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Avian Pathogenic Escherichia coli (APEC) infections concern economically the poultry industry inducing
different disease syndromes leading to high mortality and condemnations. There is tremendous diversity
in O serotypes within even a limited geographic region. It has been reported previously on a live E. coli
vaccine’s ability to protect against different O78 APEC in commercial broilers. Due to the diversity of
APEC serotypes in the field, this study was conducted to measure that live attenuated E. coli (Poulvac�

E. coli) vaccine’s ability to cross-protect against three of the heterologous (non-O78) APEC isolates;
O27, O8, and O115 compared to cefotaxime treatment through experimental infections in commercial
broiler chickens. While the vaccination gave significant protection against the three serotypes tested
there were at least subtle differences between them based on clinical signs, post-mortem lesions and
mortality rate for 14 days post-challenge (dpc), E. coli re-isolation and histopathological examination at
4, 10 and 14 dpc., final body weight and feed conversion ratio at 35 days of age.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Escherichia coli, a commensal inhabitant of the gastrointestinal
tract of mammals and birds, is the causative agent of several dis-
eases in animals and human worldwide. Pathogenic E. coli strains
have been divided into intestinal pathogenic E. coli and extra
intestinal pathogenic E. coli (ExPEC) depending on the location of
the infection they are causing. These ExPEC strains can spread into
various internal organs leading to variety of systemic or localized
syndromes as, acute colisepticemia, airsacculitis or chronic respira-
tory disease (CRD), perihepatitis, pericarditis, swollen-head syn-
drome, fibrino-purulent polyserositis (peritonitis), salpingitis,
omphalitis, synovitis, cellulitis, osteomyelitis, enteritis and col-
igranuloma (Nolan et al., 2013; Rahimi and Haghighi, 2012;
Trampel et al., 2007; Harry and Hemsley, 1965; Cloud et al., 1985).

Controlling the predisposing factors is one of the strategies of
treatment in addition to the early use of antibiotics. Unfortunately,
the well-developed plasmid, transposons, and class 1 integrons
(Singh et al., 2005) in E. coli lead to high frequency of resistance
to some antibiotics specially macrolide and tetracycline groups.
Furthermore, the reduced usage of antibiotics in poultry industry
after banning may give the chance for E. coli vaccines to be an alter-
native way to reduce E. coli infection losses (Chansiripornchai et al.,
1995).

The tremendous diversity in O serotypes of APEC within even a
limited geographic region considered a high challenge that limits
the widespread use of the vaccines against APEC. several vaccines
based on killed and live attenuated strains have been tested exper-
imentally. In general, they gave enough protection against infec-
tion with homologous strains while different levels of protection
against heterologous strains have been reported as well
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(Dho-Moulin and Fairbrother, 1999; Heller et al., 1990; Melamid
et al., 1991).

On the other hand the ability of live E. coli vaccine (O78: K80
aroA gene mutant) to protect commercial broilers and turkeys
against different APEC O78 strains have been proved in different
studies (Cookson and Davis, 2007; Cookson et al., 2008; La
Ragione et al., 2013). In addition, cross protection of the Poulvac�

E. coli against the more common heterologous APEC serotypes;
O1, O2 and O18 has been reported by Cookson et al. (2009), while
the 3 vaccination strategies (at either day 1, day 18 or days 1& 18)
gave significant protection against the three serotypes tested, there
were at least subtle differences between them.

The stability and safety of live AroA mutant E. coli vaccine strain
(Poulvac� E. coli) was confirmed through European Medicines
Agency (EMEA, 2013) with no risk to the environment or humans.

Because of the diversity of APEC serotypes in the field, this
study was conducted to measure the efficacy of live attenuated
commercial E. coli vaccine (Poulvac� E. coli) against experimental
infection with 3 selected ExPEC serotypes (O27, O8, and O115) in
commercial broiler chickens versus cefotaxime treatment.
2. Material and methods

Ethical statement

All experiments and methods were performed in accordance
with relevant guidelines and regulations. All experimental proto-
cols were approved by the Committee on the Ethics of Animal
Experiments of Damanhour University (DMU) including chicken
vaccination and histopathological examination (and relevant pro-
tocols). Ethical Approval code of Damanhour University was
(DMU/VetMed-2015/0067).

2.2. Experimental design

2.2.1. Birds
A total of 220 one-day-old commercial broiler chicks (Ross 308)

of both sexes obtained from a commercial hatchery were used.
chicks were randomised and evenly assigned to different treat-
ment groups, resulting in 11 groups of twenty, each of which con-
sisted of two replicates. All birds were floored reared in separate
clean pens, fed and watered ad-libitum during the whole experi-
ment. The birds were tested on the first and 20th days of age for
the presence of APEC and revealed negative results.

Chicken groups number (no.) G1, G4 and G7 were non-
vaccinated for E. coli, challenged with E. coli serotypes O27, O8,
and O115, respectively and non-treated. Groups no. G2, G5 and
G8 were vaccinated-challenged with the 3 serotypes, respectively
and non-treated. While groups no. G3, G6 and G9 were non-
vaccinated, challenged with E. coli serotypes O27, O8, and O115,
respectively and treated with cefotaxime. Chickens in G10 were
vaccinated for E. coli, non-challenged and non-treated, while in
G11 were non- E. coli vaccinated, non-infected and non-treated.

2.2.2. Vaccines
A commercially available live attenuated aroA gene deleted vac-

cine (Poulvac� E. coli, Zoetis), containing E. coli serotype O78 with
each one dose of reconstituted vaccine contains 5.2 � 106 to
9.1 � 108 CFU, was used at 1 day old via coarse spray.

Also, the protective vaccination schedule for viral diseases in all
bird groups was, Newcastle disease + infectious bronchitis vaccine
(Nobilis� Clone 30 + Ma5, MSD) applied by eye drop and Newcastle
disease + avian influenza H5N1 vaccine (MeFluvac ND�, MEVAC)
by S/C injection on the 7th day of age. Gumboro intermediate plus
(Bursine Plus� vaccine, Zoetis) at 14th day and LaSota (Nobilis� ND
2

LaSota, MSD) on the 18th day of age, both vaccines were applied
via eye drops.

2.2.3. E. coli serotypes used for experimental infection:
Three different pathogenic E. coli serotypes O27 (strain No: L1-

13), O8 (strain No: B4-13) and O115 (strain No: B8-14) previously
identified at department of poultry and fish diseases, faculty of vet-
erinary medicine, Damanhour university, Egypt. Pathogenicity and
antibiotic sensitivity profile of these 3 APEC serotypes were previ-
ously tested and reported by Ellakany et al. (2019). The three
serotypes were highly pathogenic and sensitive to cefotaxime.
Challenge was applied at 21 days old with a dose of 0.5 ml of
bacterial suspension containing 1.2 � 109 CFU/ml through
intratracheal route (Rawiwet and Chansiripornchai 2009).

2.2.4. Treatment
Cefotaxime (Cefotax� -Egyptian international pharmaceutical

industries) treatment was applied through intramuscular injection
a dose of 20 mg/kg body weight (Bwt) daily for 2 successive days
post challenge (dpc).

2.2.5. Evaluation parameters

1. Body weight (Bwt), Feed Intake (FI), Feed Conversion Ratio
(FCR) and mortality in each group have been evaluated at
35 days old.

2. Clinical signs and post-mortem (PM) lesions scoring for 2 weeks
post challenge.

3. Re-isolation of E. coli: 10 tracheal and 10 cloacal swabs were
collected from each chicken group at 4, 10 and 14 dpc then
streaked onto MacConkey’s agar. Colonies were further identi-
fied biochemically according to Konemann et al. (1997) and
Quinn et al. (2002) and serologically for serotyping using slide
agglutination test and specific polyvalent and monovalent sera
(Edwards and Ewing, 1986).

4. Histopathological examination: Trachea, lung, liver and intesti-
nal samples from 4 sacrified birds per each group, after eutha-
nasia with intravenous injection of sodium pentobarbital
(50 mg/kg), were collected at 4th dpc and sections were fixed
in 10% neutral–buffered formalin (Bancroft and Layton, 2013).

3. Results

3.1. Results of experimental infection with APEC serotype O27 in G1,
G2 and G3

3.1.1. Final Bwt, FI, FCR and mortality rate (Table 1)
Regarding Bwt, FI and FCR at 35 days old, there was significant

improvement in Bwt and FCR (p � 0.05) in favor of chickens in G2;
vaccinated, challenged and non-treated compared to other chicken
groups (G1& G3) with a body weight of 1874 g and a FCR of 1.5,
where no significant difference (p � 0.05) has been observed
between this group (G2) and the vaccinated, non-challenged and
non-treated G10. Mortality was 10% in chickens in G1 versus 0%
in G2.

Clinical signs of diseased birds included decreased feed intake,
whitish-brownish diarrhea, coughing and sneezing. These signs
were most prominent in chicken G1. Post-mortem lesions included
fibrinous pericarditis, perihepatitis and airsacculitis with increased
severity in chicken G1.

3.1.2. Re-isolation of APEC serotype O27 after experimental infection
At 14 dpc, the high percentage of re-isolation of the APEC O27

from collected tracheal and cloacal swabs was observed in
chicken G1 (60%), followed by G3 (20%) where G2 showed 0%. All



Table 1
Average Bwt., FI, FCR and mortality rates in chicken G1, G2 and G3 challenged with E. coli serotype O27 compared to chicken G10 and G11 at 35 days old (14 dpc).

Treatment N Bwt. (g) FCR FI Mortality % Bwt%**

G1 15 1297.00 ± 127.43c 1.96 ± 0.28a 2250.00 2/20 (10%) 79.67%
G2 15 1874.50 ± 57.47a 1.50 ± 0.04b 2792.50 0/20 (0%) 115.14%
G3 15 1647.00 ± 45.06b 1.61 ± 0.04ab 2638.00 0/20 (0%) 101.17%
G10 15 1841.50 ± 49.72a 1.50 ± 0.04b 2743.00 0/20 (0%) 113.11%
G11 15 1628.00 ± 44.37b 1.84 ± 0.05ab 2977.50 0/20 (0%) 100%

Note: * Means within the same column carry different superscripts are significantly differed at level p � 0.05.
Note: **: Percentage of Bwt loss or gain compared to control negative chickens of G11.
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tracheal and cloacal swabs samples from chicken G10 & G11 were
negative for re-isolation of APEC (Table 2).

3.1.3. Histopathology
The histopathological findings of chicken groups at 4 dpc were

illustrated in Table 3.
Birds challenged with serotype O27 in G1 showed the most sev-

ere lesions where the trachea showed epithelial hyperplasia asso-
ciated with a mild degree of submucosal leukocytic infiltration in
addition to the presence of multiple mucous-filled cysts. Also,
the examined lung samples of chickens in the same group revealed
marked epithelial hyperplasia of secondary bronchi with collapsed
peribronchial air capillaries and inflammatory cell infiltration
within the parabronchial wall. Liver showed multifocal areas of
haemorrhages and focal liquifactive hepatic necrosis. Intestinal
examination revealed marked intestinal lining epithelial and glan-
dular hyperplasia, degeneration of intestinal lining epithelium of
the villi (Fig. 1.a) as well as mononuclear and heterophilic inflam-
matory cell infiltration in the serosal layer of the intestine.

On the other hands, the histopathological findings for birds in G2
showing the trachea with normal ciliated epithelial lining (Fig. 1.b).
The lungs showed patent wide funnel-shaped atria which branched
out to normal air capillaries with markedly decreased interstitial
inflammatory reaction. The liver and intestine (Fig. 1.c) showed
very mild lesions and mostly were within the normal limits.

Chicken G3 had markedly noticeable lesions with a moderate
degree of tracheitis with leukocytic infiltration (Fig. 1.d). The pul-
monary lesions showed severe interstitial exudation and hetero-
phillic infiltration with noticeable inflammation within the
parabronchial walls, focal hepatitis (focal hepatocytes degeneration
associated with infiltration of heterophils and lymphocytes) and
normal intestinal mucosa.

3.2. Results of experimental infection with APEC serotype O8 in G4, G5
and G6

3.2.1. Final Bwt, FI, FCR and mortality rate (Table 4)
Chicken G4 had the highest mortality rate of 3/20 (15%)

compared to only 10% in G5. At 35 days old, chickens of G5 showed
Table 2
Percent of tracheal and cloacal re-isolation of E. coli serotypes from all chicken groups at

% of cloacal re-isolation % of trach

14 dpc 10 dpc 4 dpc 14 dpc

60 80 80 60
0 20 40 0
20 40 60 20
60 80 80 60
20 40 60 20
20 40 60 20
60 80 80 60
20 40 60 20
20 40 60 20
0 0 0 0
0 0 0 0

3

significant higher Bwt and better FCR (p � 0.05) than the other 2
groups (G4& G6) with a body weight of 1692 g and a FCR of 1.53
respectively, while there was no significant difference observed
between this group G5 and the vaccinated, non-challenged and
non-treated G10.

A decreased feed intake, signs of diarrhea, coughing and sneez-
ing, as well as fibrinous pericarditis, perihepatitis and airsacculitis
were prominantely reported in the non-vaccinated, infected, and
non-treated G4.

3.2.2. Re-isolation of APEC serotype O8 after experimental infection
Re-isolation from tracheal and cloacal swabs was present up to

14 dpc in all groups G4, G5 and G6 with a higher percentage (60%)
in G4 (previously described in Table 2).

3.2.3. Histopathology
The trachea of birds challenged with APEC serotype O8 (G4)

showed epithelial hyperplasia associated with multiple mucous-
filled cysts while the lungs revealed marked exudation within
the interstitial tissue, associated with leukocytic infiltration within
the parabronchus wall (Fig. 2.a). The liver of chickens within this
group showed severe coagulative necrosis, but intestinal examina-
tion revealed a mild degree of enteritis.

Birds vaccinated and challenged with E. coli serotype O8 (G5)
showed normal ciliated epithelial lining of the trachea. The lung
showed hyperplasia of the para bronchi lining epithelium with
normal air and blood capillaries within the respiratory parabron-
chial walls and markedly limited interstitial reaction as edema
and heterophils (Fig. 2.b). The liver revealed moderate congestion
of blood sinusoids with focal hepatocytes degeneration. Intestinal
lesions of this group appeared as very mild degeneration of the
intestinal glands and mucosal lining.

Chicken G6 (Challenged and treated) had a moderate degree of
tracheitis with leukocytic infiltration and the pulmonary lesions
showed severe interstitial exudation and heterophilic infiltration
with noticeable inflammation within the parabronchial walls.
Focal hepatitis (focal hepatocyte degeneration associated with
infiltration of heterophils and lymphocytes) and a mild degree of
enteritis.
4, 10 and 14 dpc.

eal re-isolation Chicken groups

10 dpc 4 dpc

80 80 G1
20 40 G2
20 40 G3
80 80 G4
40 60 G5
20 40 G6
80 80 G7
40 60 G8
20 40 G9
0 0 G10
0 0 G11



Table 3
The severity of histopathological lesions in trachea, lung, liver, and intestine of the experimental chicken groups.

Intestine Liver Lung Trachea Organs Chicken groups

+++ +++ +++ ++ G1
+ + + + G2
+ ++ ++ ++ G3
++ +++ ++++ + G4
+ ++ + + G5
+ ++ ++ + G6
+ ++ ++ ++ G7
+ ++ + + G8
+ + + + G9
– – – – G10
– – – – G11

Trachea: �, Normal tracheal mucosa and submucosa; +, Mild epithelial hyperplasia and congestion of the mucosal blood vessels; ++, Moderate epithelial degeneration, blood
vessels, higher no. of mucosal cyst and submucosal inflammatory cell infiltration. Lung: -, Normal bronchi and respiratory portions; +, Congestion, edema of the interstitial
blood vessels; ++, Marked congestion and hemorrhages, interstitial edema and exudates; +++, Marked increase of the interstitial fibrin exudate (lobular); ++++, Diffuse (Lobar)
pulmonary pneumonia, fibrin exudation, interstitial edema and leukocytic infiltration. Liver: -, Normal hepatocytes and normal hepatic sinusoids and blood vessels; +, Mild
degree of hepatocytes degeneration, hepatic blood sinusoid congestion, and leukocytic infiltration; ++, Moderate degree of hepatocytes degeneration, hepatic blood sinusoid
congestion and leukocytic infiltration especially heterophils; +++: Coligranuloma in addition to severe hepatocyte degeneration and necrosis. Intestine: -, Normal villi and
mucosal lining; +, Mild degree of enteritis (mild mucosal hyperplasia, epithelial degeneration, and leukocytic infiltration); ++, Moderate degree of enteritis; +++, Severe degree
of enteritis.
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3.3. Results of experimental infection with APEC serotype O115 in G7,
G8 and G9

3.3.1. Final Bwt, FI, FCR and mortality rate (Table 5)
Chicken G7 had significantly lower Bwt (p � 0.05) compared to

the other groups (G8 and G9) while there was no significant differ-
ence in FCR between all the groups challenged with E coli serotype
O115 at 35 days old. Ten percent mortality was reported in chick-
en G8 (vaccinated, challenged and non-treated) while 5% mortality
was observed in the challenged, non-vaccinated and non-treated
G7. Also, there were very mild clinical signs and PM lesions in all
groups challenged by serotype O115.

3.3.2. Re-isolation of APEC serotype O115 after experimental infection
Tracheal and cloacal swabs yielded positive results for re-

isolation up to 14 dpc in chicken G7, G8 and G9 with a higher per-
centage (60%) in G7 (previously described in Table 2).

3.3.3. Histopathology
The histopathological lesions of birds in G7, G8 and G9 were

less severe than birds infected with serotype O27 and O8. The tra-
cheas of birds challenged with O115 (G7) showed deciliated
epithelial lining with marked leukocytic infiltration within the
lamina propria, while, the lungs had exudation and leukocytic infil-
tration within the interstitial tissue. Livers from chicken G7
showed moderate hepatic congestion, heterophilic infiltration
and on examination of the intestine, revealed a mild degree of
enteritis.

Regarding G8 and G9, the tracheas showed normal ciliated
epithelial lining. Lung and intestinal tissues were normal, while
liver samples showed mild focal leukocytic infiltration and moder-
ate degree of diffuse periportal heterophilic infiltration in birds of
G8 (Fig. 3.a) and G9 (Fig. 3.b), respectively.
4. Discussion

The massive distribution of E. coli in different poultry flocks is
always related to many factors such as poor biosecurity levels,
bad management (inadequate ventilation, high stocking density,
poor litter conditions, poor hygiene, high ammonia levels), higher
incidence of respiratory viral diseases and immunosuppressed
birds. Also, the continuous evolution of antimicrobial resistant
E. coli strains due to massive use of antibiotics without routine sen-
4

sitivity testing and, the weak biosecurity programs, especially in
broiler farms (Blanco et al., 1998; Ibrahim et al., 2019).

Antimicrobial resistant ExPEC strains resemble a serious prob-
lem for both poultry and public health, since these strains could
be passed to humans via the food chain or by direct contact with
infected birds. In addition, resistant E. coli may act as transporters
for antimicrobial resistant genes to other pathogens (Petersen
et al., 2006). Also, vertically transmission of E. coli strains (espe-
cially antibiotic resistant) were recorded (Giovanardi et al., 2005;
Petersen et al., 2006). For these reasons, prevention of ExPEC
through vaccination should be given high priority (Deb and
Harrey, 1976). However, design of an effective vaccine is trou-
bleshooting due to several reasons. No characteristic traits define
the APEC phenotype or in other words a combination of virulence
factors like level of expression and phylogenetic group determine
its ability to cause disease (Rodriguez-Siek et al., 2005; Johnson
et al., 2008). Another major limitation associated with potential
vaccine candidates is the lack of cross-protection between E. coli
serotypes displaying major diversity (Ewers et al., 2007). Further-
more, control of first week mortality in broilers and layers is more
dependent on maternal immunity (Kariyawasam et al., 2004).

Herein, this study aimed to evaluate the spectrum of efficacy of
a live vaccine (Poulvac E. coli) against 3 different pathogenic E. coli
serotypes in broiler chickens in comparison to cefotaxime treat-
ment as vaccination may be a valuable tool for controlling APEC
infection rather than antibiotic usage avoiding antibiotic resistance
as well as the drawbacks of antibiotic specially residues in poultry
meat. Results obtained indicated that the significant high Bwt
(p � 0.05) and the significant better FCR (p � 0.05) was recorded
in both the vaccinated, non-treated chicken G2, which was chal-
lenged with E. coli serotype O27, and the vaccinated, non-
infected, non-treated chicken G10 with a higher Bwt gain of
15.1% and 13.1%, respectively compared to control negative G11.
Chicken G5 that was vaccinated, non-treated and challenged with
E. coli serotype O8 had significantly higher Bwt (p � 0.05) and bet-
ter FCR than both G4 and G6 infected with the same serotype with
higher Bwt gain of 3.1% in G5 and 12.9%, 18.8% Bwt gain loss in G4
and G6, respectively compared to control negative G11.

Vaccination in G2 and G5 were significantly minimize the clin-
ical signs and PM lesions for 14 dpc. But, there were no significant
differences in clinical signs, PM lesions and FCR between all
chicken groups challenged with O115; however, chicken G8 had
slightly higher Bwt than G7 and G9 and chicken G9 had slightly
better FCR (non-significantly) than G7 and G8. These results



Fig. 1. a) Intestine of a bird in G1 showing marked degeneration of intestinal villi structures (arrow), H&E, X200. b) Trachea of a bird in G2 vaccinated challenged with E. coli
serotype O27 showing normal lining mucosa, H&E, X200. c) Normal intestinal tissue of a bird in G2, H&E, X200. d) Trachea of a bird in G3 non-vaccinated infected with E. coli
serotype O27 and treated with cefotaxime showing tracheitis (arrowhead indicates marked leukocytic infiltration), H&E, X200.

Table 4
Average Bwt., FI, FCR and mortality rates in chicken G4, G5 and G6 challenged with E. coli serotype O8 compared to chicken G10 and G11 at 35 days old (14 dpc).

Treatment N Bwt. (g) FCR FI Mortality % Bwt%**

G4 15 1418.50 ± 68.16b 1.90 ± 0.10a 2652.00 3/20 (15%) 87.13%
G5 15 1692.00 ± 53.37a 1.53 ± 0.05b 2568.00 2/20 (10%) 103.13%
G6 15 1322.00 ± 116.67b 1.82 ± 0.26ab 2163.70 0/20 (0%) 81.20%
G10 15 1841.50 ± 49.72a 1.50 ± 0.04b 2743.00 0/20 (0%) 113.11%
G11 15 1628.00 ± 44.37a 1.84 ± 0.05ab 2977.50 0/20 (0%) 100%

Note: * Means within the same column carry different superscripts are significantly differed at level p � 0.05.
Note: **: Percentage of Bwt loss or gain compared to control negative chickens of G11.
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indicate that the E. coli vaccine increased the Bwt and improved
FCR for the chicken groups challenged with E. coli serotypes O8
and O27 much more than when treated with cefotaxime. This
higher protection especially against the challenge with E. coli sero-
type O27 may be attributed to the similarity of serogroup antigens
between the aroA mutant O78 strain in Poulvac� E. coli and the
E. coli O27 isolate as they are serogrouped in polyvalent 4, while
O8 and O115 are serogrouped in polyvalent 6.

La Ragione, et al. (2013) examined an aroA construct live atten-
uated E. coli (RML17 vaccine) and it was shown to be efficacious as
a vaccine against colibacillosis in chickens and turkeys caused by a
homologues APEC O78 and also against an un-typeable APEC strain
in chickens which indicated a promising tool for wider cross-
protection than other vaccines. Also similar results have been
obtained by Cookson et al. (2009) where three vaccination strate-
5

gies (at day 1, at day 18 and at days 1 & 18) with Poulvac� E. coli
gave significant protection against the three serotypes tested, O1,
O2 and O18, nevertheless there were at least subtle differences
between them.

The vaccine in the present study completely prevented the mor-
tality against E. coli serotype O27 (G2) and stopped the E. coli shed-
ding in tracheal and cloacal swabs at 14 dpi. The mortality rate in
chicken G5 (vaccinated, challenged with O8 and non-treated), was
10%, which means a 5% less than control positive G4 (challenged
with O8, non-vaccinated and non-treated), while the mortality rate
in G8 was 10% slightly higher than that of G7 nevertheless the vac-
cine decreased the E. coli shedding in G5 and G8 to 20% at 14 dpc.
compared to 60% in non-vaccinated challenged non treated groups
(G4& G7). Cefotaxime treatment decreased E. coli shedding in G3,
G6 and G9 to 20% at 14 dpi. Frommer, et al. (1994) recorded similar



Fig. 2. (a) Lung of a bird in G4 non vaccinated infected with E. coli serotype O8 and non-treated showing marked exudation within the interstitial tissue associated with
leukocytic infiltration (arrow) within the parabronchus wall (arrowhead), H&E, X200. (b) Lung of a bird in G5 vaccinated challenged with E. coli serotype O8 and non-treated
showing normal patent air capillaries (arrowhead), H&E, X200.

Table 5
Average Bwt., FI, FCR and mortality rates in chicken G7, G8 and G9 challenged with E. coli serotype O115 compared to chicken G10 and G11 at 35 days old (14 dpc).

Treatment N Bwt. (g) FCR FI Mortality % Bwt%**

G7 15 1405.00 ± 87.19b 1.65 ± 0.15a 2213.00 1/20 (5%) 86.3%
G8 15 1645.00 ± 106.95a 1.67 ± 0.19a 2568.00 2/20 (10%) 101%
G9 15 1631.00 ± 64.06a 1.62 ± 0.06a 2611.00 0/20 (0%) 100.18%
G10 15 1841.50 ± 49.72a 1.50 ± 0.04a 2743.00 0/20 (0%) 113.11%
G11 15 1628.00 ± 44.37a 1.84 ± 0.05a 2977.50 0/20 (0%) 100%

Note: * Means within the same column carry different superscripts are significantly differed at level p � 0.05.
Note: **: Percentage of Bwt loss or gain compared to control negative chickens of G11.

Fig. 3. a) Liver of a bird in G8 showing mild focal leukocytic infiltration (arrowhead), H&E, X 200. b) Liver of a bird in G9 infected bird with E. coli serotype O115 and treated
with cefotaxime showing periportal heterophils infiltration, H&E, X200.
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results where they recorded 15, 55 and 60% mortalities in
chickens experimentally challenged with E. coli serotypes O1, O8,
and O78 respectively; however, these mortality percentages
decreased down to 3–10% with the use of a BT-7 (piliated) vaccine
strain.

Fibrinous pericarditis, perihepatitis, and airsacculitis were more
severe in G1 and G4 than G7 and confirmed histopathologically
with the presence of moderate to severe tracheitis, pulmonary
lesions with severe interstitial exudation and heterophilic infiltra-
tion with noticeable parabronchial wall inflammation, focal necro-
tic hepatitis and a mild to moderate degree of enteritis in G1 and
G4. While the examined chickens in G7 showed minimal degree
of tracheal, pulmonary, hepatic, and enteric lesions. This may be
a reflection for the systemic infection and septicemia associated
6

with both O27 and O8 serotypes rather than O115 which is also
an ExPEC but more associated with localized infections as synovitis
and cellulitis. Dho-Moulin and Fairbrother (1999) and Zahid, et al.
(2016) recorded the same changes in experimentally and naturally
infected broiler chickens with different E. coli serotypes including
O115.

Birds vaccinated with Poulvac� E. coli and challenged [specially
with either E. coli serotype O27 (G2) or serotype O8 (G5)] showed
marked amelioration of the respiratory lesions with normal cili-
ated tracheal epithelial lining and normal air capillaries with mark-
edly decreased interstitial inflammatory reaction in lungs. Also,
both liver and intestine were mostly within the normal limits
while the Cefotaxime treated birds showed mainly noticeable res-
piratory and hepatic lesions especially in G3 and G6.
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In the birds vaccinated, challenged and non-treated with E. coli
serotype O115 (G8), the trachea and lungs were normal, but the
liver showed mild focal leukocytic infiltration and the intestine
showed mild epithelial hyperplasia. While the liver of birds in G9
showed moderate degree of diffuse periportal heterophillic infil-
tration. Antão et al. (2008) recorded the histopathological lesions
of experimentally infected chickens with APEC strain IMT5155
where lung showed heterophilic infiltration and exudation within
the air capillaries, thickening of septa due to the inflammatory
reaction. Also, early microscopic changes were seen in the liver tis-
sue as intravascular, perivascular as well as parenchymal lym-
phatic infiltrations. Inflammatory cell infiltration in the kidney
was also characteristic of systemic infection.

5. Conclusions

The E. coli vaccine (Poulvac� E. coli) gave a significant protection
against the challenge with the most common heterologous APEC
serotypes in Egypt, O27 and O8, compared to cefotaxime treatment
based on final Bwt, FCR, clinical signs, PM lesions, bacterial shed-
ding and histopathological lesions. This vaccine also provided some
protection against histopathological lesions associated with sero-
type O115 (the less prevalent) and numerically higher Bwt and
Bwt gain % rather than control non vaccinated group.
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