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Introduction

For the control of avian coccidiosis, various anticocci-
dial drugs were developed and used. Among the anticoc-
cidial drugs, polyether ionphorous antibiotics are mainly
used !® Although those durgs are very effective for the
protection of avian coccidiosis, some problems are recog-
nized in the use of the anticoccidial drugs. One of those
is emergency of drug resistant strains according to the
continuous use or misuse of the drugs. Then the de-
velopment of new drugs and rotation programs in the use
of the drugs were demanded. In other hand, as the anti-
coccidial feed additives are ascended expenditure of
pouliry products, the drugs or antibiotics would be re-
tained as residue in poultry product, and these residual
drugs may have a demerit influence to the final consum-
er the human being. Therefore, the enhancement of the
regulations for the anticoccidial drugs should be streng-
then gradually. For the safety and economic control of
avian coccidiosis, we are concerned about the develop-
ment of vaccine.* Dickinson et. al. carried out the initial
study of coccidial immunity with E tenella, E acervulina, E
maxima, E necatrix and E praeca® Rose also reported ab-
out immunity and the prospects for prophylactic
immunization'® and Rose and Hesketh studied the im-
munity to coccidiosis!®. Long and Millard and Long et
al. studied the immunization of young chicken in
farms.!2' The possibility of vaccination to the avian co-
ccidiosis was also studied by other scientists.! ~3162! Ip
recent, the development of avian coccidial vaccine is ac-
companied two methods ; the method of genetic engine-
ering technology and avirulent coccidial oocysts. Danfor-
th and Augustine carried out the method of genetic engi-
neering technology with recombinant DNA technique by
Escherichia coli, but this immunogen was estimated to have
non-effect. The other was the use of avirulent coccidial
oocysts with the precocious line and the application of
Y Arradiation methodology. Many scientists studied on
the precocious line to Immunogen of avian
coccidiosis #9111520~22252128 This method is required of
time and labor to make and preserve the passaged oocys-
ts and possibility of interspecific contamination. Fitzeral-
d initiated the method of use of 7 -iradiated oocysts wit-
h bovine coccidia, such as E bovis.” Singh and Gill also
reported the effect of 7 -irradiation to E necatrix.”* Re-

cently, Djajusman et al. reported on the implementation
of coccidia radiovaccine (Emmeria tenella) in east-Jawa,
south Sulawesi and north of Sumatera® To investigate
the pathogenicity and immunogenicity of coccidia, they
only used with 7 -iradiated oocysts. The method used
Y -irradiated oocysts was not satisfied because of the
problems to preserve of immunogenicity and mass pro-
duction. In these experiments, for making avirulent cocci-
dia, we treated E tenella by ¥ -irradiation from **Co and
passaged them in SPF chicken. To make use of passag-
ed oozyst to coccidial immunogen, their immunogenicity
in chickens challenged with virulent E tenella after immu-

nization was investigated.

Materials and Methods

Emmeria tenella. A reference stock of E tenella was pro-
vided from the Protozoology Laboratory of the USDA
and the oocysts propagated in the specific pathogen
free(SPF) chickens were used in this experiment on the
immunogenicity. The oocysts were preserved in 2%
potassium dichromate solution to be sporulated and pre-
served in a refreezerator(2 ~5C Juntil used. It was used
to investigate ¥ -irradiated dose from ®*Co, numbers of
immunization, their immunogenicity by companson of
the survival rate, body weight gains, feed efficacy,
blood in feces, lesion score or anticoecidial index and to
challenge.

Experimental animals . Three hundred and fifty SPF
chickens of the same numbers of sex of white colored
layer Lohmann were used as the experimental animals.
They were reared 10 chickens per group on cage. One
hundred and fifty 9 week-old chickens are used to deter-
mine proper dose of ©Co ¥ -ray and immune dose. Two
hundred 6 week-old chickens were used to investigate
the immunogenicity of 7 -irradiated E tenella and its
progeny.

Experimental feed . Experimental feed is manufac-
tured for early broiler without anticoccidial feed addi-
tives at Kun Kuk feed manufacture company in Kun Kuk
University and its composition followed the commercial
chicken production manual.'” Feed and water were admi-
nistered at liberty.

Dcse of gamma imadiation from ®Co to oocysts of £
tenelle and determination of iradiated dose © Sporulated
oocysts of E tenella were irradiated with ¥ -ray from ®*Co
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according to the method suggested by the previous repo-
t®. Ten 9 week-old birds per each group were challeng-
ed with 1X 10° cocysts of virulent E tenella after immuni-
zation with 1X10° oocysts by 100, 200, 300 and 600 Gy
Y -irradiated from ®Co. Two groups of 10 birds were co-
ntrol and challenged control groups. All birds of each gr-
oup were slaughtered to examine lesion score at 1 week
after challenge. Body weight gain of each group was inv-
estigated at the 1st week after challenge. Blood in fece-
s, lesion score and excreted oocysts per gram in feces w-
ere investigated at the 1st week after challenge.

Determination of immune dose : Ten 9 week-old
birds per each group were challenged with 1 X 10° oo-
cysts of virulent E tenella after immunization with 1X 102,
1 10%, 1X10% and 1X10° oocysts of the 1st and the
3rd passaged E tenella irradiated with 100 Gy 7 -ray from
%Co, respectively. Two groups of 10 birds were control
and challenged control groups, respectively. All birds of
each group were slaughtered to examine lesion score at
the 1st week after challenge. The body weight gain of e-
ach group was investigated at the 1st week after challen-
ge. Blood in feces, lesion score and excreted oocysts per
gram in feces were investigated as the same as previous
methods.

Degrees of the immunogenicity of experimental Evme-
7ia tenella : Ten 6 week-old birds per each group were chal-
lenged with 1X 10° oocysts of virulent E tenella after im-
munization with 1X 10* oocysts of non-passaged, the 1st
and the 3rd passaged E tenella irradiated with 100 Gy 7 -
ray from ®Co, respectively. Two groups of 10 birds wer-
e control and challenged control groups. The items of in-
vestigation were as follows ; blood in feces, lesion score,
packed cell volume(PCV) of erythrocysts, number of ex-

creted oocysts in feces, body weight gains, feed conversi-
on ratios, and anticoccidial index. All items were investi-
gated according to the method suggested by the previous
repjrt.29

Sitatistical analysis - Results of body weight gain, feed
conversion ratio, lesion score, PCV of erythrocytes and
anticoccidial index were analyzed by Tukey’s studentize-
d range test.

Resuits

Immunogenicity of E tenclla treated with various doses
of ¥ -ray from %Co ! The immunogenicity of the group
challenged with 13X 10° oocysts of virulent E tenella after
immunization with 13X 10° oocysts of 100 Gy 7 -irradiat-
ed E tenella was the highest of any other groups by com-
parison of survival rate, body weight gains, blood in fec-
es, lesion score, and excreted oocysts in feces(Table 1).

Immunogenicity of the 1st progeny of £ tenella irradi-
atecl with 100 Gy Y -ray from ®Co . The immunogenic-
ity of the group challenged with 1X10° oocysts of viru-
lent £ tenella after immunization with 1X 10* and 1 X 10°
oocysts of the 1st passaged E tenella was the highest of
any other groups by comparison of survival rates, body
weight gains, blood in feces and lesion score(Table 2).

Immunogenicity of the 3rd progeny of E tenella iradi-
ated with 10 Gy Y -ray from %°Co : The immunogenicity
of the group challenged with 1% 10° oocysts of virulent
E tenella after immunization with 1X10% and 1X 10" ooc-
ysts of the 3rd passaged E tenella was the highest of any
other groups by comparisons of survival rates, body wei-
ght gains, blood in feces and lesion scores(Table 3).

Immunogenicity with oocysts of 100 Gy Y -irradiated
E tenella from ®Co and its progeny : In the preliminary

Table 1. The immunogenicity of E tenella treated with various dose of ¥ -ray from *’Co

. Survival rate Body weight gain Blood in feces Lesion score OPG
Group 1 week 1 week 1 week 1 week 1 week

1 100.0 140.0 - 0.00 0

I 40.0 -60. 4 e 4,00 1,658,000
il 100.0 -52.0 -+ 2.00 45, 400
v 80.0 -73.5 +++ 2,50 126, 300
\' 60.0 -77.7 +++ 3. 40 325,000
Vi 70.0 -85.0 +++ 4.00 428, 600

group 1 : control group without immunization and challenge. group I * contrcl group challenged with 1X10° of cocysts. group 1. V. V
and VI : experimental groups challenged with 1X10° of oocysts after 2 weeks of an initial administration of 1X10° of oocysts irradiated with

100, 200, 300 and 600 Gy of 7 -ray from ®Co, respectively, OPG : oocysts per gram of feces.

* *

. week(weeks) after the 1st inoculum,

week after challenge, — : nomal, + : mild, ++:moderate, +++ : severe, ++++ [ heavy.
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Table 2. The immunogenicity of the 1st progeny of E tenella irradiated with 100 Gy 7 -ray from ®Co

Number of Survival rate Body weight gain Blood in feces Leston score
Group oocysts
(immunized) 1 week 1 week 1 week 1 week
1 - 100.0 85.0 - 0.00
I - 77.8 -1L.0 ++++ 4.00
m 1x10? 100.0 23.3 +++ 3.25
I\) 1x10° 9.0 22.6 ++ 2.80
v 1x10* 100.0 35.0 + 2.33
Vi 1X10° 100.0 46.5 + 2.20

group I : control group without immunization and challenge, group II : control group challenged with 1X 10° of oocysts, group I, IV, V
and VI : experimental groups challenged with 1X10° of oocysts after 2 weeks of an initial administration of the st progeny of E tenella irradi-
ated with 100 Gy of 7 -ray from ®Co, respectively, — : nomal, + : mild, ++ : moderate, ++ + : severe, + +++  heavy.

Table 3. The immunogenicity of the st 3rd progeny of E tenella irradiated with 100 Gy 7 -ray from *’Co

Number of Survival rate Body weight gain Blood in feces Lesion score
Group oocysts
(tmmunized) 1 week 1 week 1 week 1 week
1 - 100.0 83.0 - 0.00
I - 77.8 -21.0 ++++ 4.00
| 1X107 100.0 23.5 +++ 3.00
I\ 1x10* 90.0 32.5 ++ 2.50
\% 1x1¢0* 100.0 45.0 + 2.00
Vi 1x10° 100.0 54.0 + 1.50

group I : control group without immunization and challenge, group I : control group challenged with 1X10° of cocysts, group I, IV, V
and V] : experimental groups challenged with 1 X 10° of oocysts after 2 wezks of an initial administration of the 3rd progeny of E tenella
irradiated with 100 Gy of 7 -ray from ®Co, respectively, — : nomal, + : mild, ++ : moderate, + + + : severs, ++ + + : heavy.

Table 4. Survival rate after challenge to the chicken immu-
nized with 1 X 10* oocyststs of E tenella irradiated
with 100 Gy of 7 -ray from ®Co and its progeny

Group Survival rate(%)
Co 100.040. 07
Ci 87.046.0°
Po 95.0+5. 8%
P 100.0+0. 07
p? 100. 040, 0

Co : control group without immunization and challenge, Ci © challen-
ged control group, Po : treatment group immunized with ¥ -irradiated
oocysts. P1 ! treatment group immunized with the 1st progeny of 7-
irradiated oocysts, P | treatment group immunized with the 3rd prog-
eny of ¥ -irradiated oocysts

a, and b values with different superscripts differ significantly(p <
0.05).

trials, the numbers of ¥ -irradiated E tenella and its prog-
eny were estimated 1X 10* oocysts by comparison of im-
munogenicity. So we immunized with 1 X 10* oocysts of
100 Gy 7 -irradiated E tenella and its progeny to each
bird and challenged with 1 X 10° oocysts of virulent E
tenella. The results of challenge trials were as follows ;
Survival rate : The survial rates of the groups challen-

ged with 1 X10° oocysts of virulent E tenella after immu-
nization with 1 X10* cocysts of the 1st and the 3rd pass-
aged E tenella were higher than that of the challenged co-
ntrol group(Table 4).
Blood in feces, lesion score and packed cell volume
: The immunogenic'ity of group challenged with 1 X 10°
oocysts of virulent E tenella after immunization with 1 X
10* oocysts of the 3rd passeged E tenella was the mildest
of any other groups by comparison of blood in feces, le-
sion score and PCV. The immunogenicity of the group
challenged with 1X10° oocysts of virullnt E tenella after
immunization with 1X 10* oocysts of the 1st passaged E
tenella was milder than those of 7 -irradiated E tenella and
challenged control groups(Table 5).

Shedding of oocysts. . Shedding of oocysts in groups
challenged with 1X10° oocysts of virulent £ tenella after
immunization with 1 X 10* oocysts of the 3rd passaged E
tenella was smallest of any other groups. Shedding of ooc-
ysts in group challenged with 1X10° cocysts of virulent
E tmella after immunization with 1X 10* oocysts of the
Ist passaged E tenella was smaller than those of 7 -irradi-
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Table 5. The immunogenicity after challenge to the chicken immunized with 1 X 10* cocysts of E tnenella irradiated with
100 Gy of 7 -ray from ®Co and its progeny

Blood in feces }
Group Lesion score Packed cell volume
4 5 6 7 8(days)

Co - - - - - 0.0+0. 0 30.240.7*

C + ++++ +++ - - 4,00.0¢ 20.7£1.5

Po + +++ ++ - - 3.530.1° 25, 440.9°

P - + + - - 2.4%0.1° 31,2412

Ps - - + - - 1.6+0.3" 30.0%0. 62

Co : control group without immunization and challenge, Ci : challenged control group, Po : treatment group immunized with ¥ -irradiated oo-
cysts, P1 [ treatment group immunized with the 1st progeny of 7 -irradiated oocysts, P3 | treatment group immunized with the 3rd progeny of
7 -imadiated oocysts. — . normal, + : mild, + + : moderats, + + + : severe, + +++ : heavy. a b, ¢ and d values with different super-
scribpts differ significantly(p<0.05).

Table 6. Number of oocysts per gram of feces after challenge to the chicken immunized with 1 X 10* oocysts of E tenella
irradiated with 100 Gy 7 -ray from ®*Co and its progeny
Shedding of cocysts(OPG X 1000)

Growp — 6 7 8 9 10 11(days)
C 0.0 45.1° 416.5° 1658.0° 320,40 189.6° 34.8°
0.0 +23.4 +293.0 +1198.4 +238.6 +196.9 +17.3
Po 0.0 27.6% 187. 0% 651.4% 222,40 63.3 13.1°
0.0 +18.8 +39.9 +521.4 +86.2 +21.7 +7.2
Pi 0.0 7.5 103.9° 13.8 13.3 8.8 12.3°
+0.0 +7.2 +37.4 +9.3 +6.9 +3.8 +11.0
Ps 0.0 25. 8% 25.5° 8.9 24. 8 3.5 4.5
0.0 +18.1 6.2 +3.7 +18.4 +4.5 +3.7

Cu1 : challenged control group, Po : treatment group immunized with ¥ -irradiatec oocysts, P1 © treatment group immunized with the 1st prog-
eny of 7 -irradiated oocysts, Ps : treatment group immunized with the 3rd progeny of ¥ -irradiated oocysts.
a and b values with different superscripts differ significantly(p<0.05)

Table 7. Body weight gain and feed conversion ration after challenge to the chicken immunized with oocysts of E tenetla
irradiated with 100 Gy 7 -ray from *°Co and its progeny

Group Body weight gain(g) Feed conversion ratio
1 week 2 weeks 2 weeks

Co 98.7+13.0° 195. 0£20. 07 2.70+0. 13
(100.0+0.0)* (100.00.0)

Ci -85,8118. ¢ 63.6+12.7° 5.60%1. 66"
(-89.2427.1) (32.645.5)

Po -25.3+4.5° 130.5+4.5° 3.8010.05%
(-26.2+7.7) (67.3+6.5)

P 2.6+16.5% 155.4+7.4° 3.28+0.17
(4.0%17.6) (80.343.8)

p? 11.6+18. 3% 168.9+19. 7° 2. 96+0. 28°

(13.9+22.3) (87.5+15.7)
Co : control group without i ization and challenge, Ci . challenged control group, Po ! treatment group immunized with 7 -irradiated oo-

cysts, P1 | treatment group immunized with the 1st progeny of 7 -irradiated oocysts, P3 ! treatment group immunized with the 3rd progeny. of
7 -irrandiated oocysts. ( )™* : rate of relative body weight gain=body weight gain of treatment group/body weight gain of control group.
a, b, ¢ and d values with different superscripts differ significantly(p<0.05).

ated E tenella and challenged control groups(Table 6). oocysts of virulent £ tenella after immunization with 1 X
Body weight gain and feed conversion ratio . The 10* vocysts of the 3rd passaged E tenella was the greatest
body weight gain of the group challenged with 1 X 10° of any other groups except control group. The body



Table 8. Anti-coccidial index after challenge with non-irrad-
iated E tenella to chickens immunized with 1X10*
oocysts of E tenella irradiated with 100 Gy 7 -ray
from ®Co and its progeny

Group Anti-coccidial index(M+SD)
Co 200.0+ 0.0°
Ci -81.9+32.1¢
PY 16.3+11.7¢
P! 70.5+12.4°
p? 93.9+25.3"

Co : control group without immunization and challenge, Ci : challen-
ged control group, Po ! treatment group immunized with 7 -imadiated
oocysts, Py © treatment group immunized with the 1st progeny of 7 -
irradiated ococysts, Ps | treatment group immunized with the 3rd prog-
eny of 7 -irradiated oocysts.

a, b, ¢ and d values with different superscripts differ significantly(p<
0.05).

weight gain of the group challenged with 1X10° oocysts
of virulent E tenella after immunization with 1X 10 oo-
cysts of the 1st passaged E tenella was more than those of
Y -irradiated E tenella and challenged control groups. The
feed conversion ratio of the group challenged with 1 X
10° oocysts of virulent E tenella after immunization with
1 X 10° oocysts of the 3rd passaged E tenella was the
lowest of any other groups except control group. The
feed conversion ratios of the groups challenged with 1X
10° oocysts of virulent E tenella after immunization with
1 X 10" oocysts of the st passaged and 7 -irradiated E
tenella were more than that of challenged control
group(Table 7).

Anti-coccidial index : The anticoccidial index of the
group challenged with 1 X 10° oocysts of virulent E tenel-
la after immunization with 1X10% oocysts of the 3rd pas-
saged E tenella was the greatest of any other groups ex-
cept control group. That of the group challenged with 1
X 10° oocysts of virulent E tenella after immunization
with 1 X 10* oocysts of the 1st passaged E tenella was
more than those of 7 -irradiated £ tenella and challenged
control groups(Table 8).

Discussion

To develop proper immunogen for avian coccidiosis in
this experiment, we irradiated 7 -ray from ®Co to cocci-
dial oocysts and passaged them to SPF chicken to be
weak pathogenicity of E tenella. Their immunogenicity af-
ter challenge with virulent E tenella to the chickens im-
munized with 7 -irradiated E tenella and its progeny were

investigated by comparison of body weight gains, blood in
feces, lesion scores, number of excreted oocysts and
PCV of erythrocytes.

In the experiment of effects of ionizing irradiation from
%Co on oocysts of Eimeria bovis, Fitzgerald reported that
100 Gy 7 -ray from %°Co was the most immune of any
other treated groups by comparison of blood in feces and
number of excreted oocysts between 100 and 2,000 Gy
Y -ray from ®Co.” Also, Singh and Gill repornted that
100 to 200 Gy 7 -ray from Cobalt-60 was more immune
than the other irradiation doses® In this experiment,
Tte immunogenicity of 100 Gy 7 -irradiated F tenella
groups was higher than those of the other 7 -irradiation
dose groups by comparison of survival rate, body weight
gans, blood in feces, lesion score, and excreted oocysts.
The immunogenicity of groups immunized with 1 10?
and 1% 10° oocysts of the 1st and the 3rd passaged E
tenella was the higher than those of the other inoculum
size groups.

Long et al. reported that the groups immunized with
200~500 oocysts of E tenella imporved  27.3~49.7% of
survival rate, about 0.4 points of feed conversion ratios
and 1.2~ 25 points of lesion score in comparison to
challenged control groups.”®> McDonald et. al reported
that the groups immunized with 5,000 ~ 50,000 oocysts
of precocious E tenella improved 18 ~50% of survival
rate and 69~ 117g of body weight gains in comparison
to challenged control groups.”® Long and Johnson report-
ed that the groups immunized with 1,000~5,000 oocysts
of precocious E tenella improved 0.4~1.4 points of lesion
score and 23~103g of body weight gains in comparison
to challenged control groups.!' Djajusma et al. reported
that the groups immunized with 1 X10% cocysts of E tene-
lla radiovacine improved 10~50% of survival rate in co-
mparison to challenged control groups.® Therefore, they
estimated that the immunization of the precocious line of
E tenella had effect to cecal coccidiosis on condition of
improvement of survival rates, body weight gains and le-
sicn SCores.

In the preliminary trials, the numbers of 7 -irradiated £
tenella and its progeny were estimated 1 X 10* oocysts by
comparison of immunogenicity. So we immunized with |
X 10* oocysts of ¥ -irradiated £ tenella and its progeny to
each bird and challegned with 1X10° oocysts of virulent
E lenella. The survival rates of the groups immunized 1 X



10* oocysts of the 1st and the 3rd passaged E tenella wer-
e higher than that of the challenged control group. The i-
mmunogenicity of group immunized with the 3rd passeg-
ed E tenella was the highest of any other groups by com-
parison of blood in feces, lesion score, packed cell volu-
me and excreted cocysts in feces. The immunogenicity
of group immunized with the lst passaged E fenella was
higher than those of ¥ -irradiated E tenella and challenge-
d control groups. The body weight gain and the feed co-
nversion ratio of group immunized with 3rd passaged E
tenella were the greatest of any other except control grou-
p. The body weight gains and the feed conversion ratios
of groups immunized with the 1st and the 3rd passaged
E tenella were more than those of 7 -irradiated E tenella
and challenged control groups.

To compare immunogenicity between 7 -irradiated E
tenella and its progeny, we introduced anticoccidial index
to evaluate anticoccidial drugs. The anticoccidial index
of group challenged with 1 X 10° oocysts of virulent E
tenella  after immunization with 1X 10* cocysts of the 3rd
passaged E tenella was the greatest of any other groups
except control group.

We thought that the immunogenicity of 7 -irradiated E
tenella would be increased according to increase the num-
ber of generation passaged in chicken. That might be be-
cause of increasing the pathogenicity of 7 -irradiated E ¢
enella according to increase the number of generation pa-
ssaged in chicken.

Summary

To reveal the immunogenicity of 7 -irradiated £ tenella
and its progeny, a series of experiments on the effects of
Cobalt-to 7 -irradiation was performed. The SPF chick-
ens inoculated with diffenrt doses of inoculum were chal-
lenged with 1X10° oocysts of virulent E tenella. The lev-
els of 100 Gy 7 -irradiation from **Co and of inoculum
with 1X10% oocysts were recognized as proper as immu-
nogen by comparison of survival rates, body weight gain-
s, blood in feces and lesion scores in the chickens. In
these trials of challenge with virulent E tenella after ino-
culation with 1 X10* cocysts of the 7 -irradiated E tenella
and its progeny, the survival rates of the chickens chal-
lenged with the virulent E tenella after immunization with
the 1st and the 3rd progeny groups of 7 -irradiated E
tenella oocysts were higher(100%) than that(87.0%) of the

challenged control group. The signs of blood in feces
and the lesion scores were seen markedly lower with the
ourput of the smaller number of oocysts, ie. OPG
103,900 and 25,800 in the groups of the 1st and the 3rd
progeny, respectively, than those(OPG 1,658,900) of the
challenged control group. The body weight gains of the
Ist and the 3rd progeny groups, the 1st week and the
2nd week after challenge, were higher (2.6g and 1554g,
11.6g and 1689g respectively) than those(-85.8g and
63.6g, respectively) of the challenged control group, and
the feed conversion ratios(FCR 3.28 and 2.96) of the 1st
and the 3rd progeny groups were lower than that(FCR
560) of the groups challenged control group. The anti-
coccidial indices(70.5 and 93.9) of the groups challenged
with the virulent oocysts of E tenella after immunization
with the 1st and the 3rd progeny of the 7 -irradiated E
tenella were significantly higher than that (ACI —81.9) of
the challenged control group. It was thought that the -
munogenicity of ¥ -irradiated E tenella would be increase
according to increase the number of generation passaged
in chicken. That might be because of increasing the
pathogenicity of ¥ -irradiated E tenella according to in-

crease the number of generation passaged in chicken.
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