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Abstract

Background and Aim: Escherichia coli is the cause of avian colibacillosis, a significant threat to the poultry industry and public
health. Thus, this study investigated the prevalence of E. coli in diseased chicken broilers, pathological effects of these bacteria, and
interleukin (IL) gene expression of different serotypes of E. coli (078, 026, 044, and O55) on experimentally infected chickens.

Materials and Methods: A total of 295 organ samples (liver, lungs, heart, and spleen) from 59 diseased broiler chickens
were used for conventional identification of E. coli. Chickens were orally infected with one of the following E. coli serotypes
(078, 026, 044, or O55) and examined for clinical signs, mortality, macroscopic and microscopic lesions, and IL gene
expression using real-time quantitative polymerase chain reaction.

Results: E. coli was isolated from 53.2% of broiler chicken organs with a high prevalence in lungs (26.1%). The most
prevalent serotypes were O78, 026, 044, O55, O157, and O127 prevalence of 27.8, 22.2, 16.7, 16.7, 5.6, and 5.6%,
respectively. In the experimental design, five groups (G1-G5) of birds were established. G1 served as the negative control
group, while G2-G5 were challenged orally with E. coli 078, 026, 055, or 044, respectively. Chickens infected with
E. coli O78 or 026 showed significant clinical signs in comparison to the other infected birds. Mortality (13.3%) was only
observed in birds infected with E. coli O78. Necropsy of dead birds after E. coli O78 infection showed pericarditis, enteritis,
airsacculitis, and liver and lung congestion. More severe histopathological changes were observed in intestines, spleen,
liver, and lung from chickens infected with either E. coli O78 or O26 than for birds infected with other serotypes. On the
2" day post-infection, E. coli challenge, particularly with E. coli O78, displayed significantly upregulated levels of ileal
IL-6 and IL-8, but ileal IL-10 level tended to be downregulated in comparison to the control group.

Conclusion: This study assessed the application of cytokines as therapeutic agents against infectious diseases, particularly
colibacillosis.
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Introduction E. coli displays molecular patterns, such as lipo-
polysaccharides (LPS) and flagellin, on its surface
that interacts with toll-like receptors on the surface
of macrophage, resulting in the secretion of inter-
leukins (IL-1, IL-6, and IL-8) [5-7]. ILs are poly-
peptides produced by cells involved in immune and

Escherichia coli (E. coli) is a typical microorgan-
ism in chicken intestinal tracts and trachea to a lesser
degree [1]. Even common ‘“non-pathogenic” strains
of E. coli cause infection in animals, humans, birds,
and weakened or immunocompromised hosts or when

gastrointestinal barriers are breached. Further, some
strains of E. coli invade the body and cause avian
colibacillosis, a fatal systemic disease [2]. Signs of
colibacillosis in poultry include infection of yolk sacs,
omphalitis, hepatitis, pericarditis, septicemia, polyse-
rositis, enteritis, cellulitis, respiratory tract infection,
and salpingitis [3]. Poultry produces its immune cells
and antibodies to provide protection during disease
recovery [4].
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inflammatory responses. ILs activate and modulate
other cells and tissues [8]. ILs produced by birds are
poorly understood in terms of structure and function.
However, recent progress in the field of avian immu-
nology and genetics now recognizes a variety of ILs,
mostly in chickens. Relatively few recombinant cyto-
kines or monoclonal antibodies against avian cyto-
kines have been produced, but available technologies,
such as real-time quantitative polymerase chain reac-
tion (PCR), allow quantification of messenger RNA
expression from cytokine genes without the use of
proteins or antibodies [9]. These tools open a whole
new world of possibilities for determining the levels
of ILs in illnesses, leading to a better understanding
of pathogenesis and immune mechanisms. ILs also
show a potential for controlling avian infectious dis-
eases and are being examined as new curative agents.
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ILs may also serve as vaccine adjuvants, activating
the immune system to encourage an effective defense
response [9].

ILs, for example, IL-6, are secreted proteins
involved in recruiting and controlling cells in both
natural and acquired immunities. Such cytokines are
needed for successful host immune responses to patho-
gens. Chicken IL-6 and its role in pro-inflammatory
response are confirmed [10]. IL-6 aids short-term
protection against infection or damage by alerting
the immune system to the source of inflammation.
However, illness arises from improper control of this
molecule. Pro-inflammatory cytokines, such as IL-6,
control the immune response by stimulating the prolif-
eration and differentiation of leukocytes that kill patho-
gens [11]. The pro-inflammatory chemokine, IL-8, is
a chemoattractant, drawing heterophils to the site of
infection and triggering a fast local inflammatory reac-
tion [12]. IL-8 is known for chemotactic activity toward
heterophils and macrophages in chickens [13]. Further,
macrophage activation stimulates the secretion of the
crucial anti-inflammatory cytokine IL-10 that keeps
the immune system balanced by suppressing excessive
pro-inflammatory cytokine production [14]. IL-10 acts
as an inflammation feedback factor, allowing modu-
lation of the immune response [15]. IL-10 promotes
Th2-like immune responses, primarily through sup-
pressing Thl and pro-inflammatory cytokines [16].
These anti-inflammatory properties, including inhibi-
tion of macrophage function, can make the host more
susceptible to bacterial infections.

A study by Li ef al. [17] reported identification
and virulence of E. coli; however, limited research
concentrates on the interaction of E. coli, particu-
larly E. coli serotypes 026 and O44, with host innate
immune response. Consequently, the primary goal
of this research was the assessment of pathological
and immunological influences of different E. coli
serotypes in broiler chickens. The current study was
designed to (1) determine E. coli prevalence in dis-
eased broiler chickens; (2) describe impacts of infec-
tion by different serotypes of E. coli clinical signs,
mortalities, macroscopic lesions, and histopathology;
(3) and identify the effects of infection by different
serotypes on IL gene expression (IL-6, IL-8, and
IL-10) in broiler chickens using reverse transcrip-
tion-quantitative PCR (RT-qPCR).

Materials and Methods

Ethical approval

Animal Experiments and Ethics Committee,
Faculty of Veterinary Medicine, Mansoura University
approved all protocols and humane euthanasia (phys-
ical method).

Sample collection, study period, and location

A total of 295 organ samples (liver, lungs, heart,
and spleen) from fifty-nine 21-50-day-old broiler
chickens were separately collected in the period from
April to October 2019. All chickens displayed signs

of disease and were obtained from 11 poultry farms
situated in various geographic areas in Dakahlia and
Shargia Governorates in Egypt. The chickens exhib-
ited diarrhea, loss of appetite, coughing, and sneezing.
Ascites, pericarditis, perihepatitis, airsacculitis, and
peritonitis were the most common lesions observed
during necropsy. Samples were separately collected in
sterile polyethylene bags, placed immediately on ice,
and transferred to the laboratory for bacteriological
examination.

Isolation and identification of E. coli

A loopful from each organ was cultured on
MacConkey’s agar (Oxoid, UK) plates incubated aer-
obically at 37°C for 24 h. Suspected pink colonies
were picked up, streaked, and incubated overnight at
37°C on eosin methylene blue (EMB) agar (Oxoid).
Biochemical tests, such as catalase, oxidase, ure-
ase, methyl red, Voges—Proskauer, citrate utilization,
indole, and triple sugar iron agar, were used to identify
suspected E. coli colonies [18]. Slide agglutination
with polyvalent and monovalent fast diagnostic sets
of E. coli antisera (Denka Seiken Co., Ltd., Japan) was
used to identify serotypes of E. coli isolates [19].

Experimental design

Preparation of E. coli inocula

E. coli serotypes O78, 026, 055, and 044
obtained from local cases of avian colibacillosis as
described above were enriched in trypticase soy broth
(Oxoid) and incubated at 37°C for 24 h. The surface
spread method was used to determine viable cells per
mL of trypticase soy broth [20]. E. coli suspensions
containing 10° CFU/mL were prepared as previously
described by Ateya et al. [21]. Infection with E. coli
serotypes was achieved by oral administration of
0.5 mL of bacterial suspension to 7-day-old chicks
using a syringe attached to a polyethylene tube. Birds
were given a similar amount of sterile phosphate buf-
fer saline as a negative control.

Experimental chicks

The experiment used 75 healthy Hubbard broiler
chicks obtained from a commercial hatchery when
1 day old. Broiler chicks were divided into five groups
of 15 birds at random. All birds were supplied with
a balanced commercial starter till day 14 throughout
the experiment. Fresh and clean drinking water was
supplied ad libitum. Chicks were housed in a clean
well-ventilated, previously fumigated room. The first
group (G1) served as a standard negative control
group, the second group (G2) was infected by E. coli
078, the third group (G3) by E. coli 026, the fourth
group (G4) by E. coli O55, and the fifth group (G5)
by E. coli O44.

Clinical symptoms, mortality, and macroscopic
lesions

Birds in each group were monitored twice a
day for clinical symptoms and mortality. E. coli

Veterinary World, EISSN: 2231-0916

2728



Available at www.veterinaryworld.org/Vol.14/October-2021/21.pdf

colonization in visceral organs and gross lesions was
by gathering, necropsying, and taking specimens of
dead and sacrificed birds.

E. coli reisolating from internal organs

Two chickens per group were randomly selected
and sacrificed on days 7 and 14 post-inoculation for
reisolating E. coli from visceral organs. Liver, spleen,
lungs, and cecum samples from these birds were
streaked on EMB agar and incubated at 37°C for
18-24 h. Suspected E. coli colonies were identified
using morphological, biochemical, and serological
methods, as mentioned before.

Histopathological examination

On day 14, samples from liver, spleen, lung,
intestine, and heart were fixed in 10% neutral buffered
formalin. Hematoxylin and eosin stained 5 um thick
paraffin sections were examined microscopically [22].

Collection of ileum sample

On day 2, five birds from each group were sacri-
ficed at random for collecting ileal samples. Ileal spec-
imens were aseptically washed in phosphate-buffered
saline, snap frozen in RNA later (Qiagen, Germany)
solution, and stored at —80°C for later quantification
of gene expression.

RT-qPCR

IL gene expression (IL-6, IL-8, and IL-10) in
ileal tissue was quantified using RNA extraction used
an RNeasy Mini Kit (Catalogue no.74104, Qiagen).
A 30 mg of tissue sample was homogenized and pro-
cessed as described by the manufacturer. 1L-6, IL-8,
and IL-10 mRNA were amplified and quantified using a
real-time PCR machine (Stratagene MX3005P, Agilent
Technologies Company, USA). Primer sequences are
listed in Table-1 [23,24]. The housekeeping gene 28S
rRNA was used as a constitutive control for normaliza-
tion. The reaction mixture volume was 25 ul. made up
with 12.5 pL 2x QuantiTect Probe RT-PCR Master Mix
(catalog No0.204443, Qiagen), 0.5 uL of 20 pmol solu-
tion of each primer, 0.125 uL probe (30 pmol), 0.25 uL

QuantiTect RT Mix (RevertAid Reverse Transcriptase)
(Qiagen), 8.125 uL RNase-free water (Sedico, Egypt),
and 3 pL template RNA. The real-time PCR cycling
conditions were reverse transcription (50°C, 30 min),
primary denaturation (94°C, 10 min), and then ampli-
fication (40 cycles) with secondary denaturation
(94°C, 15 s), annealing, and extension (60°C, 1 min).
Amplification curves and Ct values were deter-
mined using Stratagene MX3005P software, Agilent
Technologies Company). The Ct value of each sample
was compared with the positive control as described
for the “AACT” method [25].

Statistical analysis

Data were analyzed using one-way analysis
of variance with the statistical program SPSS, ver-
sion 17.0 (SPSS Inc., Chicago, IL, USA). Means of
ileal gene expression levels were compared at p<0.05
using Tukey’s test for statistical significance.

Results

E. coli prevalence in sick broiler chicken

E. coli was isolated from 32 of 59 broiler chick-
ens (54.2%). A total of 157 (53.2%) isolates of patho-
genic E. coli were obtained from 295 samples. These
isolates were identified morphologically and biochem-
ically from chicken organs. The highest incidence of
E. coli was detected in lungs 41/157 (26.1%), followed
by liver 40/157 (25.5%), heart 33/157 (21.1%), and
spleen 24/157 (15.3%). Serological identification of
18 biochemically identified E. coli strains showed six
serotypes (Table-2). E. coli serotype O78 was predom-
inant (27.8%), followed by 026 (22.2%), 044 and
055 (16.7% each), and O157 and O127 (5.6% each).

Experimental infection results

Clinical signs, mortality, and macroscopic lesions
All broiler chickens inoculated with E. coli sero-
types 078, 026, 055, or 044 were inspected. Ruffled
feathers, inappetence, respiratory manifestations, sit-
ting on hocks, and diarrhea (yellow to whitish) were the

Table-1: Oligonucleotide primers and probes used in real-time PCR.

Gene Primer sequence

Reference

(5°-3")

IL-6 GCTCGCCGGCTTCGA

GGTAGGTCTGAAAGGCGAACAG [23]
(FAM) AGGAGAAATGCCTGACGAAGCTCTCCA

(TAMRA)
28S rRNA

GGCGAAGCCAGAGGAAACT
GACGACCGATTTGCACGTC

(FAM) AGGACCGCTACGGACCTCCACCA (TAMRA)

IL-8 GCCCTCCTCCTGGTTTCAG
TGGCACCGCAGCTCATT

(FAM) TCTTTACCAGCGTCCTACCTTGCGACA

(TAMRA)
IL-10

CATGCTGCTGGGCCTGAA

[24]

CGTCTCCTTGATCTGCTTGATG
(FAM) CGACGATGCGGCGCTGTCA (TAMRA)

PCR=Polymerase chain reaction
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most common signs observed in experimentally infected
birds. Clinical signs were more severe in birds in G2
(078 infected) and G3 (026 infected) than in birds in G4
(055 infected) and G5 (044 infected). Signs observed in
birds in G2 were more severe than signs recorded from
other birds. Mortality was only observed in G2 birds
(13.3%; 2/15); no mortality was recorded in other chick-
ens throughout the experimental period. Pericarditis,
enteritis, airsacculitis (cloudy to fibrinous exudate in air
sacs), and liver and lung congestion were seen during
necropsy of dead birds in G2. No clinical symptoms or
deaths were observed in the control birds (G1).

E. coli reisolation from internal organs

Recovery of E. coli from internal organs of dif-
ferent groups was performed. E. coli strains were
reisolated from visceral organs (liver, spleen, lung,
and cecum) of chickens in all experimentally infected
birds (G2-GS5) on days 7 and 14. No E. coli was recov-
ered from any control birds.

Histopathological findings of internal organs

Histopathological lesions observed in livers of
G2 chickens were inflammation, interstitial hemor-
rhages, portal tract mononuclear cell infiltration, con-
gestion, and focal feathery degeneration (Figure-1b).
Livers from G3 birds showed similar lesions but with
more hemorrhages and less inflammation (Figure-1c)
in comparison to control (Figure-1a). Lesions in hearts
from G2 and G3 were mild thickening of pericar-
dium, degeneration of myocardium, but no significant
inflammatory cell infiltration (Figure-2b) in compari-
son to control (Figure-2a). Congestion, focal necrosis,
and dilated sinusoids with inflammatory cells were
observed in the spleen in birds in G2 and G3 (Figure-3b)
in comparison to control (Figure-3a). In the intestine,
sloughing of intestinal epithelium and inflammatory
cell infiltration was severe in chickens in G2 and G3
(Figure-4b) but less serious in birds in G4 in compari-
son to control (Figure-4a). In the lungs, severe conges-
tion, hemorrhage, and moderate inflammatory cellular
infiltration were observed in birds in G2, G3, and G5
(Figure-5b) G4 in comparison to control (Figure-5a).

E. coli infection upregulates expression of IL-6, IL-8,
and IL-10

Relative quantitative RT-qPCR was used to
assess relative gene expression of pro-inflammatory

Table-2: Serotyping of E. coli isolates from diseased
chicken (n=18).

Serotype Types of samples No. of Percentage

isolates
078 Lungs (n=2), liver, 5 27.8
heart, spleen
044:K74 Spleen, heart, liver 3 16.7
055:K59 Heart, lung (n=2) 3 16.7
026:K60 Lung, heart (n=2), spleen 4 22.2
0157:K-  Lung 1 5.6
0127 Liver 1 5.6

E. coli=Escherichia coli

cytokines (IL-6, IL-8, and IL-10) in the ileum of birds
following E. coli challenge on 2 days after infection.
In contrast to the control group, E. coli challenge ele-
vated mRNA expression of ileal IL-6 and IL-8 but
appeared to lower ileal IL-10 expression (Figure-6).
The highest significant elevation in mRNA expression
of IL-6 was recorded in birds from G2. Other chickens
(G1, G3, G4, and G5) showed significant downregu-
lation in ileal IL-6 (p<0.05). IL-6 gene expression in
G2 showed the greatest effect, a 9.5-fold increase over
controls. The smallest effect was observed in birds
from G4, a 3-fold change (Figure-6). Chickens from
G2 also showed higher ileal IL-8 levels than birds
from G3 and G1. However, G2 ileal IL-10 level was
significantly lower.

Discussion

Primary infection in the respiratory tract can be
caused by pathogenic E. coli. Such infection may result
insystemicinfectionand appearance ofadisease known
as colibacillosis in chickens [26]. Lower hatching
rates, egg production, and inhibition of growth along
with increased mortality occur due to colibacillosis,
which is currently the main cause of economic losses
in the poultry industry worldwide [27]. The incidence
of E. coli isolated from samples of Egyptian broiler
chickens that showed clinical signs of colibacillosis
was 53.2%. Similarly, the previous studies showed a
high incidence of E. coli (52.3%, 53.8%, and 57.3%)
at different localities in Egypt [28-30]. Furthermore,
E. coli was isolated from 53.4% of the internal organs
of ill broiler chickens in Jordan [31]. Conversely, a
lower incidence of E. coli in chickens was previously
reported in the range of 26.9-36.5% [32-34]. Pilling
of E. coli in aerosols in chicken barns allows birds to
inhale E. coli and supports a high disease incidence in
chicken broilers.

E. coli was found in a variety of internal organs,
with high rates of isolation from lungs (26.1%) and
liver (25.5%) [33,35]. The isolation of E. coli from
several organs is a sign of intestinal £. coli invasion.
High isolation rates from lungs and liver may be
attributed to an initial respiratory tract infection that
spreads to other internal organs [36].

The serotyping analysis that distinguishes patho-
genic strains based on surface antigens is a more
accurate identification method. Serogroup O is one
basic diagnostic for classifying pathogenic E. coli
strains. Serological identification showed that sero-
type O78 (27.8%) was predominant followed by
026 (22.2%) than other serotypes. O78 was the dom-
inant serotype in Egypt among other serogroups (O1,
026,02, 0127, 091, and O153) isolated from broiler
chicken viscera [28]. Broiler chickens infected with
E. coli in China and Jordan showed that O78 was the
most prevalent serotype [31,37]. 026 was identified
in the present investigation from chickens suffering
from septicemia. This serogroup is not common in
chickens but may be transmitted from other animals
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Figure-1: Photomicrograph of sections from liver of broiler chicks on 7 days post-infection with Escherichia coli stained
with H&E. (a) Histological picture of liver shows normal picture in G1 (control group); (b) interstitial, hemorrhages,
portal tract mononuclear cell infiltration, congestion, and focal feathery degeneration in G2; (c) severe hemorrhages,
less inflammation, interstitial hemorrhages, portal tract mononuclear cell infiltration, congestion, and focal feathery
degeneration in G3.

Figure-2: Photomicrograph of sections from heart of
broiler chicks on 7 days post-infection with Escherichia coli
stained with H & E. (a) Histological picture of heart shows
normal picture in G1 (control group); (b) mild thickening
of pericardium, degeneration of myocardium, and no
significant inflammatory cell infiltrate in G2 and G3.

a L b S

Figure-3: Photomicrograph of section from spleen of
broiler chicks on 7 days post-infection with Escherichia coli
stained with H & E. (a) Histological picture of spleen shows
normal picture in G1 (control group); (b) congestion,
focal necrosis, and dilated sinusoids by inflammatory cells
infiltrate in G2 and G3.

Figure-4: Photomicrograph of sections from intestine of
broiler chicks on 7 days post-infection with Escherichia coli
stained with H & E. (a) Histological picture of heart shows
normal picture in G1 (control group); (b) sloughing of
epithelium and inflammatory cell infiltration in G2 and G3.

a B = NS b

sy .

to chickens raised nearby. Thus, raising chickens at
a distance from other animals may be important for
preventing the transmission of E. coli isolates among
livestock.

a Rttt R B RV b - N cal.

Figure-5: Photomicrograph of sections from lung of broiler
chicks on 7 days post-infection with Escherichia coli stained
with H & E. (a) Histological picture of lung shows normal
picture in G1 (control group); (b) severe congestion,
hemorrhages, and inflammatory cellular infiltrate in G2,
G3, and G5.

Ruffled feathers, decreased appetite, respira-
tory symptoms, sitting on hocks, and yellow to whit-
ish diarrhea were the most commonly noted signs in
experimentally infected birds. In birds infected with
E. coli O78 and 026 (G2 and G3), clinical manifes-
tations were more severe, with 13.3% mortality. This
result is consistent with a previous study [38] that
reported mouth breathing, sneezing, ruffled feathers,
weights loss, diarrhea, loss of appetite, diarrhea, and
mortality (30%) in chickens infected with E. coli O78.
Another study indicated depression with whitish diar-
rhea in broiler chickens infected experimentally with
E. coli O78 [21,39]. Birds exhibited a 12.82% mor-
tality after 48 h among birds challenged with E. coli.
Further, postmortem examination of the dead birds in
chickens infected with E. coli O78 (G2) in the pres-
ent study showed pericarditis, enteritis, airsacculitis,
and liver and lung congestion. A similar investigation
also reported congestion in different organs, as well
as fibrin accumulation in the liver (bread and butter
appearance) and heart [40].

Histopathological lesions varied from mild
to severe, reflecting virulence and pathogenicity.
Chickens infected with E. coli O78 or 026 displayed
more severe histopathological changes in the liver,
spleen, intestine, and lung samples than birds infected
with other serotypes. In contrast, only mild lesions
were exhibited in heart tissues. Some findings may
be due to infection-induced immunosuppression and
stress [41]. A previous study by Shah et al. [40] also
reported fibrinous pericarditis, myocarditis, fibrinous
perihepatitis, hepatitis, fatty changes in hepatocytes,
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Figure-6: Reverse transcription-polymerase chain reaction analyses for the expression of pro-inflammatory cytokine (IL-
6, IL-8, and IL-10) in the ileum of birds challenged with different serotypes of Escherichia coli (078, 026, O55, and 044).
Data were expressed as meanzxstandard error. The different letters indicate a significant difference (p<0.05) between

experimental groups.

interstitial pneumonia, necrosis, and depletion of lym-
phocytes in spleen, consistent with these findings.
Finally, inflammation, congestion, and degenerative
changes in the liver, heart, splenic cells, and intestine
with sloughing of epithelium were reported [42].

ILs are extracellular signaling molecules that
transmit information between cells for modulating
immune responses as part of both natural and adap-
tive immunities [8]. Relative RT-qPCR is the most
accurate method for the detection and quantifica-
tion of gene expression in cells and tissues for low
abundance mRNA due to its high sensitivity, good
reproducibility, and wide quantification range [43].
Gene expression in this study showed a relationship
between pro-inflammatory cytokine levels (IL-6,
IL-8, and IL10) and the challenge induced by various
E. coli serotypes in broiler chickens. Upregulation of
mRNA expression of ileal IL-6 and IL-8 genes, but
downregulation of ileal IL-10 expression followed
E. coli challenge. These changes occurred early after
infection (day 2), and IL-6 and IL-8 likely participate
in host immune response to pathogens [41,44]. Both
cytokines are critical for initiating an acute-phase
immune response against invading pathogens and
triggering a variety of immune cells, such as T cells
and macrophages [9]. A significant increase in /L-6
and /L-8 gene expression in the ileum of birds infected
with E. coli O78 (G2) was seen compared to other
chickens. Upregulation may be a result of greater
pathogenicity of E. coli serotype O78 compared to

other examined serotypes. Thus, E. coli O78 might
overstimulate the immune system to a greater extent
than other tested serotypes. Inoculation with E. coli
induced secretion of pro-inflammatory cytokines
IL-1b, IL-6, and IL-8, especially in splenic cells and
pulmonary tissue [21,45,46]. Overall, small increases
in pro-inflammatory cytokines may reflect the age of
chicks. Natural resistance to infection with £. coli had
developed in chicks by the age of 3 weeks [47].

Further, phagocytic cells of the natural immune
system secrete 1L-10 due to E. coli infection. In
this study, anti-inflammatory cytokine (/L-10) gene
expression was reduced after exposure to E. coli O78
or 026 that was compatible to previous studies[21,48].
Expression of IL-10 was suppressed after exposure to
LPS [49,50]. When broilers were nourished with man-
nanoligosaccharide and then challenged with E. coli,
ileal IL-10 expression was higher than when they
were challenged with E. coli only [46]. Furthermore,
in chickens infected with E. coli, a large elevation in
liver IL-10 occurred [51]. Differences in gene expres-
sion among studies could be due to different challenge
approaches and measuring methods.

Conclusion

This is the first study to demonstrate the impact
of avian E. coli serotypes O44 and 026 on the patho-
logical status and IL gene expression in broiler chick-
ens. A high prevalence of E. coli in broiler chicken
that might be associated with major economic losses
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was found. Experimental infection with different
serotypes of E. coli connected adverse effects with a
shift in the equilibrium of cytokines. IL-6 and IL-8
are upregulated and IL-10 downregulated. This imbal-
ance causes inflammation-induced damage in several
internal organs. Further studies might clarify the util-
ity of cytokines as therapeutic agents against infec-
tious diseases, particularly colibacillosis. In addition,
the application of control and preventive measures is
highly recommended for poultry farms to limit bacte-
rial diseases, such as colibacillosis, that are associated
with major economic losses and public health hazards.
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