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 In this study the efficacy of protection of prepared inactivated E.coli vaccines were 

compared with commercially available live attenuated E. coli [Paulvac®] vaccine. Four 
hundred and fifty one day old broiler Cobb chickens were divided into 9 equal groups; 

50 in each, group [1] were kept as non vaccinated non challenged control negative 

group, groups [2-5] were received monovalent prepared inactivated vaccine from  
E.coliO158 strain , O78 strain ,O114 strain , O125 strain ;respectively. While chicken  

group [6] was received inactivated prepared polyvalent vaccine contains 

O125,O44,O114,O158,O78 strains, group [7] received both used polyvalent inactivated 
vaccine together with live attenuated E.coli vaccine, group [8] received live attenuated 

E.coli vaccine only, finally group[9] received both inactivated prepared O78 E.coli 
vaccine together with live attenuated E.coli vaccine. Challenge with homologous strains 

each groups, followed by 10 days observation period, Performance parameters 

including body weight/gm, feed intake and feed conversion rate [FCR] were calculated 
together with lesion score , clinical signs, mortality rate and histopathological findings 

were studied. Concerning results of final body weight in grams per each group by the 

end of the experiment result revealed that group [7] showed highest average body 

weight in gram [1456.3 ± 87.5]followed by group [9] which was [1425.0±154.1], then 

group [6] which was [1428.0±155.0], then group [8] which was [1410.0±76.2]  then 

control no vaccinated group which was [1370±108.1] followed by group [5] which was 
[1344     ±  125.5] then group [2] which was [1305 ± 59.6] then group [3] which was 

[1288.7  ±  69.6] while group [4] was the lowest [1265.9    ±  76.6]. FCR results 

revealed that group received live E.coli vaccine together with polyvalent inactivated 
E.coli vaccine [group 7] showed best feed conversion rate [1.453] followed by both 

groups received live poulvac vaccine [group 8] and those received live poulvac vaccine 

together with inactivated O78 E.coli vaccine [group 9] which both showed same results 
[1.463]  followed by group received polyvalent inactivated vaccine [group 6] as it was 

[1.47] followed by group received inactivated O78 E.coli vaccine [group 3] showed  

[1.485] then control negative group [group 1] which showed [1.497] feed conversion 
rate.   Groups 2,4, and 5 [inactivated O158 strain, inactivated O114 strain, inactivated 

O125 strain; respectively] showing same results [FCR  = 1.493]. No lesion score or PM 

lesions were detected in both vaccinated broiler chickens groups and control vaccinated 
non challenged group before challenge, while after challenge lowest lesion score were 

found in group received live commercial E. coliv accine together with polyvalent 

inactivated E.coli vaccine [group 7] during whole observation period followed by group 
8 , group 9 ,group 6 then group 3. Highest lesion score were recorded in group 2 

followed by group 4 then group 5. Histopathological findings revealed that, there were 

no characteristic changes observed in organs [trachea, lung, intestine and liver] of 
control negative non vaccinated non challenged groups. All vaccines did not cause any 

pathological changes post vaccination. After challenge groups received inactivated 

monovalent or polyvalent E.coli vaccine showed more sever histopathological changes 
than those received live Poulvac E.coli vaccine alone or combined with polyvalent or 

O78 strain. It could be concluded that live attenuated commercial available E.coli 

[Paulvac®] vaccine has better protection when compared with inactivated E.coli 
vaccine in many aspects taken in consideration special precaution during its application 

including antibiotic medications used and its residues to avoid vaccinal strain death. 
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INTRODUCTION 

 

 Avian Pathogenic Escherichia Coli [APEC] infection  is the causative agent of many disease conditions in 

poultry as fatal septicemia and respiratory tract infection [1]and [2], pericarditis, perihepatitis,  air saculitis and 

peritonitis [3]and [4] and sulpingitis [5]. These bacteria isolated as a complicating agent in complicated chronic 

respiratory disease [CCRD] [6]. Moreover, recent analysis of APEC genome sequences revealed that it may 

possess zoonotic potential due to their similarity to E.coli that causes human extra-intestinal infections such as 

ascending urinary tract infections, sepsis and neonatal meningitis [7] and [8]  Control of APEC  could be applied 

by application of strict hygienic measures otherwise if infection occurs treatment using sensitivity test to use 

antibiotic of choice as many antibiotics could be used in poultry field unfortunately bacterial resistance become 

a major problem in many poultry farms for different E. Coli  isolates [9] as multi- drug resistant E. Coli strains 

in poultry , including those encoding extended spectrum beta lactamases [ESBLs], cephalosporin-resistance and 

plasmid- mediated quinolone resistance [PMQR] [10] and [11]  . This create a need for new way for preventing 

E.Coli infection , nowadays vaccination against E. Coli  become a great tool for controlling this bacterial 

disease, either inactivated vaccine or live vaccines [12] and [13] inactivated E.coli vaccine in a dose of 0.5 ml 

per layer chickens through subcutaneous routs elicits a high antibody titer that may provide protection against E. 

coli[14].More over using of inactivated E.coli vaccine in turkey in two vaccination doses found to be protective 

to a high degree against challenge with the same pathogenic E. coli strain [15] .  

 It was found that live attenuated vaccine AaroA mutant strain was safe and did not cause mortality ,lesions 

or weight loss when used at days 1 and 14 of broiler chicken life [16] , moreover [17] noticed that a virulent 

field APEC O78 strain by mutation of the aroA gene was highly similar to the parent wild – type strain in 

respect of colony morphology, motility, growth in suspension, hemagglutination, Congo Red binding, the 

mutant proved a virulent when inoculated into 1-day-old chicks by spray application and when presented again 

in the drinking water at 7 days of age protect against a challenge at 6 weeks of age by virulent APEC strains.  

From the above mentioned data our trial was designated to Evaluation of prepared inactivated polyvalent E. Coli 

vaccine as compared with commercial available live attenuated E. Coli [Paulvac®] vaccine on broilers 

performance under semi field condition. 

 

MATERIAL AND METHODS 

 

Experimental birds: 

 Fourhanded and fifty one day old, Hubbard chicks were obtained El Alanany Co. The chicks were housed 

in three pens for 7 days at first before vaccination on concrete floor and straw bedding. Chicks were fed on a 

commercial balanced ration. 

 

E.coli Vaccines: 

Preparation of formalized inactivated polyvalent E.coli vaccine: 

 According to [18] the pure culture of each strain was  adjusted at a concentration of 3.8×109colony forming 

unit [CFU]/0.5 ml. using the Mcfarland tube. The 5serovars of E.coli [O44,O144,O125,O158,O78] isolated and 

identified by [19] suspensions were inactivated by 0.05% formalin 37%  After completion of inactivation, 

inactivated monovalent  E.coli suspensions preserved separately with 0.01%thiomersal to prepare the 

inactivated monovalent E.coli vaccine    as well as the five inactivated monovalent E.coli. Suspensions were 

mixed together in equal volumes to prepare the inactivated polyvalent E.coli vaccine. 

 The assurance that the used E.coli serotypes were completely inactivated, MacConkey , EMB, blood agar 

media and brain heart broth tubes were cultivated with the prepared bacterin. After 24-48 hrs.post cultivation, no 

visible growth was reported. Alum hydroxid gel adjuvant was mixed with the formalized inactivated E.coli 

vaccine in equal amounts. The prepared vaccines in the present study were tested for purity, sterility and 

completion of inactivation according to the Standard International Protocol as described by the [20] and [21]. 

 

Bacterial isolation: 

 Liver, intestine, lung and trachea of 10 sacrificed chicks[at the 6th day of age]as well as died birds during 

this work were cultured on MacConkey and EMB agar media which showed no visible growth that indicated the 

absence of E.coliin these organs. 

 

Feed conversion rate [FCR]: 

 It was calculated by total weight/g of food consumption / birds of specific group during a given period over 

total weight gain /g of the same groupbirds during a given period [including weight gain of birds which died 

during the given period] according to [22]. 
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Histopathological Studies:  

 Tissue specimens from liver, small intestine, trachea and lungof experimentally vaccinated, challenged and 

control negative chicks were fixed in 10% neutral formalin solution and the specimens were routinely processed 

in paraffin embedding method ,sectioned and stained with Haematoxylin and Eosin [H&E] for light microscopic 

examination according to [23]. 

 

Experimental Design: 

 At the 7th days of age birds vaccinated with E. coli vaccines as group [1] were kept as non - vaccinated 

control negative group, group [2] received inactivated O158 strain prepared E.coli vaccine, group [3] received 

inactivated prepared O78 strain vaccine, group [4] received inactivated prepared O114 strain vaccine, group [5]  

received inactivated prepared O125 strain vaccine, group [6]received inactivated prepared polyvalent strains 

vaccine, group [7] received both used polyvalent inactivated vaccine together with live attenuated E.coli 

vaccine, group [8] received live attenuated E.coli vaccine only, finally group [9] received both inactivated 

prepared O78 E.coli vaccine together with commercially available live attenuated E.coli vaccine. 

 At 15th days post vaccination groups 2,3,4and 5were challenged with strain O158,O78,O114 and O125, 

respectively. WhileGroup6, 7, 8 and 9were challenged each with a dose contains equal mixture of strains O158, 

O78, O114, O125 and O44.Chicken gr [1] was kept as negative control group. Challenged groups were kept for 

10 days observation period. Samples from liver, small intestine, trachea and lung for histopathology were 

collected from 2 chickens/group at the 3rd, 5th, 7thand 10th days post challenge [dpc]. 

 Lesion scores and PM lesions including air saculitis, pericarditis, perihepatitis, pneumonia, enteritis and 

septicemia were detected. 

 

RESULTS AND DISCUSSION 

 

 Avian pathogenic E.coli [APEC] considered one of the most important poultry disease which cause severe 

economic losses due directly to increased mortalities and indirectly because of reduced weight gain, increased 

feed conversion rate and carcass condemnation [24] moreover multidrug resistance developed rapidly against 

E.coli [9] which lead to severe economic losses in the form of increase treatment coast together with disease 

coarse and mortalities [25]. 

 Moreover antibiotic used in animal has hazard effect in human in form antibiotic resistance [26] this give 

insisting needs for new way for control of this disease with vaccination as new approach, vaccination using 

either inactivated or new live vaccine [ Poulvac E.coli ®]. 

 All vaccinated birds with killed vaccine or live attenuated vaccine showed no mortality indicating safety of 

prepared inactivated vaccine together with safety of commercial live attenuated vaccine used this was matched 

with [16] who reported that aro A mutant live vaccine was safe and did not cause mortality. 

 Concerning poultry performance [body weight, feed conversion rate, feed intake] are shown in table [1]. 

 Concerning final body weight in gram by the end of 3rd weeks post vaccination [one week post challenge] 

result revealed that group [7] showed highest average body weight in gram [1456.3 ± 87.5]followed by group 

[9] which was [1425.0±154.1], then group [6] which was [1428.0±155.0], then group [8] which was 

[1410.0±76.2] then control non-vaccinated group which was [1370±108.1] followed by group [5] which was 

[1344     ±  125.5] then group [2] which was [1305 ± 59.6] then group [3] which was [1288.7  ±  69.6]while 

group [4] was the lowest [1265.9    ±  76.6]. also on other means final body weight in gram was lowered in 

groups received live vaccine [1410±76.2] when compared with polyvalent inactivated vaccine [1428.0±155.0] 

this finding was explained by [27]  who reported that live vaccine has  a unique drawback as it significantly 

reduced the weight gain of the immunized broilers chickens, also [28] stated that Poulvac live E.coli [aroA-

deficient mutant strain] vaccination stimulate high state of immunocompetence, this state of immune alertness 

however, maybe associated with reduced weight gain . 

 FCR results revealed that group received live E.coli vaccine together with polyvalent inactivated E.coli 

vaccine showed best feed conversion rate [1.453] followed by both groups received live Poulvac vaccine [group 

8] and those received live poulvac vaccine together with inactivated O78 E.coli vaccine [group 9] which both 

showed same results [1.463]  followed by group received polyvalent inactivated vaccine [1.47] followed by 

group received inactivated O78 E.coli vaccine showed  [1.485] then control negative group which showed 

[1.497] feed conversion rate.   Groups 2,4, and 5 [inactivated O158 strain, inactivated O114 strain, inactivated 

O125 strain; respectively] showing same results [FCR  = 1.493]. 

 Result of  feed conversion rate was better in groups received polyvalent inactivated vaccine than 

monovalent one moreover  after challenge all groups received monovalent vaccine showed affected body weight 

gain when compared with those received polyvalent inactivated vaccine alone or with live vaccine this may be 

due to brooding protection against many E.coli strains circulating in field  this was parallel with result found 

by[29]who stated that monovalent inactivated vaccine protect against homologus strain challenge only but not 
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heterologous strains challenge and so increase protection with more than one  circulating strain is better than 

using only one strain, similar results were found by [30]. 

 Concerning lesion score in vaccinated challenged birds were showed in table [2],No lesion score or PM 

lesions were detected in both vaccinated broiler chickens groups and control vaccinated non challenged group 

before challenge, Concerning lesion score post challenge, it was found that lowest post mortum changes in 

groups receiving live commercial E.coli vaccine together with polyvalent inactivated E.coli vaccine [group 7] 

during whole observation period followed by group 8 [received live E.coli vaccine alone] then group 9 [received 

live attenuated commercial E.coli vaccine together with inactivated O78 E.coli strain] followed by group 

received inactivated polyvalent E.coli vaccine [group 6] followed by group received inactivated O78 strain 

vaccine [group 3]. Highest lesion score were recorded in group received inactivated O158 strain [group 2] 

followed by group received inactivated O114 strain [group 4] then group received inactivated O115 [group 5]. 

Lowest lesion score in [group 7]  maybe due to use of live attenuated poulvac E.coli vaccine as it inducing 

celluler immune response [antigen presenting cells] in 1st week post vaccination which act on mucosa tissues 

stimulating the production of immunoglobulin, moreover live Poulvac E.coli vaccine stimulate cell migration to 

the mucous membranes where macrophages act first and then lymphocytes take part to protect birds against 

pathogenic E. coli, as lymphocytes play a great role in production of secreted IgA [28] this may be the cause of 

less pathological lesions in group received this live vaccine alone or in combination with inactivated vaccine, 

also role of protection of polyvalent inactivated vaccine that used incombination together with live vaccine 

[group 7]  may due to presence of more than one strains in this vaccine that protect against different challenge 

strains that circulating in field when compared with monovalent inactivated vaccinal strains which not give 

protection against multi strains APEC challenge [30] on the other hand Protection derived from inactivated 

E.coli vaccine need further investigation as many factors play role in protection including vaccinal strain 

serotype, type of adjuvant used, method of inactivate APEC, the route and frequency of administration and the 

age of the bird at the time of vaccine administration as the latest one play an important role in vaccine protection 

[31]as vaccination should give suitable protection after 21 days of age because APEC infections start to peak at 

this age [32]. 

 Histopathological changes; there were no characteristic or constant microscopic changes observed in organs 

[trachea, lung, intestine and liver] of control negative non vaccinated non challenged group [group 1].  

 All vaccines did not cause any pathological changes post vaccination. After challenge groups received 

inactivated monovalent or polyvalent E.coli vaccine [groups 2,3,4,5 and 6] showed more sever histopathological 

changes than those received live Poulvac E.coli vaccine alone or combined with polyvalent or O78 strain 

[groups 7,8 and 9]. Histopathological changes in trachea of challenged groups received inactivated vaccine 

[either monovalent or polyvalent] alone showed congestion of the mucosa  with severe hyperactivity of the 

goblet cells and inflammatory cells infiltration  of the mucosa  at 5th days post challenge[photo 1], at 7 dpc 

severe hyperactivity of the goblet cells and inflammatory cells infiltration  of the mucosa were persist [photo 2], 

Lung at 7thdpc [days post challenge]showing congestion of the blood vessels in the submucosa with severe 

hyperactivity of the goblet cells in the mucosa of the secondary bronchi with inflammatory cells infiltration 

together with presence of mucous mixed with free RBCs in the lumen in  on secondary bronchi [photo 3] 

concerning Intestines of chicken at 7thdpc showing sever inflammatory cells infiltration of the mucosa [photo 4]. 

 Groups received live Poulvac vaccine alone or combined with inactivated monovalent or bivalent vaccine 

[groups 7, 8 and 9] showed less sever histopathological changes as Trachea at 7thdpc showing light congestion 

of the blood vessels and light hyperactivity of the goblet cells [photo 5], lung at 7thdpc showing congestion of 

the pulmonary blood vessels [photo 6], finally    Intestines of chicken at 7th dpc showing light inflammatory cells 

infiltration of the mucosa [photo 7]. 

 The recorded histopathological finding in vaccinated birds post challenge revealed that groups received live 

commercial vaccine alone or in combination with inactivated polyvalent or monovalent vaccines showed less 

pathological changes than those received inactivated vaccine alone. this may be due to different factors releated 

with the use of live commercial vaccine as it was found that in spite of safety of aroA mutant Poulvac vaccine as 

it did not cause mortalities and lesions in vaccinated birds, it is slightly virulent stimulate immune system[33] 

this chariteria help in inducing celluler immune response [antigen presenting cells] in 1st week post vaccination 

which act on mucosa tissues stimulating the production of immunoglobuline, moreover live Poulvac E.coli 

vaccine stimulate cell migration to the mucous membranes where macrophages act first and then lymphocytes 

take part to protect birds against pathogenic E. coli, as lymphocytes play a great role in production of secreted 

IgA [28], this maybe protect against challenge and decrease histopathological lesions severity compared to 

inactivated vaccines which did not has this criteria. 

 
Table 1: Broiler Performance of vaccinated challenged chickens groups. 

Gr. 
no 

Vaccine 

 

W P V* 
 

 

Body Weight/gm 
M       ±    SD 

Body gain 
/gms/wk 

Average 

feed 
Intake in 

gms/wk 

Weekly 
FCR** 

FCR*** 
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1 

 

Non 

vaccinated 
 

0 151.3  ±  10.2 106.3 130.75 1.23 

1.497 
1 352.7  ±     12.4 201.4 292.03 1.45 

2 898.0    ±    598 517.3 822.51 1.59 

3 1370         108.1 500 860 1.72 

2 
O158 

 

0 151.3   ±   10.2 106.3 130.75 1.23 

1.493 
1 388.0 ±   11.7 236.7 345.582 1.46 

2 845    ±  67.5 457 722.06 1.58 

3 1305   ±     59.6 460 782 1.7 

3 
 

O78 

0 151.3         10.2 106.3 130.75 1.23 

1.485 
1 383.6  ±   19.1 232.3 334.512 1.44 

2 833  ±  80.8 449.4 710.052 1.58 

3 1288.7  ±  69.6 455.7 770.133 1.69 

4 
O114 

 

0 151.3         10.2 106.3 130.75 1.23 

1.493 
1 376.4    ±    9.3 225.1 326.395 1.45 

2 822.7  ±    62.3 446.3 709.617 1.59 

3 1265.9    ±  76.6 443.2 753.44 1.70 

5 
O125 

 

0 151.3         10.2 106.3 130.75 1.23 

1.493 
1 392.8     ±    26.8 241.5 352.59 1.46 

2 864.5    ±  63.6 471.7 745.286 1.58 

3 1344     ±  125.5 479.5 815.15 1.70 

6 
Polyvalent 

 

0 151.3  ±    10.2 106.3 130.75 1.23 

1.47 
1 402.0   ±    26.9 250.7 361.01 1.44 

2 890.0    ±    59.6 488 766.16 1.57 

3 1428.0    ± 155.0 515 854.56 1.65 

7 
polyvalent 

vaccine+ Live 

poulvac 

0 151.3     ± 10.2 106.3 130.75 1.23 

1.453 
1 396.0  ±       26.8 244.7 342.58 1.4 

2 908.0      ±     31.8 512 778.24 1.52 

3 1456.3   ±  87.5 539.6 901.13 1.66 

8 
Live poulvac 

 

0 151.3    ±      10.2 106.3 130.75 1.23 

1.463 
1 404.4    ±     33.2 253.1 356.87 1.41 

2 911.0      ±      58.1 506.6 785.23 1.55 

3 1410.0   ±   76.2 502 833.32 1.66 

9 
O78 vaccine+ 
live poulvac 

0 151.3    ±    10.2 106.3 130.75 1.23 

1.463 
1 378.5   ±       3.0 227.2 322.63 1.42 

2 916.7   ±     16.7 538.2 823.45 1.53 

3 1425.0    ±    154.1 514 853.24 1.66 

wpv *: weeks post vaccination. FCR**: feed conversion rate. FCR 

***:feed conversion rate at the end of the 4th week of the age. Wk: week 

 
Table 2:Lesion score in vaccinated broiler chickens after challenge at the 23th day of age. 

Gr. 

No. 

 

Vaccine 
Challenge 

strain 
d 

P 

C* 

Average lesion score Lesions 

A
ir sac 

P
ericard

iu
m

 

P
erih

ep
atic 

cap
su

l 

sep
ticem

ia
 

p
n
eu

m
o
n
ia 

In
teritis 

1 Non vaccineated 
Non 

Challenged 
3-10 0 0 0 0 0 0 

2 
Inactivated 

O158 
O158 

3 1 1 1 0 0 0 

5 2 4 2.5 2 1 - 

7 1 2 1 - - - 

10 0 1 0.5 - 1 - 

3 O78 O78 

3 1 2 0 2 - 1 

5 0.5 1 1 - - 1 

7 0 0 0.5 - - - 

10 0.5 1 0 - - - 

4 O114 O114 

3 2 1 0 2 - - 

5 2 2 1 2 - 1 

7 1 1.5 1 1 - - 

10 0 0.5 0 1 1 - 

5 O125 O125 

3 2 1 0 2 1 1 

5 1.5 2.5 2 1 1 1 

7 0 2 0 0 0 0 

10 0 1 0.5 1 - - 

6 Polyvalent 

O44, 

o114,O125, 

O158,O78 

3 0.5 0 0 - - 1 

5 1 1 0 - - - 

7 0.5 0.5 0 - - - 

10 0 0 0 - - - 

7 polyvalent vaccine+ Live poulvac 

O44, 

o114,O125, 

O158,O78 

3 0.5 0 0.5 1 1 - 

5 0 0 0 - 1 1 

7 0 0 0 - - - 

10 0 0 0 1 - - 

8 Live poulvac 

O44, 

o114,O125, 

O158,O78 

3 0.5 0 1 - - - 

5 0 0 0.5 - 1 1 

7 0 0 0 - - - 

10 0 0 0 - - - 

9 O78 vaccine+ live poulvac 

O44, 

o114,O125, 

O158,O78 

3 0.5 0 0.5 - - - 

5 0.5 0 0.5 - - - 

7 0 0 0 - - - 
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10 0 0 0 0 - - 

dpc*: Days Post Challenge. 

     

1: Trachea, at 5th dpc showing congestion of the mucosa with severe hyperactivity of the goblet cells and 

inflammatory cells infiltration of the mucosa.  

2: Trachea at 7th dpc showing severe hyperactivity of the goblet cells and inflammatory cells infiltration of the 

mucosa were persist.   

3: Lung, at 7th dpc showing congestion of the blood vessels in the submucosa with severe hyperactivity of the 

goblet cells in the mucosa of the secondary bronchi with inflammatory cells infiltration together with presence 

of mucous mixed with free RBCs in the lumen in on secondary bronchi. 

4 : Intestines , at 7th dpc showing sever inflammatory cells infiltration of the mucosa.  

 

 
 

Photos [1-4]: Tissue sections of chickens received inactivated E.colivaccine [monovalent or polyvalent] and 

                  challenged stained with H&E.  

 

 
 

Photos [5-7]: Tissue sections of chickens received live Poulvac  vaccine alone or in combined with inactivated 

           monovalent or bivalent vaccine and challenged  stained with H&E.   

 

5: Trachea, at 7th dpc showing light congestion of the blood vessels and light hyperactivity of the goblet cells.  

[photo 5],  

6: Lung, at 7th dpc showing congestion of the pulmonary blood vessels. 

7: Intestines of chicken at 7
th

dpc showing light inflammatory cells infiltration of the mucosa. 

 

Conclusion:  

 It could be concluded that live attenuated commercial available  E.coli [Paulvac®]  vaccine has better 

protection when compared with inactivated E.coli vaccine in many aspects taken in consideration special 

precaution during its application including antibiotic medications used and its residues to avoid vaccinal strain 

death. 
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