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Abstract

Escherichia coli infections cause significant financial losses for the worldwide chicken economy, so this re-
search is being conducted to evaluate the efficacy of the inactivated multivalent Escherichia coli vaccine. Six
groups were created from a total of 120 broiler chicks; the groups (1 and 3) were received E. coli inactivated
vaccine at day 7 and challenged with O78 and O128 respectively, groups 2 and 4 were referred to as the
control of challenge for the Escherichia coli strains O78 and O128. Groups 5 and 6 were maintained as the
non-vaccinated and non-challenged control negative group and vaccinated non challenged group respectively.
Challenged with E. coli strains of heterologous O128 and homologous O78 were given at 28 days old broilers
by injection into the muscle of the thigh with 0.2 ml contained 107 CFU/bird. Moreover, the performance mea-
surements of body weight per gram, feed intake and feed conversion ratio were measured; histopathological
findings, clinical symptoms, rate of mortality and total intestinal counts of Escherichia coli were also exam-
ined. The study revealed that the vaccination of COLI-VAC™ E. coli provided a significant defense against
the challenge between homologous O78 strain and heterologous O128 strain. Just used the aforementioned
parameters, Groups 1 and 3 that vaccinated at seven days old and challenged at 28 days old chicks with ho-
mologous and heterologous (078 and O128) serotypes of E. coli provided impressive protection against all
those non-vaccinated chicks (Groups 2 and 4) that were challenged with O78 and 0128 serotypes of E. coli.
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INTRODUCTION

Avian pathogenic Escherichia coli (APEC) caused poultry
colibacillosis often appears as just a secondary infection to the
primary homeostatic abnormalities that might arise because of
respiratory dysfunction, infected or non-infected immunosup-
pressive, or even other widespread infectious disorders (Dho-
Mulin and Fairbrother, 1999).

One of the most prevalent bacterial infections in chicken pro-
duction is colibacillosis. Although the infection on farms might
be localized, it is typically systemic and causes a high mortality
rate (Nolan et al., 2020; Mageiros et al., 2021).

Antimicrobials appear to be the fastest and most effective
treatment, but they act universally, affecting the entire microbio-
ta (Kairmi et al., 2022). Wide-spectrum antimicrobials are typically
used as part of the treatment, frequently without any suscepti-
bility testing first. Because of the excessive and ineffective appli-
cation, extremely resistant and virulent strains of Escherichia coli
are gradually identified, which results in an increase in resistance
levels (levy et al., 2020; Christensen et al., 2021). Which increas-
es the risk of resistance genes transmitting to people who eat
various poultry products (Johnson et al., 2008; Popy et al., 2011).

Strict hygiene measures might be used to regulate APEC, or if
infection develops, treatment will involve using the antibiotic of
choice after performing a sensitivity test. However, many E. coli

isolates that are multi-drug resistant in poultry have made bacte-
rial resistance a large problem in many broiler farms (Ogunleye et
al,, 2008). This makes a new method of avoiding E. coli infection
necessary. Nowadays, either inactivated vaccinations or live vac-
cines are effective at controlling this bacterial disease (La Ragi-
one et al., 2013; Sadeyen et al., 2015). The most intriguing meth-
od for colibacillosis control outside of antibiotics is colibacillosis
vaccination. E. coli infection in chicken has been evaluated using
live, subunit, and inactivated vaccinations (Ghunaim et al., 2014).
Since they contain multiple strains of E. coli, inactivated vaccines
that are administered via injection also have strict homologous
protection (Ghunaim et al,, 2014). When challenged with E. coli,
vaccines primarily induce cell-mediated immunity because, in
comparison to humoral immunity and antibodies, this type of
immunity is most crucial for the protection of birds (Sadeyen et
al., 2015). Experimental studies have already indicated that in-
activated E. coli vaccinations are effective. Inactivated vaccina-
tions with various adjuvants were examined for effectiveness in
a Canadian study, and the results showed that the challenged E.
coli recovered less from vaccinated than from uninfected chicks
(Gomis et al., 2007).

Yaguchi et al. (2009) found that when E. coli exposure of cer-
tain specific pathogen free chicks, clinical signs and counts of
bacteria in chicken blood were successfully reduced by the ad-
ministration of an inactivated liposomal E. coli vaccination. An-
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other study (Shehata et al.,, 2019) reported that after challenging
specified pathogen free chicks, it was determined whether the
formalin-inactivated E. coli vaccination, which contained seven
different APEC serotypes, was effective. The effectiveness was
evaluated using mortality, clinical symptoms, and seroconver-
sion. The vaccinated birds were seen to be completely resistant
when exposed to an O157:H7 challenge and when just partially
protected following an O125 challenge. On other hand, research-
ers suggested that autogenous vaccines are used to prevent E.
coli infections having insufficient protective effectiveness (Li et
al., 2016). According to the researchers, this could be due to the
use of a high infective dose or an insufficient amount of humoral
stimulation to give protection against an E. coli challenge.

Protection developed from inactivated vaccine of E. coli need
additional research because several aspects, such as the vaccine
strain serotype, the type of adjuvant utilized, the technique uti-
lized to inactivate E. coli, the administration and frequency route,
and the chicks’ age at the day of vaccination, which is crucial for
vaccine protection (Sadeyen et al, 2015). After 21 days of im-
munization should offer sufficient protection, because the peak
of E. coli infections at this age old (Dho-Mulin and Fairbrother,
1999). The changing of microbiota in broiler intestines may thus
indirectly impact the effects of the chicken E. coli vaccinations.
Immunization did consistently alter the microbiota of intestine,
which may be accounted for the enhanced health of the intestine
observed after vaccination in many fields. (Beirao et al.,, 2021).

The present study’s objective was to show benefit of applying
an inactivated vaccine against pathogenic Escherichia coli infec-
tion in broilers and to protect the broilers against colibacillosis
due to the variety serotypes of E. coli in farms. In addition to
its potential effects on the reduction of antibiotic use, it also ef-
fectively resolves the use of inactive vaccination as a different
approach to antimicrobial therapy.

MATERIALS AND METHODS

Bacterial isolation

Two strains of E. coli ATCC 25922 serotype O78 and E. coli
ATCC BAA-1704 seotype O128 E. coli serotypes were generous-
ly received from the Animal Health Research Institute (AHRI),
Agriculture Research Center (ARC), Dokki, Giza, Egypt and were
inoculated onto a medium of MacConkey agar, which was kept
at 37°C for 24 hours. Using oxidase urea, sulfide-indole-motili-
ty (SIM), triple sugar iron (TSI), and citrate usage to identify the
isolates, each strain was biochemically identified (Quinn et. al,,
2002).

Inactivated Vaccine

COLI-VAC™ inactivated multivalent vaccine for immunization
against E. coli 500MI (1000 Dose). Inactivated E. coli bacteria >
3x 107 CFU/ each of 0166, 0126, O157-H7, 018, 078, 0127 and
hemolytic un-typed strains.

COLI-VAC™ manufactured by Middle East for Vaccines (ME-
VAC™). Second Industrial Zone, Extension Part No. 21, 22, 24, 25.
El Salhya El Gdeda, El Sharkya Governorate, Egypt.

Experimental designs and Vaccination

One hundred twenty day old chicks were separated into six
groups, each group with 20 chicks, and housed in pens at the
Faculty of Veterinary Medicine, Assiut University, for seven days
prior to vaccination. Each group had two replicates, each with 10
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chicks. A commercially available balanced food without any anti-
bacterial or anticoccidial ingredients was fed to chicks.

At the 7* days of age chicks of groups 1, 3 and 6 were vac-
cinated by COLI-VAC™ inactivated multivalent vaccine 0.5 ml IM
dose in the thigh muscle and groups 2 and 4 were kept as non
— vaccinated while group 5 was kept as an unvaccinated nega-
tive control group. After 3 weeks post vaccination, groups 1 and
2 were challenged with strain O78, while groups 3 and 4 were
challenged with strain 0128, by injection into the thigh region
of 0.2 ml containing 107 CFU of each (APEC) serotype accord-
ing to Chaffer et al. (1997). Chicken group 6 was maintained as
control group for vaccinations. All the challenged groups were
maintained under supervision for a week. Clinical signs, mortality,
and PM lesions were noted.

The total number of birds that died after being exposed to E.
coli for seven days was recorded, and all birds that survived were
necropsied and checked for the presence of clear Colibacillosis
lesions.

Experimental parameters
Morbidity and mortality rates were calculated

Mortality rates were calculated at 7 days after the challenge,
along with clinical colibacillosis symptoms and morbidity (ruffled
feathers, nasal secretions, gasping and diarrhoea), as well as peri-
tonitis, clouded air sacs whether their caseous exudate, pericar-
ditis and perihepatitis were scored according to Charleston et al.
(1996).

Feed conversion rate (FCR)

Feed conversion rate was calculated for each group by taking
the total of weight per gram of food consumption per chickens
over total weight gain per gram (including the increase in weight
gain of birds that died throughout the time period) based to
Sainsbury (1984).

Lymphoid organs and average body weight

Liver, bursa and spleen weights of the broilers at each group
were calculated at 35 days old. Organs were measured and the
ratios of their weights were determined (Verma et al., 2004).

Total E. coli count CFU

From five chicks in each group were collected one gram of ce-
cum content and ten-fold multiple dilutions in phosphate-buff-
ered dilution were made and amounts of 0.1 ml each of the di-
lution were dispersed on newly created media of EMB agar. The
experiment was carried out at 37°C for 24 hours under aerobic
conditions. The findings were calculated in CFU/ml and examina-
tion of bacteria (Pineda et al., 2012).

Histopathological examination

Towards the conclusion of the experiment, 5 birds from each
group were sacrificed and samples were obtained from heart,
lung, liver, spleen, and bursa of Fabricius and taken immediately
for fixation in neutral buffered formalin. The fixed tissues were
dehydrated in an ascending series of ethyl alcohol, cleared in
methyl benzoate, and embedded in paraffin wax, sectioned at
4-5 pum thickness then stained with Haematoxylin and Eosin stain
for light microscopic analysis in accordance with Bancroft and
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Layton (2013).

This study was approved by ethical committee of the Faculty
of Veterinary Medicine, Assiut University, Assiut, Egypt, according
to the OIE standards for use of animals in research under the
number 06/2023/0083.

Statistical analysis

Analysis of differences between groups was done using Dun-
can’s multiple comparison Post Hoc tests and One Way ANOVA
(Duncan, 1955). Analysis of statistical was carried out using the
statistical software package SPSS for Windows (version 2016;
SPSS Inc., Chicago, IL, USA). Between mean values statistical sig-
nificance was proved at P< 0.05.

RESULTS

Clinical findings and lesions

Clinical findings for groups 2 and 4, showed clinical signs
3 days post challenge, which included decreased feed intake,
weakened, ruffled feathers, depression, and brownish diarrhea.
Other groups didn’t show any clinical signs. PM lesions for chicks
of groups 2 and 4 have lesions of pericarditis, fibrinopurulent air-
sacculitis and perihepatitis.

Mortality rate

Mortalities in groups 2 and 4; in Group 2, there were 4/20 and
2/20 dead chicks in the 2" and 4t day post challenge respective-
ly, while in Group 4 there were 5/20, 1/20 and 1/20 dead chicks in
the 31, 4t and 5" day post challenge respectively and the other
groups showed 0% mortality (Table 1).

Table 1. Results of the challenge test performed on groups of vaccinated and
unvaccinated chicks.

Dead birds’ number/

Groups total number Rate of protection
Group (1) Vacc. / chall. 078 0/20 100%
Group (2) O78 +ve control 20-Jun 70%
Group (3) Vacc. /chall. 0128 0/20 100%
Group (4) 0128 +ve control 20-Jul 65%
Group (5) Control -ve 0/20 100%
Group (6) Vaccinated 0/20 100%

Total E. coli count

There was a significant reduction of E. coli count between all
vaccinated broilers compared to groups of challenged non-vac-
cinated. While all vaccinated groups had significant variation in
total count of the E. coli compared with challenged control group
(Table 2).

Lymphoid organs and average body weight

Broilers in G1, G3, G5 and G6 seemed to have significant
increases in body weight (P< 0.05) compared with other groups.
However, G2 and G4 had significant decrease in body weight (P<
0.05) compared with other groups, Broilers in G2 had a significant
increase in liver weight, while G5 and G6 had significant decreas-
es in liver weight (P< 0.05) compared with other groups (Table 3).

Table 2. Mean count of Escherichia coli + SD separated from cecal (CFU/gram)
in broilers exposed to O78 homologous and O 128 heterologous E. coli sero-
types (7 days old after challenged).

Groups CFU / Gram
Mean SD
Group (1) Vacce. /chall. O78 4.57E+06° 6.24E+6
Group (2) 078 +ve control 1.04E+08* 1.37E+8
Group (3) Vacc./ chall. 0128 5.66E+06° 9.01E+6
Group (4) 0128 +ve control 1.00E+08? 1.33E+8
Group (5) Control -ve 1.85E+05° 3.01E+5
Group (6) Vaccinated 8.67E+05° 9.45E+5

*®Mean values followed with different superscripts within one column have statistical sig-
nificance (P<0.05).

Table 3. Body and relative organs weights at the end of experimental.

Group Body weight Liver Spleen Bursa

Group (1) 19644543 2.79+0.07®  0.11+0.00¢  0.182+0.01°
Group (2) 1806+110.8°  2.97+0.1° 0.19+0.00? 0.187+0.01%
Group (3) 19414£62.1®  2.76+0.05®  0.11+0.01«  0.180+0.01"
Group (4) 1907451.2°  2.62+0.06*  0.13+0.01>  0.184+0.01°
Group (5) 2003+£39.1®  2.45+0.08° 0.09+0.00¢ 0.180+0.01*
Group (6) 2171£102.4*  2.46+0.09¢ 0.15+0.01° 0.195+0.00?

**Mean values followed with different superscripts within one column have statistical sig-
nificance (P<0.05).

Body weight gain, feed conversion rate and feed intake

Concerning final weight of body gain and feed conver-
sion rate at the end of the 3™ week in gram after vaccination
(Tweek after challenge) results indicated that control vaccinat-
ed (G6) showed the highest average body weight gain in gram
(2139+44) and best FCR followed by control non-vaccinated
(G5) which was (1964+7), then G1 which was (1925+25), then G3
which was (1901+9), while G2 and G4 were the lowest which were
(1769.5+19.5) and (18694 15) respectively (Table 4).

Table 4. Performance of BWG, FI and FCR in all chicken groups.

Group BWG FI FCR

Group (1) 1925425 2951426.9* 1.5403+0.0004°
Group (2) 1769.5+19.5¢ 278983 .4° 1.6017+0.0023
Group (3) 190190 2926+48.1° 1.5595+0.0134%
Group (4) 186915 2917+39.6° 1.5624+0.0472%
Group (5) 196470 2984+33.9° 1.52020.0140°
Group (6) 2139444 3004+19.8° 1.4097:£0.0207°

*dMean values followed with different superscripts within one column have statistical sig-
nificance (P< 0.05); BWG= body weight gain; FI= feed intake; FCR= feed conversion rate.

Histopathological findings

The severity of histopathological lesions of the lung, liver,
spleen, heart, and bursa are illustrated in Table 5. While the histo-
pathological images of these organs in all groups are indicated in
Figures 1-5. As indicated in Figure 1A, liver tissue of healthy chicks
(control negative, G6) revealed that healthy hepatic architecture
and cellular parenchyma. Also, liver of (non-challenged and vac-
cinated G5) showed normal hepatocytes with minimal leukocytes
infiltration within sinusoids (Figure 1B). In contrast, the liver of E.
coli O78 challenged bird (G2) revealed massive aggregation of
mononuclear and heterophiles inflammatory cells, focal necrosis,
congested blood vessels and dilated sinusoids (Figure 1C). While
liver of challenged O78 and vaccinated G1 restored their normal
hepatic architecture with mild perivascular leukocytes infiltration
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and kupffer cells in dilated sinusoids (Figure 1D). In case of liv-
er of E. coli 0129 challenged G4, chickens revealed prominent
peri-portal inflammatory cells (lymphocytes and heterophiles)
infiltration, focal coagulative necrosis, dilated blood sinusoids
and hemorrhage (Figure 1E). An improvement was observed in
challenged 0129 and vaccinated G3 showed mild focal periportal
leukocytes aggregation and between hepatic parenchyma and
vascular congestion (Figure 1F).

Non vaccinated vaccinated
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Fig. 1. Liver photomicrographs of chicken stained with hematoxylin and eosin
stains. (A) G6 showing normal hepatic parenchymal cells and blood vessels.
(B) G5 showing minimal inflammatory cells infiltration within blood sinusoid
(arrow) (C) G2 showing severe mononuclear cells and heterophiles inflammato-
ry cells infiltration (asterisk) dilated blood sinusoids and hemorrhage (arrows).
(D) G1 showing mild periportal inflammatory cells infiltration (arrow) and mild
congestion. (E) G4 showing degeneration and necrosis of hepatocytes (asterisk),
edema and mononuclear cells and heterophiles inflammatory cells infiltration
in periportal area (thin arrow), dilated blood sinusoids and hemorrhage (thick
arrow). (F) G3 showing congestion (arrow) and inflammatory cells infiltration
(asterisk). Scale bars =200 pm & 100 pm.

As illustrated in Figures 2A-E, the lung of negative control
G6 recorded that squamous epithelium lined healthy hexagonal
parabronchial extending to healthy respiratory atria, divided by
blood capillaries and fibrous septa (Figure 2A). In addition, the
lung of G5 showed normal parabronchi and atria with minimal
edema of septa (Figure 2B). In contrast, the lung of G2 showed
heterophiles infiltration in parabronchial respiratory atria, con-
gestion, and diffuse edema of inter alveolar septa (Figure 2C).
However, the lung of G1 revealed normal parabronchi without
exudation and intact respiratory atria, prominent interalveo-
lar septa (Figure 2D). While the lung of G4 revealed swelling of
parabronchial lumen beside heterophiles infiltration in respira-
tory atria, distended septa, and congested capillaries (Figure 2E).
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Also, the lung of G3 showed improvement of respiratory atria
and parabronchi, edema in the septa between parabronchi with
distended capillaries blood (Figure 2F).
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Fig. 2. Lung photomicrograph of chicken stained with H&E (A) G6 showing
normal secondary bronchi and peribronchial air capillaries (arrow). (B) G5
showing mild edema within interstitial tissue (arrow). (C) G2 showing marked
congestion of peribronchial blood vessels (arrows) edema and inflammatory
cells infiltration within the parabronchus wall (arrowhead). (D) G1 showing
normal peribronchial air capillaries (arrowhead). (E) G4 showing congested
peribronchial blood vessel associated with marked interstitial tissue exudation
(arrow). (F) G3 showing congested blood vessel surrounded by edema (arrow).
Scale bars =200 um & 100 pm.

Regarding (Figures 3A-F), the heart of normal healthy chicks
(G6) revealed normal myocardial fiber striations (Figure 3A). Also,
heart of G5 showed normal cardiac muscle fiber striations (Figure
3B). On the other hand, the heart of G2 revealed severe necrotic
degeneration of myocardium, loss of striations and leukocytic in-
filtration figure (3C). A noticeable improvement was observed in
the heart of G3 which showed mild degeneration of myocardium
and edema (Figure 3D). While the heart of G4 showed myocar-
dial degeneration associated with inflammatory cell infiltration
and hemorrhage (Figure 3E). However, the heart of G3 showed
improvement of lesions associated with mild edema and conges-
tion (Figure 3F).

As illustrated in Figures 4A-E, the spleen of negative con-
trol (G6) exhibited normal splenic architectures of white and red
pulps with normal resting lymphoid follicles appearance (Figure
4A). Additionally, the spleen of G5 showed normal lymphoid fol-
licle of white pulp with mild congestion of red pulp sinusoid (Fig-
ure 4B). In contrast, the spleen of G2 revealed prominent deple-
tion of white pulp lymphoid follicles and most of the splenocytes
showed deeply hematoxylin stained nuclei especially those in
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the red pulp and vacuolar degenerative change of splenic blood
vessels (Figure 4C). Interestingly, the spleen of G1 restores nor-
mal lymphoid follicle appearance with mild lymphoid depletion
(Figure 4D). While the spleen of G4 showed noticeable depletion
in lymphocyte population of white pulp and hemorrhage in the
red pulp.

vaccinated

Non vaccinated

078 control -ve
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Fig. 3. Heart photomicrographs of chicken stained with H&E stain (A) G6 show-
ing normal myocardial fibers. (B) G5 showing normal cardiac muscle fiber. (C)
G2 showing lytic degeneration of muscle fiber and edema (asterisk). (D) Gl
showing edema between myocardium muscle fiber (arrow). (E) G4 showing
intermuscler hemorrhage (asterisk) and edema (arrow). (F) G3 showing mild
intermuscler edema (arrows) scale bars =200 pm &100 pm.

DISCUSSION

Pathogenic avian Escherichia coli is regarded as a major
poultry pathogen. The widespread use of antimicrobial drugs
for disease prevention and management are associated with an
unprecedented rise in antibiotic-resistant organisms (Shrestha et
al,, 2017; Davis et al,, 2018; Ibrahim et al,, 2019). Antimicrobial
medications can be used in this way to get eliminate of suscep-
tible strains of bacteria that have genetic characteristics which
make them resistant to them, which creates favorable conditions
for the chosen strain’s permanence and transmission in the farms
(Castanon, 2007). In addition to, antibiotics used in animals can
be harmful to humans in the form of resistance to antibiotics,
necessitating the creation of new disease control strategies, in-
cluding vaccination with an inactivated live vaccine (Anonymous,
2000).

In this study, the COLI-VAC™ inactivated multivalent vaccine
is effective in using the intramuscular method to reduce the le-
sion against both homologous and heterologous infection may
result in lower rates of morbidity and mortality as a result of a

substantially lower average of Escherichia coli count (CFU/gram)
when compared to unvaccinated groups. No mortality was ob-
served in any of the injected birds using inactivated vaccine,
which matched with Amer et al. (2015) who verified similar results
that there no mortalities in vaccinated broilers experimental chal-
lenged with E. coli heterologous and homologous strains.

Non vaccinated
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Fig. 4. Spleen photomicrograph of chicken stained with H&E stain (A) G6 show-
ing normal resting lymphoid follicle (arrow). (B) G5 showing mild congested
blood sinusoid (arrow). (C) G2 showing depletion of splenic lymphoid follicle
(arrowhead) vacuolar degeneration in the wall of splenic blood vessel (arrow).
(D) G1 showing small normal lymphoid follicle (arrowhead). (E) G4 showing
depletion of lymphoid follicle (arrow) and congested blood sinusoids. (F) G3
showing mild depletion of splenic lymphoid follicle (arrow) and congested
blood sinusoids. Scale bars =200 um &100 pm.

So, the percentage of protection in chicks after being chal-
lenged with O78 and 0128 strains of E. coli were showed in Table
1. The rate of protection in G2 was 70% while in G4 was 65%
where it was less than those noted in control and vaccinated
groups were 100% and these findings were consistent with El Ja-
kee et al. (2016).

Data analysis reveals a significant difference in the experi-
mentally vaccinated broilers have 7 days old, which challenged
with O78 homologous serotype (G1) while getting greater body
weight, best FCR and least gross lesions than that of other
challenged groups. The greater protection specifically against
challenged with O78 serotype of E. coli could be explained by
similarities in antigen of serotypes between the strains of 078
in COLI-VAC™. The same findings were achieved by Gina et al.
(2016) who reported that inactivated polyvalent vaccine of E. coli
was valuable and effective as a vaccine for broiler colibacillosis
caused by both heterologous and homologues strains.

About the final body weight gain in grams that appeared in
Table 4, results revealed that vaccinated G6 showed the highest
average body weight gain followed by control non-vaccinated
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(G5), followed by G1 and G3, while G2 and G4 were had the low-
est gain, this finding was explained by Amer et al. (2015) who
stated that inactivated vaccine has an exceptional benefit as it
substantially enhanced the body weight of the vaccinated chick-
ens.

vaccinated

Non vaccinated

control -ve

0128

Fig. 5. Bursa of Fabricius photomicrograph of chicken stained with H&E (A)
G6 showing normal epithelial lining cells and developed bursal follicles. (B)
G5 showing minimal depletion of bursal follicles. (C) G2 showing hyperplasia
of bursal epithelium associated with cysts formation (arrows). (D) G1 showing
reduction in hyperplasia of bursal epithelium and few cysts formation (arrows).
(E) G4 showing mild depletion bursal follicle and thickening of connective tis-
sue stroma (arrows). (F) G3 showing mild hyperplasia of bursal epithelium and
depletion bursal follicle (arrow). Scale bars =200 pm &100 pm.

Feed conversion rate results which showed in Table 4 was
better in G1 which received polyvalent inactivated vaccine and
challenged with O78 strain followed by group vaccinated and
challenged with O128 strain than groups non vaccinated and
challenged with O78 and 0128 strains this were parallel with re-
sults found by Melamed et al. (1991) who stated that preferable
to use multiple circulating strains of the polyvalent inactivated
vaccination to maximize protection against homologous and
heterologous strain challenges., The results matched what Gina
et al. (2016) had previously found.

Additionally, broilers vaccinated with COLI-VAC™ inactivated
multivalent vaccine non-challenged G6 has been demonstrated
high weight gain, protection, and best result of FCR than control
group (G5) which is capable of improving weight gain and FCR in
cases of non-infection. The obtained findings agreed with Amer
et al. (2015) who reported that as compared to monovalent vac-
cination, groups receiving polyvalent inactivated vaccination had
higher feed conversion rates and Gina et al. (2016) who stated
that the use of inactivated E. coli vaccination resulted in a signifi-
cant immune reaction and protection that can induce a long-last-
ing immunity.
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Vaccinated and challenged chickens’ lesions rates were re-
ported in Table 5, post-challenge lesion scores, that were dis-
covered that least postmortem effects were given in groups ob-
taining and challenged with inactivated polyvalent vaccine of E.
coli (G1 and G3), while the highest lesion score were recorded in
groups challenged with 078 and 0128 E. coli strain (G2 and G4).
Both control vaccinated groups of chicken and non-vaccinated
non-challenged control group were found to be free of lesion
score or PM lesions and these findings were comparable to Gina
et al. (2016).

Table 5. Severity of the histopathological lesions in selected organs of all groups.

Groups Organs Liver Lung Heart Spleen Eltl)rrisizi
Gl (vacc + O78) + + + + +

G2 (078) +++ +++ +++ ++ -+
G3 (vacc + 0128) + + + + +

G4 (0128) ++ ++ ++ ++ 1+

G5 (vaccinated) - - - - -
G6 (control —ve) - - - - -

Liver: -: normal hepatic parenchyma, blood vessels and sinusoids; +: mild hepatocytes de-
generation, inflammatory cells infiltration and congested B.V.; ++: moderate degree of he-
patocytes degeneration, periportal inflammatory cells infiltration and sinusoidal congetion;
+++: severe hepatocytes degeneration, necrosis and leukocytic aggregation (Coligranulo-
ma). Lung: -: normal bronchi and peribronchial air capillaries; +: mild congestion, perivas-
cular and interlobular edema; ++: marked serofibrinous exudates; heterophils infiltration
and thicken the interlabour septum; +++: severe congestion, thickening with serofibfinous
exudates, collapse of air capillaries and leukocytes infiltration. Heart: -: normal myocardial
fibers; +: mild myocytes degeneration and edema; ++: moderate degree of myocytes degen-
eration and leukocytic infiltration; +++: marked myocardial fibers degeneration, interstitial
edema and leukocytic infiltration. Spleen: -: normal splenic resting follicles; +: Mild lym-
phoid follicles depletion and congested blood vessels; ++: marked depletion of lymphoid
follicles and vacuoler degeneration in the wall of splenic BV. Bursa of Fabricius: -: normal
bursal follicle and epithelium lining; +: mild degree of depletion and thickening of stroma;
++: marked hyperplasia of lining epithelium and depletion; +++: marked increase epitheli-
um hyperplasia with small cysts formation and depletion of lymphoid follicle.

The histopathological examination of the liver, lung, spleen,
heart, and bursa of Fabricius confirmed the results obtained
previously. In this study, there was severe alterations in hepatic,
cardiac, bursa and pulmonary tissues of G2 challenged with O78
higher than G4 challenged with 0128, this could be attributed
to the potency of E. coli O78 pathogenicity reflecting the sep-
ticemia and infection system with strain O78 rather than O128.
Similar results were reported by Zahid et al. (2016) who revealed
that similar lesions in natural and experimental infected broilers
with various serotypes of E. coli. While the examined bird of G1
(O78 challenged and vaccinated) showed minimal pathological
lesions in different organs rather than birds of G3 (0128 chal-
lenged and vaccinated), this may be attributed to the fact that the
inactivated vaccine gives sufficient protection mediated by high
titre of circulating specific antibodies against homologous strains
more efficient than the defense against strains of heterologous
(Dho-Moulin and Fairbrother, 1999).

Findings in Table 4 indicated significantly increased body
gain, Fl and FCR (p < 0.05) comparable to control negative group
and vaccinated groups in 7 days old groups of challenged and
vaccinated, while was challenged with both homologous and
heterologous serotypes of E. coli O78 & 0O128. The bursa and
spleen, which are the primary immunological organs in broiler
chicks, play a role in both cell-mediated and humeral immunity.
The Bursa is a major lymphoid organ that effect essential function
in both generations of B and T lymphocytes and the enhance-
ment of the ontogenetic development of adaptive immunity. The
spleen plays a crucial function in the development of the immune
response as the peripheral lymphoid organ. Also, Fox and Gras-
man (1999) reported that the organ mass was inversely linked
with the lymphoid cell count in the bursa and thymus. There-
fore, Zheng et al. (2013) studied that the raised immune organ
index indicated improved immune system and ability to fight off
many stresses and diseases (Zheng et al, 2013). The vaccine of
Escherichia coli provided a considerable level of defense against
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several challenged serotypes of Escherichia coli, according to fi-
nal weight gain, clinical symptoms, postmortem signs, weight of
lymphoid organs, histological lesions, and total count of E. coli
(Elbestawy et al., 2021).

CONCLUSION

From the above results it could be concluded that the vac-
cination typically protects against infection of E. coli, among all
groups, the vaccinated broilers seemed to have lower rates of
pathologic results and morbidity than the non-vaccinated chick-
ens. COLI-VAC™ inactivated polyvalent vaccine has better protec-
tion when compared with unvaccinated groups, while the vaccine
working to improve weight gain and FCR in cases of non-infec-
tion. In order to prevent the mortality of the vaccine strain, nu-
merous factors, including the usage of antibiotic drugs and their
residues, are taken into consideration.
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