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ABSTRACT

This study is to evaluate the effect of E. coli infection on humeral and cellular immune
response post ND vaccination as well as evaluation of inactivated E. coli vaccine. Two
vaccinations with inactivated E. coli vaccine at 14, & 28 day of age gave 100% protection,
meanwhile single vaccination at 14 day of age gave 90% protection.

E. coli infection was carried before ND vaccination by 2-5 days has adverse effect on humeral
and cellular immune response, the geometric mean titer (GMT) was 11.3, 22.6, and 18.4 in group
infected with E. coli at Sday of age and vaccinated with HB1 at 7 day of age, while in vaccinated non
infected was 22.6, 42.2 and 36.8 at 7, 14, 21 day postvaccination respectively. The protection rate
was 12.5% in infected vaccinated group and 25% in vaccinated non infected. Phagocytic index was
1.76, 0.983, and 0.889 in infected vaccinated group and in vaccinated non infected group was 2.03,
1.43, and 1.09 at 7, 14, 21 day postvaccination respectively. The effect of E. coli infection on
chickens lymphoid organs weight was ranged from 0.150+0.041 to 0.102+0.0079gm in bursa of

fabricius while in spleen ranged from 0.101:+0.038 to 0.184+0.038, gm .

INTRODUCTION

Colibacillosis and Newcastle disease are
widespread discases resulting in economic
losses (1,2). Avian pathogenic Escherichia
coli (APEC) strains cause extra intestinal
diseases in chickens, and other avian species
{3). Avian colibacillosis starts as a respiratory

infection (airsacculitis) frequently followed by
- generalized infections which manifested by
perihepatitis, pericarditis, and septicemia (4-

6). Clinically apparent E. coli infection is’

- generally indicative of immunosuppression in
poultry (7). E. coli infection damaged the
immune systems of the chickens including
lymphocyte depletion in both bursa and
thymus (8,9). Oil emulsion E. coli vaccine
exhibited good immunogenicity, which protect
chickens from respiratory tract infections
caused by avian pathogenic E. coli (10,11).

NDV vaccination failure demonstrated
by several authors due to certain predisposing
- factors or agent such as E. coli infection
(12,13). The aims of our work was to study the
effect of E.coli infection on the lymphoid
organs and immune response to ND
vaccination, as well as evaluation of
inactivated E. coli vaccine.

MATERIAL AND METHODS

I. Material

I. 1. Experimental birds

Two hundred and thirty apparently healthy day
old chicks, Cobb breed obtained from El
Kahera Poultry Company were used in this
study. All chicks were reared in floor pens
under hygienic conditions.

I.2. Ration

Chicks fed on a starter ration (Elkahira)
contain energy 3000 kilo-calories, not less
than 21% protein, 3.6% fat.

1. 3. Vaccines

a. Hitchner Bl and La Sota ND vaccines were
obtained from Vet. Serum& Vaccine
Research Institute, Abbasssm, Cario, Egypt,
with virus titer of 10°° EIDsy/ vial 1000 dose.

b. ND inactivated vaccine and E. coli
formalized vaccine were kindly supplied by
Intervet company. Batch/ Lot: A427A05,
and A373A0S5 respectively.

I. 4. Challenge agents

a. Very Virulent NDV with EDs, 10°° /
0.5ml

b. E. coli serotype used was O78: K80
(F103).
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These strains were kindly supplied from
the department of Avian and Rabbit Medicine,
Faculty of Veterinary Medicine, Zagazig
University.

I 5. Media

MacConky agar, Nuliient agar, and Nutrient
broth obtained from Oxoid

L.6. Antibiotic media

MacConky Novobiocine agar, and Nutrient
Novobiocine broth

I 7. Fertile chicken egg

Two hundred and Forty fertile chicken eggs
were obtained from hatchery located at Sharkia
Governorate.

I. 8. Washed chicken erythrocyte (74).

I. 9. Antibiotic: Penicillin 250 LU/mi.,
Streptomycin 100 pg./ml.

I. 10. Materials used for assessment of
phagocytic activity:

L. 10.1. Reagent

i-Hank's solution (15)

ii- Anticoagulant

A. Heparin solution ampoules: (5000 i.u.)
B. Sodium Citrate 3.8% (16).

L 10. 2, Buffer:

i- Phosphate buffered Saline (PBS) (15)
I. 10. 3. Candida albicans (C. albicans)

It was kindly supplied by Department
of Bacteriology, Mycology and Immunology,
Faculty of Vet. Medicine, Zagazig University

L 10. 4. Media
i- Sabouraud’s dextrose broth (15)

ii- Roswell Park memorial institute medinm
{ RPMI Medium 1640 ), (17)

I. 10. 5. Stain

i- Leishman stain (15).

L 10. 6. Foetal calf serum

I.11. Material for ELISA, (I18).
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I1. Methods
1.Preparation of bacterial cultures for
experimental infection

E. coli 078 was reconstituted in 5ml
nutrient broth and incubated at 37C/ 24hr,
then sub-cultured on Mac Conkey agar and
incubated for 24hr at 37°C.

IL.2,Preparation of Novobiocin E,
marked strains (19).

I1.3. Titration
Bacterial titration (20) and viral titration (21 ).
II. 5.1. Experimental design

It aimed to study the effect of E. coli O
infection on ND immune response post ND
vaccination, at different ages (5, 10, 20 days),
and evaluvation of the immune response post
formalized inactivated E. coli vaccine. One
hundred and sixty chicks one day old were
divided into six groups (A, B, C, D, E, F).
Weights of lymphoid organs (bursa of
fabricius and spleen) were recorded. The
experimental designs is shown in Table,1.

IL 6. a. Sera: blood samples were collected from
wing vein (7,14,2]1 day postvaccination.
Sera were stored at -20 °C until used.

II. 6. b. Heparinized blood: 2.5ml blood was

collected using heparin 50 LU./mi
blood, at 7, 14, 21 day postvaccination.

I1. 7. Evaluation of hurneral immune response:

I. 7.1. Haemoagglutination inhibition test
(HL.I- test): was carried out according to
the previously described technique (22).
IL 7.2. Enzyme-Linked Immunosorbent Assay
(ELISA)
ELISA has been modified to detect

antibodies against Escherichia coli (18), and
ELISA for NDV (23)

I1.8. Evaluation of innate or non specific cell
mediated immune response- Detection
of phagocytic activity (24).

I1. 9. Statistical analysis:- The obtained data
was statistically analyzed (25).

coli
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Table 1. Experimental design: Effect of E. coli infection on ND immune response.
Group Suby No of Infection Vaccine Serum [Challenge test
No groupi birds Type Age | Route Type Age | Route | samples
time
A Al 10 E.coliOp | 5d I'M  [Hiwchner B1} 7d Eye 114,21, 28d | 29d (3 weeks
1x10° cfu/ drops post
ml vaccination
A2 10 - - — |Hitchner B}l 7d Eye 114,21,28d
_ drops
B B1 10 EcoliOp | 10d| M La Sota 18d Eye [25,32,39d 40d
1x10° cfu/ drops
ml
B2 10 - - - La Sota 18d Eye |25,32,39d 40d
drop
B3 10 E. coliOy | 10d I'M  |Hitchner B1} 7d Eye 125,32, 39 40d
1x10°cfu/ ml La Sota 18d | drops
B4 10 - - — |Hitchner B1} 7d Eye |25,32,39d 40d
La Sota 18d | drops
BS 10 | E coliOy | 10d | WM |Hitchner Bl] 7d Eye |21, 28,35d 36d
1x10°cfu/ ml drops
Killed ND v 14d M
B6 10 - - - Hitchner B1] 7d Eye |21, 28, 35d 36d
drops
Killed ND'vi 14d IM
C C1 10 E. coliOq | 20d I'M [Hiwchner B1] 7d Eye [25,32,39 40d
1x10°cfu/ ml drops
La Sota 18d
D D 10 - - - Killed E. | 14d S/IC |21, 28, 35d 36d
E E 10 - - - coliV 14d S/IC 135,42, 49d 50d
: 28d
*F F 35 E coliOp | 5d '™
1x10° cfw/
ml -
G G 85 C-ve 29,36,40,50d

* Bursa of fabricius and spleen were weighted 24, 48, 72hr, 5d, 7, d, 10d, and 14day post infection

RESULTS AND DISCUSSION

E. coli infection caused highly significant
decrease in ND antibody titers when chickens
were infected 2 days before ND vaccination
{Al) the GMT was 18.4 much lower than
vaccinated only (A2) which was 36.8 at 3
weeks PV (Table 2), ND vaccination after E.
coli and IB virus infection{ after three and
- seven days respectively) reduced anti- ND titer
and depression of lymphopoietic organs (26).

Also ELISA showed low antibody titer
expressed by positive OD value in infected
group (Al) in double fold dilutions begins
(1/100). The positive dilutions were 2, 3, and 2

dilutions, (Table 3), while in vaccinated only
(A2) was 3, 4, and 3 dilutions at 1, 2, and 3
weeks PV respectively, (Table 3). Several
previous studies recorded that E. coli infection
has adverse effect on humoral immunity to ND
vaccine as measured by ELISA test at 4, 7 and 10
days postvaccination (27,28).

The phagocytic indices were 1.76, 0.983,
and 0.889 in infected vaccinated group while
in vaccinated group only were 2.03, 1.43, and
1.09 and in negative control were 1.02, 0.94,
0.86 at 1, 2, and 3 weeks PV respectively,
(Table 5). The increased Phagocytic indices in
birds received lentogenic live vaccine strains
agreed with study which recorded that the
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phagocytic indices in negative control were
0.84, 1.27,0.85 and 0.9 at 3, 7, 14 and 21 days
and 1.5, 3, 1.43, and 1.09 at 3, 7, 14 and 21
days postvaccination with Hitchner B1 via eye
drop respectively (29). The decreased
Phagocytic indices in birds received E. coli
infection before vaccination similarly it has
recorded that there was decrease in neutrophil
phagocytes in E. coli infected broiler against
Staph aureus (30),

The protection rate was 12.5% in infected
vaccinated group (Al) and 25% in vaccinated
non infected (A2) post challenge with
VVNDV (Table 5). The commercial broilers

100

exhibited 66% mortalities (31), and the
protection % ranged from 20-80% (29).

No significant differences in the ND
GMT, ELISA values and phagocytic index
when E. coli infection was injected before ND
vaccination by 8 days (Tables 2,3,5). E. coli
infection may induce transient lymphocytic
depletion of lymphoid tissues in the chicken
for 5-7 days (8). The protection rate was 50%
in both infected and vaccinated (B1) and in
vaccinated birds only (B2). No significant
effect on protection was recorded in E.coli
infected chickens and VND virus challenged 10
days postvaccination (28).

- Table 2. The effect of E. coli infection on immune response to ND vaccination

Group | Subgroup No of At 7" day post At 14Tday post At 21" day post
: samples vaccination vaccination vaccination
Mean GM.T Mean GMT | Mean G.M.T
A Al 10 3.5+0.167¢ 11.3 4.5+0.268¢c 22.6 4.2+0.25¢ 184
A2 10 4.5+0.307b 22.6 5.4+0.266b 42.2 5.2+0.2b 36.8
*E(c-ve) 10 1.4+0.29a 2.6 1+(.298a 2 0.5+0.167a 2>
B Bl 10 4.42{.22a 21.1 5.4+0.267a 42.2 5.320.213a 394
B2 10 4.7+0.26a 26 5.5+0.223a 45.3 5.4x0.221a 42.2
**(C.ve 10 1.1+0.273b 2.1 0.8+0.167b 2> 0.6+0.162b 2>
B3 10 4.9+0.267¢ 29.9 6.1+0.268c 68.6 6.910.3¢ 1194
B4 10 5.8+0.25b 55.7 6.7+0.3b 104 7.5+0.268b 181
**+C.ve 10 1.1+224a 2.1 0.820.298a 2> 0.6+0.167a 2>
BS 10 - 6.320.213a 78.8 7.8+0.25a 222.9 8.2+0.29a 294.1
B6 10 6.6+0.221a 97 8+0.21a 256 8.5+0.307a 362
**C-ve 10 1.2+0.273b 2.3 0.9+0.298b 2> 0.810.371b 2>
C C1 10 5.5+0.167b £5.3 6.6+0.267b 97 7.44221b 168.9
* Means with different superscripts are significant at P< 0.05
**(C-ve: Non vaccinated non infected
G.M.T of maternal immunity = 12.1
E. ' coli infection after primary ND showed higher Phagocytic indices than

- vaccination and before revaccination showed
significant reduction in antibody PV, where
the GMT in infected vaccinated group (B3)
was 119.4 at 3 weeks PV, while in vaccinated
non infected (B4) was 181. Also positive
ELISA OD values in infected vaccinated
~group (B3) at 3 weeks PV were 4 positive
dilutions, while in birds vaccinated only were
5 positive (Table 3). E. coli has harmful effect
on the immune system and the immune
response especially when the infection of
chickens occurs before vaccination at all ages
(13, 32). The ND vaccinated birds only

vaccinated infected birds at 1, 2, and 3 weeks
PV (Table 5). Proliferation of lymphocytes in
the vaccinated birds coupled with an absence
of resistance towards a Th2 polarization of
the immune response in birds free of E. coli
infection (33, 34).

After challenge, the protection % was 75%
in infected vaccinated group (B3) and 87.5%
in vaccinated only (B4). Previous study
showed that the protection % were 70-75%,
81- 100% and 70% in challenged chickens
(35-37).
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Infection with E. coli before revaccination
with killed ND vaccine (BS5), the GMT at 3
weeks PV was 294.1 lower than in vaccinated
non infected birds (B6) 362. Also ELISA OD
values showed non significant decrease in
antibody titer, but positive at all dilutions (AS5)
at 3 eeks PV, (Table 3). Secondary NDV
vaccination administered 14 days later failed
to induce immunity against E. coli when
chickens were infected 1 or 5 days after the
vaccination (32,38).

The phagocytic indices recorded in
infected vaccinated group and in vaccinated
non infected were 2,92, 3, 2.2 and 3.4, 3.2, 3.1

at 1, 2, and 3 weeks PV respectively, similar

101

vaccinations programs (39). The protection %
was 87.5% and 100 % in infected vaccinated
(B5) birds and vaccinated non infected (B6)
respectively, similar results were recorded for
the inactivated oil adjuvant vaccine, (40-42),
(100%, 83,3%, and 84-100% respectively ).

E. coli infection after ND vaccination {(C1)
has no effect on antibody titer. The GMT,
ELISA values and phagocytic index showed
no differences in ND antibody titer (Tables 2,
3, 5). The immune response not affected when
chicken vaccinated before E. coli infection
(32). On the other hand the protection % was
75% in infected group (C1) and 87.5 % in
birds vaccinated non infected (B4) (43).

finding were recorded using several
‘Table 3. The effect of E. coli infection on immune response post ND vaccination using
ELISA test
Group Sub | Age of bird (days) /PVs Mean of OD value at different serum dilution

_group (weeks) 1:100 1:200 1:400 1:300 1:1600 1:3200

A Al 14 {1 PV) 0.362* 0.316* (.288 0.224 0,186 0.162
21 2PV 0.434* 0.348* 0.301* {.228 0.202 0.186

28 (3 PV) 0.408* 0.362% 0.279 0.209 0.181 0.164

A2 14 {1 PY) 0.422% 0.364% 0,322 0.261 0.208 0.188

21 2 PY) 0.578* 0.454* 0.368* 0.308* 0.240 0.203

28 3 PV) 0.524* 0.408* 0.337* 0.296 0.225 0.198

B Bl 25 (1 PV) 0.420* 0.392# 0.340* 0.286 0.235 0.186
322PV) 0.575* 0.462* (.382* 0.308* 0,280 0.245

393 PV) 0.569* 0.452% 0.366* 0.298 0.248 0.186

B2 25(1PV) (0.438* (.398* (.348* 0.294 0.242 0.200

32 2PV) 0.586* 0.465* 0.390* 0.322* 0.282 0.251

393 PY) 0.580* 0.455% 0.373* 0.306* 0.266 0.208

B3 25 (1 PVY) 0.488* (.408* 0.306* 0.262 0.214 0.196

32 (2PV) 0,508+ 0.468* 0.394* 0.316* 0.286 0.244

39 3 PV) 0.638* 0.512* 0.406* 0.337% 0.208 0.206

B4 25 (1 PV) 0.508* 0.442* 0.364* 0.301+ 0.247 0.206

32 (2PV) 0.585%* 0.504* 0.412* 0.387* 0.302* 0.237

393PV) 0.587* 0.535% 0.442* 0.396* 0.308* 0.289

Bs 21 (1 PV) 0.523* 0.413* (.348* 0.301* 0.268 0.204
2802PV) 0.592* 0.506* 0.420* 0.375* 0.299 0.259

ISPV 0.807* 0.620* 0.506* 0.444* 0.367* 0.308*

B6 211 PV) 0.575% 0.425% 0.378* 0.336* 0.289 0.224

28 2 PV) 0.642* 0.554* 0.486* | 0405* | 0342+ 0.298

IS (3-PY) 0.854* 0.686* 0.598* 0.485% (0.372% 0.323*

C Cl 25 (1 PY) 0.501* 0.410* (.334* 0.300* (0.266 0.201
202PV) 0.562* 0.492% 0.401* 0.356 0.301* 0.198

39 3PV) 0.613* 0.500* 0.422* 0.372* 0.303* (0.288

O; optical ensity at wave length 405 an cut off value was 0.3 (+ve)

Non vaccinate negative control (C-ve) showe negative O value below 0.3

* mean positive resuits
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Chickens vaccinated and revaccinated using
killed E. coli vaccine at 14 and 28day old (E)
showed high positive OD value at 3 weeks PV
and the positive dilutions were at all dilutions,
while single vaccination (D) showed 3 positive
dilutions at 3 weeks PV (Table 4). Booster
vaccination with E. coli vaccine (E) gave 100%
protection against E. coli challenge, while single
vaccination (D) and negative control (G) showed
90% and 60% respectively. Phagocytic indices
showed no differences between single
vaccination (D) and booster vaccination (E) (at
1, 2, and 3 Weeks PV. (Table 5). Vaccination
per os once at 7 or twice at 7 and 21 days
resuited in good protection, Chicks exhibiting
high antibody titers by ELISA were well
protected against challenge (44,45). Oil

102

Significant increase in weight of bursa
fabricius at 24, 48, and 72 hr PI with E. coli in
comparison with non infected control, while
at 5, 7, 10, and 14d PI there was no difference
between infected and non infected, (Table 6).
The relative weights of the bursa and thymus
reduced rapidly to minimal relative weights at
8 days after inoculation. At 14 days after
inoculation, both bursa and thymus had normal
relative weights and histological structures (8).

Significant increase in spleen weight (at 1, 2,
3, 5 day PI respectively, in comparison with
control, While at 7, 10, and 14d PI with E. coli
there was no difference between infected and
negative control, (Table 6). Macroscopic lesions
of colibacillosis were observed in all inoculated

emulsified E. coli vaceine was protective against birds, also moderate to severe lesions of
- fectiloL 1 o4 5) e was p BANSL airsacculitis, pericarditis, perihepatitis, and
e splenic hypertrophy were observed (5).
Table 4. Evaluation of immune response post kille E. coli vaccine using ELISA test
] Group| Sub Age of bird (days) / Mean of O value at ifferent serum ilution
group PVs(weeks) 1:100 1:200 1:400 1:800 1:1600 1:3200
D 21 (1 PVs) 0.442* 0.354* 0.296 0.249 0.118 0.114
28 (2 PVs) 0.574* 0.486* | 0.408* | 0.325* 0.269 0.180
35 (3 PVs) 0.720* 0.606* | 0.528% | 0.415* 0.345*% 0.233
E 35 (1 PVs) 0.653* 0.547* | 0.434* | 0.360* 0.331* 0.236
42 (2 PVs) 0.748* 0.664* | 0.541* | 0.442* 0.353* 0.317*
49 (3 PVs) 0.896* 0.737* | 0.623* | 0.514* 0.418* 0.348*

O: optical ensity at wave length 405 an cut off value was 0.3 (+ve)

Non vaccinate negative control (C-ve} showe negative O value below 0.3

* : mean positive results

‘Fable 5. Result of Phagocytosis% , phagocytic index, and challenge test

Group NO Subgroup At Tth day post At 14th day post At 21st day post Challenge test
vaccination vaccination vaccination
Pha&oiytosis Phiiﬂocytosis Phagocytosis Protection %
Yo Index % Index % Index ND E. coli
A Al* 13.5 1.76 , 11.36 0.983 9.7 0.889 12.5%
A2 23.4 2.03 20.1 1.43 15.8 1.08 25%
**C.ve 9.2 1.02 9 0.94 8.5 0.86 .
B _Bi* 24.2 2 22.8 1.36 18.9 1.03 50%
B2 25.78 2.25 23.51 1.45 2044 . 1.23 50%
B3* 24.4 1.98 20.64 1.33 18.8 1.11 75%
B4 30.67 2.36 26.37 1.9 23.2 1.8 87.5%
**C-ve 9 1.03 8.8 0.98 8.2 (.86 0
B5* 31.2 2.92 33.54 Y ¥4 2,2 87.5%
B6 36.38 3.4 38.41 3.2 35.67 31 100%
**+(C-ve 9 1.1 8.6 0.87 8.5 0.9 0
C _1* 30.04 2.27 25.87 1.85 23.05 1.78 75%
D 36.04 3.02 37.05 2.68 35.8 2.52 90%
E 36.62 3.04 37.8 2.8 36.06 2.65 100%
G C-ve 9 0.98 8.8 0.85 8.8 0.87 60%

Gr(G): **C-ve Non vaccinated non infected

*Infected with E. coli
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Table 6. Effect of E. coli infection on immune organs weight
Organs Group The mean wieghts
24hr P1 48hr PI T2hr P1 Five day PI
Bursa of 1 0.150+0.041* 0.126+0.0073* 0.102+0.0079** 0.091+0.029
fabricius 2 0.1017+0.0061 0.080+0.028 0.07520.0049 0.081+0.0041
Spleen 1 0.10140.038** 0.223£0.094** 0.234+0.01 17** 0.184+0.038*
2 0.0402:0.006 0.11420.015 0.111+0.0083 0.141+0.018

* Means with superscripts are significant at P<0.05
Gr (1): infected with E. coli O sgat 5 day old (1x10° cfu).
Gr (2): non infected group (C-ve)
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