92.0 [920 |99.3 |97.9 |98.6 |97.9 |97.9 | 8 MK878891.1E. coli J53
9 (0000 00)00|0.0]8600]00 100.0{100.0{100.0{99.7 [99.7 [99.7 | 99.7 |100.0{100.0/ 92.0 [92.0 | 82.0 | 92.0 |92.0 [99.3 [97.9 (986 |97.9|979| 9 CP041359.1E. coli U1
10 (00 (00 |00 |00 |00 |86 000000 100.0/100.0/99.7 | 99.7 | 99.7 [99.7 [100.0{100.0) 920 [92.0 | 820 | 92.0 | 920 [99.3 | 97.9 (986 [97.9 |97.9 | 10 CP022686.1 E. coli Nissle 1917
14 |00 |00 |00 |00 00|86 |00]00(00]00] 100.0/99.7 (99.7 | 99.7 |99.7 |100.0{100.0| 92.0 | 92.0 (920 |92.0 {920 |99.3 |97.9 (986 |979 (979 | 11 KY293686.1E. coli B-54116
12 |00 |00 |00 |00 |00 |86 00|00 (00| 00|00 99.7 (99.7 (997 |99.7 {100.0/100.0{ 92.0 [92.0 | 820 (920 |920 (99.3 |979 |98.6 |97 9 |979 | 12 KY293685.1 E. coli I-265
] 13 |04 |04 |04 |04 |04 |82 |04 |04 |04 |04 |04]|04 100.0{100.0{100.0|99.7 (99.7 | 92.3 [92.3 | 923 | 92.3 |92.3 |99.0 (98.3 |98.3 |97.6 |97.6 | 13 L8992192.1 E. coli TO217
S 14 | 04 |04 |04 |04 |04 |82 (04 |04 (04|04 |04 ]| 04|00 100.0{100.0/89.7 [99.7 | 923 |92.3 |823 |92.3 |923 |99.0 (983 (98.3 |976 (976 | 14 LS992190.1 E. coli TO148
E 15 | 04 |04 |04 |04 |04 |82 (04|04 (04|04 04040000 100.0/89.7 {99.7 | 92.3 |92.3 923 [92.3 |92.3 |90.0 (98.3 [93.3 |97.6 [97.6 | 15 CP021454.1 E. coli H105
[=] 16 |04 |04 |04 |04 |04 |82 04|04 (04|04 04|04 )00|00) 00 997 (99.7 923|923 (923923 (923 99.0 |983 (98.3 |976 (976 | 16 CP021689.1 E. coli AR_0058
17 |00 |00 |00 |00 0.0 |86 |00 |00 |00 |00 000004 |04 |04]|04 100.0{ 92.0 |92.0 [92.0 [92.0 |92.0 |99.3 |97.9 |98.6 [97.9 [97.9 | 17 MH753063.1 E. coli WD43
18 (00 (00 |00 )00 |00 |86 000000 |00 |00 |00 04|04 |04)04]00 920|920 920 /920 (920993 /979 |98.6 {979 (979 | 18 MH753064.1 E. coli Q158
19 |66 |86 |86 |86 |86 |11 /86|86 |86 |86 |66 |86 )|062|82 (8682|8266 ]86 99.0 |99.0 [99.0 |99.0 [91.3 |90.6 |91.3 /906 |90.6 | 19 CP031902.1E. coli 0104.H4
20 (66 |96 86|96 |86 |00 86 |86)|086 |66 |86|86 /82|82 |82)82)|86 (86|11 100.0{100.0{100.0{91.3 |90.6 [91.3 |90.6 |90.6 | 20 CP009072.1 E. coli ATCC 25922
21 |86 |86 86|96 |06 |00][86|[86 |06 |06 06686 82|82 628286861100 HEN100.0[100.0[91.3906]91.3[906[90.6] 21 AP010960.1 E. coli 0111:H-11128
22 |86 |86 |86 |86 |86 |00 86|86 |86 |86 |86 |86 |82|8B2|82|82|86|86|11]|00]|00 1000/91.3 |906 {913 |906 |906 | 22 AP010953.1 E. coli 026:H11/11368
23 |86 |86 |86 86|86 |00 86|86)|86|86 |86 |86 /82|82 82|82 |86|86|11)|00|00]|00 91.3 906 {913 /906|906 | 23 CU928163.2 E. coli UMNO26
24 |07 |07 |07 |07 |07 |94 |07 |07 (07|07 |07 |07 |11 |11 |11|11|07 |07 |94 |94 (94|94 |94 972|979 (972|972 | 24 X05874.1 E. coli pFS8
25 (181818181898 [18[18[18[18 |18 [18[14[14 14141818 08|08 |98 98 [9s |25 M5 972[072[25 CP019015.1 E. coli Ecol_AZ162
26 |14 |14 |14 |14 |14 |94 (14|14 (14|14 |14 |14 |18 |18 |18 |18 |14 |14 |94 |94 |04 |94 |094]|21](32 993|993 | 26 CP043033.1E. cali XDL
27 (18|18 |18 |18 |18 |98 18 |18 |18 |18 |18 |18 |21 |21 |21 )21 |18 |18 |98 |98 |98 |98 |98 |25 |29 |04 - 100.0| 27 | MN053930.1 E. coli 2.3-R4
28 (18|18 |18 |18 |18 |98 |18 |18 |18 |18 |18 |18 |21 |21 |21 )21 |18 (18 |98 |98 |98 |98 (68 |25 )|29 |04 | 0.0 28 CP033635.1E. cali ECCNB12-2
1 2 3 4 5 6 7 8 9 [10 | 11 [ 42 [ 13 [ 14 [ 15 |16 |17 |18 |19 | 20 | 21 | 22 | 2) | 24 | 25 | 26 | 27 | 28

Figure-7: Percentage of nucleotide identities for the jutA gene named

sequences published in GenBank.

manifested thick red edematous skin with yellow-
ish-white material in the SC tissue at the inoculation
site, and the abdominal muscle showed redness and
increased vacuolization in 100% of infected birds
(Figure-8). Birds with severe lesions were reluctant to
move.

Histopathological examination of the skin
lesions proved to have a moderate-to-severe caseous
inflammatory reaction characterized by marked accu-
mulation of heterophils and mononuclear cells in the
SC fatty tissue (Figure-9). We recorded four cases
of death in the infected group, including two chicks
on the 3 DPI and two chicks on the 5" DPI, with a
total of 20% mortalities. E. coli was reisolated from
the dead and sacrificed birds of the infected group,

as MN626683_Eco78- 2019 compared with 27

whereas the first group (the control group) appeared
normal and had no obvious clinical abnormalities.

Our clinical study reveals that the postmor-
tem lesions and pathological findings obtained from
this experiment confirm the findings of the previous
studies. For instance, cellulitis was experimentally
induced by the SC inoculation of 25-day-old broiler
chickens with a field isolate of E. coli serogroup O78,
and lesions were detected at 24 h post-infection (PI)
in 98% of infected birds with the reisolation of E. coli
from more than 75% of cellulitis lesions [9]. In another
study, cellulitis was induced in 39-day-old broilers in
same manner using E. coli bacteria. Characteristic cel-
lulitis plaques developed in all infected birds within
18 h P1[6].
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Figure-8: Broiler chicken subcutaneous (SC) infected
with Escherichia coli on the 3 DPI. (a) Site of infection
showing thick reddish edematous circumscribed lesion
(arrow). (b) SC tissue at inoculation site shows edematous
thick area with yellowish-white material (black arrow) and
the abdominal muscle showing redness and increased
vacuolization (red arrow).

Figure-9: Broiler chicken skin sections on the 3 DPI

with Escherichia coli. (a) Subcutis showing caseous
inflammation characterized by marked accumulation of
heterophils and mononuclear cells (arrow head) in the SC
fatty tissue (H and E x200). (b) Subcutis showing severe
infiltration of heterophils and mononuclear cells of the
dermis (arrow head) in the SC fatty tissue (H and E x100).

The histopathological findings matched the
findings of other studies, which reported thickening
of the dermis, slight hyperkeratosis, hyperplasia of
the epidermis, neovascularization, and infiltration of
mononuclear cells and heterophils on microscopic
examination of the cellulitis lesions [8]. The previous
experimental studies have shown that E. coli isolated
from a cellulitis origin were more likely to induce cel-
lulitis lesions in experimentally infected birds than
were strains of non-cellulitis origin [11]. Furthermore,
some cellulitis-derived E. coli cause only localized
lesions, even when inoculated at high doses [46].

Cellulitis causes greateconomic losses in the poul-
try industry, mainly due to an increased condemnation
rate and downgrading of affected carcasses [47]. Thus,
we targeted our analysis to obtain a rough and brief
estimation of the effect of cellulitis on body gain as a
proof of economic losses. As a result, the feed intake,
average BWG, and FCR were calculated for both the
control and infected groups (Table-3). The obtained
result revealed that the average feed intake and BWG
deceased in infected chickens (5 DPI) (604.35 g and
344.90 g) in comparison with those of the non-infected
control chickens (740.60 and 451.80), respectively.

Table-3: Average body weight gain, feed intake, and feed
conversion rate of control and infected group.

Group Infection Age/ Av. ABWG FCR
days FI/g /gm

1 Control 7 145.69 139.42 1.04

14 386.75 283.20 1.37

19 740.60 451.80 1.64

2 Escherichia coli 19 604.35 344.90 1.75

Furthermore, the calculated FCR was lower (1.75)
for the infected group compared to that of the non-in-
fected group (1.64).

Our results confirm the previous studies that
demonstrated the economic significance of cellulitis
in broiler chickens through its link to increased con-
demnation rate, downgrading at processing, and costs
associated with reprocessing of affected carcasses [5].

Conclusion

This study proves that molecular techniques can
provide an accurate determination of the pathogenic-
ity of virulent bacteria with the advantages of being
rapid results, time-saving, and economical. Cellulitis
is associated with a lower BWG and decreased FCR,
which contributes to economic losses.

Authors’ Contributions

MMA designedand planned the study, drafted
and revised the manuscript. HMM, HSF, AE, MAB,
and KME shared in performing the tests, manu-
script writing, and data analysis. All authors read and
approved the final manuscript.

Acknowledgments

The authors are thankful to Dr. Ahmed M. Erfan,
Reference Laboratory for Veterinary Quality Control
on Poultry Production, Animal Health Research
Institute, Egypt, for carrying out the PCR technique.
The authors did not receive any specific funds for this
study.

Competing Interests

The authors declare that they have no competing
interests.

Publisher’s Note

Veterinary World remains neutral with regard
to jurisdictional claims in published institutional
affiliation.

References

1. Ewers, C., Janssen, T., Kiessling, S., Philipp, H.C. and
Wieler, L.H. (2004) Molecular epidemiology of avian
pathogenic Escherichia coli (APEC) Molecular epidemiol-
ogy of avian pathogenic Escherichia coli (APEC) isolated
from colisepticemia in poultry. Ver. Microbiol., 104(1-2):
91-101.

2. Nolan, L.K., Vaillancourt, J.P., Barbieri, N.L. and
Logue, C.M. (2018) Colibacillosis. In: Swayne, D.E.,
Boulianne, M., Logue, C.M., McDougald, L.R., Nair, V.
and Suarez, D.L., editors. Diseases of Poultry. 14" ed.

Veterinary World, EISSN: 2231-0916

2710



Available at www.veterinaryworld.org/Vol.13/December-2020/16.pdf

10.

11.

12.

13.

14.

15.

16.

17.

Wiley-Blackwell, United States. p770-830.

Johnson, T.J., Wannemuehler, Y., Johnson, S.J., Stell, A.L.,
Doetkott, C., Johnson, J.R., Kim, K.S., Spanjaard, L. and
Nolan, L.K. (2008) Comparison of extraintestinal patho-
genic Escherichia coli from human and avian sources
reveals a mixed subset representing potential zoonotic
pathogens. Appl. Environ. Microbiol., 74(22): 7043-7050.
Paixao, A.C., Ferreira, A.C., Fontes, M., Themudo, P.,
Albuquerque, T., Soares, M.C., Fevereiro, M., Martins, L.
and Correa de Sa, M.I. (2016) Detection of virulence-associ-
ated genes in pathogenic and commensal avian Escherichia
coli isolates. Poult. Sci., 95(7): 1646-1652.

Barnes, H.J., Nolan, L.K. and Vaillancourt, J.P. (2013)
Colibacillosis. In: Saif, Y.M., Fadly, A.M., Glisson, J.R.,
McDougald, L.R., Nolan, L.K., Swayne, D.E., editors.
Diseases of Poultry. 12" ed. Blackwell Publishing, United
States. p691-737.

Norton, R.A. (1997) Avian cellulitis. Worlds Poult. Sci. J.,
53(4): 337-349.

Gomis, S.M., Goodhope, R., Kumor, L., Candy, N.,
Riddell, C., Potter, A.A. and Allan, B.J. (1997a) Isolation
of Escherichia coli from cellulitis and other lesions of
the same bird in broilers at slaughter. Can. Vet. J., 38(3):
159-162.

Messier, S., Quessy, S., Robinson, Y., Devriese, L.A.,
Hammez, J. and Fairbrother, J.M. (1993) Focal dermatitis
and cellulitis in broiler chickens: Bacteriological and patho-
logical findings. Avian Dis., 37(3): 839-844.

Gomis, S.M., Watts, T., Riddell, C., Porter, A.A. and
Allan, B.J. (1997b) Experimental reproduction of
Escherichia coli cellulitis and septicemia in broiler chick-
ens. Avian Dis., 41(1): 234-240.

Amer, M.M., Mekky, H.M., Fedawy, H.S., Elbayoumi, K.M.
and Sedeek, D.M. (2019) Antibiotic profile of bacterial spe-
cies isolated from broiler chickens with cellulitis. Worlds
Vet. J., 9(4): 268-279.

Olkowski, A.A., Wojnarowicz, C., Chirino-Trejo, M.,
Wurtz, B.M. and Kumor, L. (2005) The role of first line
of defence mechanisms in the pathogenesis of cellulitis in
broiler chickens: Skin structural, physiological and cellular
response factors. J. Vet. Med. A Physiol. Pathol. Clin. Med.,
52(10): 517-524.

Guastalli, E.A.L., Guastalli, B.H.L., Soares, N.M.,
Leite, D.S., Ikuno, A.A., Maluta, R.P., Cardozo, M.V.,
Beraldo, L.G., Borges, C.A. and Avila, F.A. (2013) Virulence
characteristics of Escherichia coli isolates obtained from
commercial one-week-old layer chicks with diarrhea. Afr: J.
Microbiol. Res., 7(47): 5306-5313.

Kemmett, K., Williams, N.J., Chaloner, G., Humphrey, S.,
Wigley, P. and Humphrey, T. (2014) The contribution of
systemic Escherichia coli infection to the early mortali-
ties of commercial broiler chickens. Avian Pathol., 43(1):
37-42.

Ewers, C., Janssen, T., Kiessling, S., Philipp, H.C. and
Weiler, 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.

De Carli, S., Ikuta, N., Lehmann, F.K., da Silveira, V.P., de
Melo Predebon, G., Fonseca, A.S. and Lunge, V.R. (2015)
Virulence gene content in Escherichia coli isolates from
poultry flocks with clinical signs of colibacillosis in Brazil.
Poult. Sci., 94(11): 2635-2640.

Varga, C., Brash, M.L., Slavic, D., Boerlin, P., Ouckama, R.,
Weis, A., Petrik, M., Philippe, C., Barham, M. and
Guerin, M.T. (2018) Evaluating virulence-associated
genes and antimicrobial resistance of avian pathogenic
Escherichia coli isolates from broiler and broiler breeder
chickens in Ontario, Canada. Avian Dis., 62(3): 291-299.
levy, S., Islam, M.S., Sobur, M.A., Talukder, M.,
Rahman, M.B., Khan, M.F.R. and Rahman, M.T. (2020)
Molecular detection of avian pathogenic Escherichia coli
(APEQC) for the first time in layer farms in Bangladesh and

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

their antibiotic resistance patterns. Microorganisms, 8(7):
1021.

De Oliveira, A.L., Rocha, D.A., Finkler, F., De Moraes, L.B.,
Barbieri, N.L., Pavanelo, D.B., Winkler, C., Grassotti, T.T.,
De Brito, K.C.T., De Brito, B.G. and Horn, F. (2015)
Prevalence of ColV plasmid linked genes and in vivo patho-
genicity of avian strains of Escherichia coli. Food Borne
Pathol. Dis., 12(8): 679-684.

Matthijs, M.G.R., van Eck, J.H.H., Landman, W.J.M. and
Stegeman, J.A. (2003) Ability of Massachusetts-type infec-
tious bronchitis virus to increase colibacillosis susceptibil-
ity in commercial broilers: A comparison between vaccine
and virulent field virus. Avian Pathol., 32(5): 473-481.
Emery, D.A., Nagaraja, K.V., Shaw, D.P., Newman, J.A.
and White, D.G. (1992) Virulence factors of Escherichia
coli associated with colisepticemia in chickens and turkeys.
Avian Dis., 36(3): 504-511.

Schouler, C., Schaeffer, B., Bree, A., Mora, A., Dahbi, G.,
Biet, F., Oswald, E., Mainil, J., Blanco, J. and Moulin-
Schouleur, M. (2012) Diagnostic strategy for identifying
avian pathogenic Escherichia coli based on four patterns of
virulence genes. J. Clin. Microbiol., 50(5): 1673-1678.
Stehling, E.G., Yano, T., Brocchi, M. and da Silveira, W.D.
(2003) Characterization of a plasmid encoded adhesin of
an avian pathogenic Escherichia coli (APEC) strain iso-
lated from a case of swollen head syndrome (SHS). Ver.
Microbiol., 95(1-2): 111-120.

Jeong, Y.W., Kim, T.E., Kim, J.H. and Kwon, H.J. (2012)
Pathotyping avian pathogenic Escherichia coli strains in
Korea. J. Vet. Sci., 13(2): 145-152.

Sarowska, J., Bozena, FK.  Agnieszka, J.K,,
Magdalena, F.M., Marta, K., Gabriela, B.P. and Irena, C.K.
(2019) Virulence factors, prevalence and potential transmis-
sion of extraintestinal pathogenic Escherichia coli isolated
from different sources: Recent reports. Gut Pathog., 11: 10.
Yaguchi, K., Ogitani, T., Osawa, R., Kawano, M.,
Kokumai, N., Kaneshige, T., Noro, T., Masubuchi, K. and
Shimizu, Y. (2007) Virulence factors of avian pathogenic
Escherichia coli strains isolated from chickens with coli-
septicemia in Japan. Avian Dis., 51(3): 656-662.

Piva, 1.C., Pereira, A.L., Ferraz, L.R., Silva, R.S.N.,
Vieira, A.C., Blanco, J.E., Blanco, M., Blanco, J. and
Giugliano, L.G. (2003) Virulence markers enteroaggre-
gative Escherichia coli isolated from children and adults
with diarrhea in Brasilia, Brazil. J. Clin. Microbiol., 41(5):
1827-1832.

Ewers, C., Li, G., Wilking, H., Kiessling, S., Alt, K.,
Antao, E.M., Laturnus, C., Diehl, 1., Glodde, S., Homeier, T.,
Bohnke, U., Steinriick, H., Philipp, H.C. and Wieler, L.H.
(2007) Avian pathogenic, uropathogenic, and newborn
meningitis-causing Escherichia coli: How closely related
are they? Int. J. Med. Microbiol., 297(3): 163-176.
Delicato, E., de Brito, B.G., Gaziri, L.C.J. and Vidotto, M.C.
(2003) Virulence-associated genes in Escherichia coli iso-
lates from poultry with colibacillosis. Vet. Microbiol., 94(2):
97-103.

Wen-lie, J., Zhi-Ming, Z., Yong-Zhi, Z., Ai-Jian, Q., Hong-
Xia, S., Yue-Long, L., Jiao, W. and Qian-Qian, W. (2008)
Distribution of virulence-associated genes of avian patho-
genic Escherichia coli isolates in China. Agric. Sci. China,
7(12): 1511-1515.

Dipineto, L., Santaniello, A., Fontanella, M., Lagos, K.,
Fioretti, A. and Menna, L.F. (2006) Presence of Shiga
toxin-producing Escherichia coli O157:H7 in living layer
hens. Lett. Appl. Microbiol., 43(3): 293-295.

Altschul, S.F., Gish, W., Miller, W., Myers, E.W. and
Lipman, D.J. (1990) Basic local alignment search tool. J.
Mol. Biol., 215(3): 403-410.

Thompson, J.D., Higgins, D.G. and Gibson, T.J. (1994)
CLUSTAL W: Improving the sensitivity of progressive
multiple sequence alignment through sequence weighting
position-specific gap penalties and weight matrix choice.

Veterinary World, EISSN: 2231-0916

2711



Available at www.veterinaryworld.org/Vol.13/December-2020/16.pdf

33.

34.

35.

36.

37.

38.

39.

40.

41.

Nucleic Acids Res., 22(22): 4673-4680.

Tamura, K., Stecher, G., Peterson, D., Filipski, A. and
Kumar, S. (2013) MEGA6: Molecular evolutionary genetics
analysis version 6.0. Mol. Biol. Evol., 30(12): 2725-2729.
NRC. (1984) National Research Council, National
Requirement for Poultry. 9" ed. National Academy Press,
Washington, DC.

Bancfort, J.D. and Stevens, A. (1996) Theory and Practice
of Histological Technique. 4 ed. Churchill Livingstone,
New York.

Cyoia, P.S., Rodrigues, G.R., Nishio, E.K., Medeiros, L.P.,
Koga, V.L., Pereira, A.P.D., Vespero, E.C., Houle, S.,
Dozois, C.M., Nakazato, G. and Kobayashi, R.K.T. (2015)
Presence of virulence genes and pathogenicity islands in
extraintestinal pathogenic Escherichia coli isolates from
Brazil. J. Infect. Dev. Ctries., 9(10): 1068-1075.

Barbieri, N.L., de Oliveira, A.L., Tejkowski, T.M.,
Pavanelo, D.B., Rocha, D.A., Matter, L.B., Callegari-
Jacques, S.M., de Brito, B.G. and Horn, F. (2013) Genotypes
and pathogenicity of cellulitis isolates reveal traits that
modulate APEC virulence. PLoS One, 8(8): €72322.
Williams, P.H. and Griffiths, E. (1992) Bacterial transferrin
receptors-structure, function and contribution to virulence.
Med. Microbiol. Immunol., 181(6): 301-322.

Ahmed, A.M., Shimamoto, T. and Shimamoto, T. (2013)
Molecular characterization of multidrug-resistant avian
pathogenic Escherichia coli isolated from septicaemic
broilers. Int. J. Med. Microbiol., 303(8): 475-383.
Kafshdouzan, K., Salehi, T.Z., Nayeri, B., Madadgar, O.,
Yamasaki, S. and Hinenoya, A. (2013) Distribution of vir-
ulence associated genes in isolated Escherichia coli from
avian colibacillosis. lran. J. Vet. Med., 7(1): 1-6.
Sola-Gines, M., Cameron-Veas, K., Badiola, 1., Dolz, R.,
Majo, N., Dahbi, G., Viso, S., Mora, A., Blanco, J., Piedra-
Carrasco, N., Gonzalez-Lopez, J.J. and Migura-Garcia, L.

42.

43.

44,

45.

46.

47.

(2015) Diversity of multi-drug resistant avian pathogenic
Escherichia coli (APEC) causing outbreaks of colibacil-
losis in broilers during 2012 in Spain. PLoS One, 10(11):
e0143191.

Mohamed, L., Ge, Z., Yuehua, L., Yubin, G., Rachid, K.,
Mustapha, O., Junwei, W. and Karine, O. (2018) Virulence
traits of avian pathogenic (APEC) and fecal (AFEC) E.
coli isolated from broiler chickens in Algeria. Trop. Anim.
Health Prod., 50(3): 547-553.

Subedi, M., Luitel, H., Devkota, B., Bhattarai, RK.,
Phuyal, S., Panthi, P, Shrestha, A. and Chaudhary, D.K.
(2018) Antibiotic resistance pattern and virulence genes con-
tent in avian pathogenic Escherichia coli (APEC) from broiler
chickens in Chitwan. Nepal BMC Vet. Res., 14(1): 113.
Johnson, T.J., Kariyawasam, S., Wannemuchler, Y.,
Marigiamele, P., Johnson, S.J., Doetkott, C., Skyberg, J.A.,
Lynne, A.M., Johnson, J.R. and Nolan, L.K. (2007) The
genome sequence of avian pathogenic Escherichia coli
strain ol. k1.h7 shares strong similarities with human
extraintestinal pathogenic E. coli genomes. J. Bacteriol.,
189(8): 3228-3326.

Sedeek, D.M., Rady, M.M., Fedawy, H.S. and Rabie, N.S.
(2020) Molecular epidemiology and sequencing of avian
pathogenic Escherichia coli APEC in Egypt. Adv. Anim. Vet.
Sci., 8(5): 499.

Jeffrey, J.S., Nolan, L.K., Tonooka, K.H., Wolfe, S.,
Giddings, C.W., Horne, S.M., Foley, S.L., Lynne, A.M.,
Ebert, J.O., Elijah, L.M., Bjorklund, G., Pfaff-
McDonough, S.J., Singer, R.S. and Doetkott, C. (2002)
Virulence factors of Escherichia coli from cellulitis or coli-
septicemia lesions in chickens. Avian Dis., 46(1): 48-52.
Bianco, C., Balanescu, B., Cieslicka, U., Balanescu, P.,
Stefanov, K., Lopez, P. and Hristova, N. (2016) The Shades
of avian cellulitis in meat-type chicken. Res. Rev. J. Vet.
Sci., 2(2): 49-52.

seoskoskoskoskoskoskosk

Veterinary World, EISSN: 2231-0916

2712



